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Ɋɟɞɚɤɰɢɨɧɧɚя ɤɨɥɥɟɝɢя: 
И.Ⱥ. Ȼаɛɟɧɤɨ, Ⱥ.ȼ. Кашɟвсɤɢɣ, Ȼ.Н. Ȼаɠɟɧɨв, Ⱥ.И. ȼɢɥьɦс  

Ȼ18 Баɣɤаɥьɫɤая шɤɨɥа-ɤɨɧɮеɪеɧɰɢя ɩɨ ɯɢɦɢɢ – 2017 : ɋɛɨɪɧɢɤ 
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Ɇɚɬɟɪɢɚɥɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɫɛɨɪɧɢɤɟ ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɲɤɨɥɵ-
ɤɨɧɮɟɪɟɧɰɢɢ, ɨɬɪɚɠɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɨɜ, 
ɚɫɩɢɪɚɧɬɨɜ, ɦɨɥɨɞɵɯ ɢ ɜɟɞɭɳɢɯ ɭɱɟɧɵɯ ɢɡ ȼɍɁɨɜ ɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ 
ɨɪɝɚɧɢɡɚɰɢɣ Ɋɨɫɫɢɢ, Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ⱥɪɦɟɧɢɢ, Ȼɟɥɨɪɭɫɫɢɢ, Ȼɟɥɶɝɢɢ, ɂɬɚɥɢɢ, 
Кɚɡɚɯɫɬɚɧɚ, ɍɤɪɚɢɧɵ, Ɏɪɚɧɰɢɢ ɢ əɩɨɧɢɢ ɩɨ ɱɟɬɵɪɟɦ ɧɚɭɱɧɵɦ ɧɚɩɪɚɜɥɟɧɢяɦ: «Ɉɪɝɚɧɢɱɟɫɤɚя ɯɢɦɢя», «ɏɢɦɢя ɛɢɨɥɨɝɢɱɟɫɤɢ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ», «Ɏɢɡɢɱɟɫɤɚя ɯɢɦɢя» 
ɢ «ɇɟɨɪɝɚɧɢɱɟɫɤɚя ɢ ɚɧɚɥɢɬɢɱɟɫɤɚя ɯɢɦɢя».   

ɉɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥя ɨɡɧɚɤɨɦɥɟɧɢя ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɜɭɡɨɜ 
ɯɢɦɢɱɟɫɤɨɝɨ, ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɦɟɞɢɰɢɧɫɤɨɝɨ ɩɪɨɮɢɥɟɣ, ɚ ɬɚɤɠɟ ɧɚɭɱɧɵɯ 
ɪɚɛɨɬɧɢɤɨɜ ɯɢɦɢɱɟɫɤɢɯ ɢɧɫɬɢɬɭɬɨɜ ɫ ɨɫɧɨɜɧɵɦɢ ɞɨɫɬɢɠɟɧɢяɦɢ, ɫɨɜɟɪɲɟɧɧɵɦɢ ɜ 
ɩɨɫɥɟɞɧɟɟ ɜɪɟɦя.     

ɇɚɭɱɧɵɟ ɪɟɞɚɤɬɨɪɵ:  
ɞ-ɪ ɯɢɦ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ɉɪɨɣɞɚɤɨɜ Ⱥɥɟɤɫɟɣ Ƚɚɜɪɢɥɨɜɢɱ 
ɞ-ɪ ɯɢɦ. ɧɚɭɤ ɋɟɦɟɧɨɜ Ⱥɪɤɚɞɢɣ Ⱥɥɟɤɫɟɟɜɢɱ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɞɨɰɟɧɬ Ⱥɩɪɟɥɤɨɜɚ ɇɢɧɚ Ɏɟɞɨɪɨɜɧɚ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɞɨɰɟɧɬ Кɨɪɨɥёɜɚ Ƚɚɥɢɧɚ ɇɢɤɨɥɚɟɜɧɚ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɞɨɰɟɧɬ ɉɨɤɚɬɢɥɨɜ Ɏɟɞɨɪ Ⱥɧɚɬɨɥɶɟɜɢɱ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɞɨɰɟɧɬ ɋɤɪɢɩɨɜ ɇɢɤɢɬɚ ɂɝɨɪɟɜɢɱ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɞɨɰɟɧɬ ɋɭɫɥɨɜ Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ  
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɫ.ɧ.ɫ. Ȼɚɠɟɧɨɜ Ȼɨɪɢɫ ɇɢɤɨɥɚɟɜɢɱ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, Ph.D. Кɚɲɟɜɫɤɢɣ Ⱥɥɟɤɫɟɣ ȼɚɥɟɪɶɟɜɢɱ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ Ȼɵɤɨɜ Ɇɢɯɚɢɥ ȼɚɥɟɪɶɟɜɢɱ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ ȼɢɥɶɦɫ Ⱥɥɟɤɫɟɣ ɂɜɚɧɨɜɢɱ 
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ Ƚɨɥɨɛɨɤɨɜɚ Ɍɚɬɶяɧɚ ȼɢɤɬɨɪɨɜɧɚ  
ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ ɋɤɢɬɧɟɜɫɤɚя Ⱥɧɧɚ Ⱦɦɢɬɪɢɟɜɧɚ    
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ɋɈȾȿɊɀȺɇɂȿ  
ɉɪɢɜɟɬɫɬɜɟɧɧɨɟ ɫɥɨɜɨ ɩɪɟɞɫɟɞɚɬɟɥя ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɤɨɦɢɬɟɬɚ  14 

ɋɩɨɧɫɨɪɵ ɤɨɧɮɟɪɟɧɰɢɢ 
ȺɈ «Ȼɚɲɤɢɪɫɤɚя ɫɨɞɨɜɚя ɤɨɦɩɚɧɢя» 15 

ɈɈɈ «ɌȾ Ƚɚɥɚɏɢɦ»  16 

ɈɈɈ «Ⱦɢɚɷɦ»  17 

ȺɈ «Ɏɚɪɦɚɫɢɧɬɟɡ»  18 

ɈɈɈ «ɏɢɦɦɟɞ ɋɢɧɬɟɡ»  19 

ɈɈɈ «ɆȺɋ Ⱥɥɶɛɢɨɧ»  20 

ɉɥɟɧɚɪɧɵɟ ɞɨɤɥɚɞɵ 
ɄȺɌȺɅɂɁ ȼ ɈɊȽȺɇɂɑȿɋɄɈɆ ɋɂɇɌȿɁȿ 
ɂ.ɉ. Ȼɟɥɟɰɤɚɹ 21 

ɋɌɈɃɄɂȿ ɈɊȽȺɇɂɑȿɋɄɂȿ ɁȺȽɊəɁɇɂɌȿɅɂ ȼ ȼɈȾɇɈɃ ɗɄɈɋɂɋɌȿɆȿ ɨɡ. ȻȺɃɄȺɅ 
Ⱥ.Ƚ. Ƚɨɪɲɤɨɜ 22 

Ɉ ȼɈɁɆɈɀɇɈɋɌɂ ɈɉɊȿȾȿɅȿɇɂə ɂɁ ɋɉȿɄɌɊɈȼ əɆɊ 1ɇ ȺɊɈɆȺɌɂɑɇɈɋɌɂ 
ɇȿɎɌɂ ɂ ȿЁ ɎɊȺɄɐɂɃ 
ɇ.Ⱥ. Ʉɨɦɚɪɨɜ, Ƚ.Ⱥ. Ʉɚɥɚɛɢɧ 26 

ɋȻɈɊɄȺ ȺɁɈɌɋɈȾȿɊɀȺɓɂɏ ȽȿɌȿɊɈɐɂɄɅɈȼ, ɂɇɂɐɂɂɊɍȿɆȺə ȺɁȺ-ɊȿȺɄɐɂȿɃ 
ɆɂɏȺɗɅə 
Ⱥ.ɘ. Ɋɭɥёɜ 30 

ɇɂɁɒɂȿ ɂɈȾɂȾɕ ɆɈɅɂȻȾȿɇȺ ɂ ȼɈɅɖɎɊȺɆȺ: ɇȿɁȺɋɅɍɀȿɇɇɈ «ɁȺȻɕɌɕɃ» 
ɄɅȺɋɋ ɋɈȿȾɂɇȿɇɂɃ 
Ɇ.ɇ. ɋɨɤɨɥɨɜ, Ɇ.Ⱥ. Ɇɢɯɚɣɥɨɜ, Ⱥ.Ⱦ. Ɇɢɪɨɧɨɜɚ 32 

ɉɈɊɂɋɌɕȿ ɄɈɈɊȾɂɇȺɐɂɈɇɇɕȿ ɉɈɅɂɆȿɊɕ: ɈɌ ɋɂɇɌȿɁȺ ɂ ɋɌɊɍɄɌɍɊɕ Ʉ 
ɎɍɇɄɐɂɈɇȺɅɖɇɕɆ ɋȼɈɃɋɌȼȺɆ 
ȼ.ɉ. Ɏɟɞɢɧ 35 

ȻɂɈɅɈȽɂɑȿɋɄɂ ȺɄɌɂȼɇɕȿ ȼȿɓȿɋɌȼȺ – ɈɌ ɆɈɅȿɄɍɅɕ ȾɈ ɉɊȿɉȺɊȺɌȺ 
ȿ.ɋ. ɑɭɞɢɧɨɜɚ 36 

ɈɉȿɊȺɇȾɈ ɂɋɋɅȿȾɈȼȺɇɂə: ɂȾȿɇɌɂɎɂɄȺɐɂə ɂ ɍɋɌȺɇɈȼɅȿɇɂȿ ɎɍɇɄɐɂɃ 
ɂɇɌȿɊɆȿȾɂȺɌɈȼ ȼ ɏɂɆɂɑȿɋɄɂɏ ɋɂɋɌȿɆȺɏ 
Ⱥ.Ɏ. ɒɦɢɞɬ, Ⱥ.Ⱥ. Ʉɭɪɨɯɬɢɧɚ 41 

ɋɟɤɰɢя 1. Ɉɪɝɚɧɢɱɟɫɤɚя ɯɢɦɢя 
1H-ɇȺɎɌɈ[1,8-de][1,2,3]ɌɊɂȺɁɂɇ ȼ ɊȿȺɄɐɂɂ ɋ ɉɂɊɂɆɂȾɂɇȺɆɂ ȼ 
ɉɈɅɂɎɈɋɎɈɊɇɈɃ ɄɂɋɅɈɌȿ 
Ʉ.Ʉ. Ⱥɦɚɞɢ, ɋ.ȼ. ɓɟɪɛɚɤɨɜ, Ⱦ.Ⱥ. Ʌɨɛɚɱ, Ⱥ.ȿ. ɐɵɫɶ, Ⱥ.ȼ. Ⱥɤɫɟɧɨɜ 43 

ɇɈȼɕȿ ȺɋɉȿɄɌɕ ɉɊɂɆȿɇȿɇɂə ɆɂɄɊɈȼɈɅɇɈȼɈɃ ȺɄɌɂȼȺɐɂɂ 
ɋȿɊɈȼɈȾɈɊɈȾȺ ȼ ɋɂɇɌȿɁȿ ȽȿɌȿɊɈɐɂɄɅɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ 
ȿ.ɗ. Ⱥɧɢɫɢɦɨɜɚ, Ⱥ.Ⱦ. Ɂɚɯɚɪɨɜ, ȿ.ȼ. ɒɢɧɤɚɪɶ, ɇ.Ɍ. Ȼɟɪɛɟɪɨɜɚ 45 

ȽȿɌȿɊɈɐɂɄɅɂɁȺɐɂə 2-ȺɅɅɂɅɋɍɅɖɎȺɇɂɅ-5-ɎȿɇɂɅ-1,3,4-ɈɄɋȺȾɂȺɁɈɅȺ ɉɈȾ 
ȾȿɃɋɌȼɂȿɆ ȽȺɅɈȽȿɇɈȼ 
Ʉ.Ʉ. Ȼɚɤɢɧɚ, ɇ.Ɇ. Ɍɚɪɚɫɨɜɚ, Ⱦ.Ƚ. Ʉɢɦ 48 

ɋɂɇɌȿɁ ɇɈȼɕɏ 3H-ɉɂɊɊɈɅɈȼ ɋɈ ɋɅɈɀɇɈɗɎɂɊɇɕɆɂ ȽɊɍɉɉȺɆɂ 
Ɇ.ɘ. Ȼɟɥɢɤɨɜ 49 

ȼɅɂəɇɂȿ ɌɂɉȺ ɈɌȼȿɊȾɂɌȿɅə ɇȺ ɌȼȿɊȾɈɋɌɖ ɍȽɅȿɊɈȾ - ɗɉɈɄɋɂȾɇɕɏ  
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ɄɈɆɉɈɁɂɌɈȼ 
ɂ.ɋ. Ȼɟɪɞɸɝɢɧɚ, Ⱥ.Ƚ. Ȼɚɧɧɨɜ 

 
50 

ɗɎɎȿɄɌɂȼɇɕɃ ɋɉɈɋɈȻ ɉɈɅɍɑȿɇɂə ɇɈȼɕɏ ɄɂɋɅɈɊɈȾɋɈȾȿɊɀȺɓɂɏ 
ɄɊȺɍɇ-ɗɎɂɊɈȼ ɇȺ ɈɋɇɈȼȿ ȾȼɍɏȺɌɈɆɇɕɏ ɋɉɂɊɌɈȼ 
Ɋ.ɇ. Ȼɭɞɚɝɨɜɚ, Ƚ.Ʉ. ɋɚɞɵɯɨɜɚ, ɂ.ɋ. Ʌɸɬɜɚɥɢɡɚɞɟ, ɏ.Ɇ. Ⱥɛɢɟɜɚ 52 

ȽȿɌȿɊɈɐɂɄɅɂɁȺɐɂə 2-ɐɂɄɅɈȽȿɄɋȿɇɂɅɋɍɅɖɎȺɇɂɅɌɂȺɁɈɅɈȼ ɉɈȾ 
ȾȿɃɋɌȼɂȿɆ ȽȺɅɈȽȿɇɈȼ 
Ⱥ.ɋ. ȼɚɥɢɭɥɢɧɚ, ɇ.Ɇ. Ɍɚɪɚɫɨɜɚ, Ⱦ.Ƚ. Ʉɢɦ 54 

ɇɈȼɕȿ ȺɆɎɂɎɂɅɖɇɕȿ ɋɈȿȾɂɇȿɇɂə ɇȺ ɈɋɇɈȼȿ ɉɊɈɂɁȼɈȾɇɕɏ 3,7-

ȾɂȺɁȺȻɂɐɂɄɅɈ[3.3.1]ɇɈɇȺɇȺ ɄȺɄ ɆȺɌȿɊɂȺɅɕ ȾɅə ɇȺɇɈɄɈɇɌȿɃɇȿɊɈȼ 
ɉ.ɇ. ȼɟɪɟɦɟɟɜɚ, ɂ.ȼ. Ƚɪɢɲɢɧɚ, ȿ.Ɇ. Ȼɨɜɢɧɚ, Ɉ.ȼ. Ɂɚɛɨɪɨɜɚ, Ⱥ.ȼ. ɋɵɛɚɱɢɧ, ȼ.Ʌ. Ʌɚɩɬɟɜɚ, ȼ.Ⱥ. ɉɚɥɸɥɢɧ 56 

ɇȿɉɊȿɊɕȼɇɕɃ ɆȺȽɇɂɃɈɊȽȺɇɂɑȿɋɄɂɃ ɋɂɇɌȿɁ ɄɊȿɆɇɂɃɈɊȽȺɇɂɑȿɋɄɂɏ 
ɆɈɇɈɆȿɊɈȼ 
Ⱥ.ȼ. ȼɟɫɟɥɨɜ, Ɇ.ɘ. Ɏɢɥɚɬɨɜ, Ʉ.Ⱦ. Ɇɚɝɞɟɟɜ, ȼ.ɂ. ɒɢɪɹɟɜ 57 

ȼɕɋɈɄɈɅɘɆɂɇȿɋɐȿɇɌɇɕȿ ɆȺɌȿɊɂȺɅɕ ɇȺ ɈɋɇɈȼȿ 
ɉɈɅɂɆȿɌɂɅɆȿɌȺɄɊɂɅȺɌȺ ɂ ɄɅȺɋɌȿɊɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɆɈɅɂȻȾȿɇȺ 
ɘ.Ⱥ. ȼɨɪɨɬɧɢɤɨɜ, Ʉ.Ⱥ. Ȼɪɵɥɟɜ, Ɇ.Ⱥ. ɒɟɫɬɨɩɚɥɨɜ, ɘ.ȼ. Ɇɢɪɨɧɨɜɚ 59 

ɅɘɆɂɇȿɋɐȿɇɌɇɕȿ ɆȺɌȿɊɂȺɅɕ ɇȺ ɈɋɇɈȼȿ ɈɊȽȺɇɂɑȿɋɄɂɏ ɆȺɌɊɂɐ ɂ 
ɄɅȺɋɌȿɊɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɆɈɅɂȻȾȿɇȺ 
ɇ.Ⱥ. ȼɨɪɨɬɧɢɤɨɜɚ, Ⱥ.Ⱥ. Ɋɹɞɭɧ, Ⱥ.ɘ. Ⱥɥɟɤɫɟɟɜ, Ɇ.Ⱥ. ɒɟɫɬɨɩɚɥɨɜ 61 

ɉɈɅɍɑȿɇɂȿ ɌɊɂɆȿɌɂɅȿɇɄȺɊȻɈɇȺɌȺ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɊȿȺɄɐɂɂ 
ɉȿɊȿɗɌȿɊɂɎɂɄȺɐɂɂ ȾɂɆȿɌɂɅɄȺɊȻɈɇȺɌȺ 
Ⱥɥɢɧɚ ɇ. Ƚɚɥɢɦɨɜɚ, ȼ.Ⱥ. Ʉɭɡɧɟɰɨɜ, Ⱥ.ȼ. ɉɟɫɬɨɜ 63 

ɋɂɇɌȿɁ ɄɈɆɉɅȿɄɋɈɇɈȼ ɇȺ ɈɋɇɈȼȿ 2-ȽɂȾɊɈɄɋɂȺɐȿɌɈɎȿɇɈɇȺ 
Ⱥɥɶɛɢɧɚ ɇ. Ƚɚɥɢɦɨɜɚ, ɂ.ɋ. ɉɭɡɵɪɟɜ, Ⱥ.ȼ. ɉɟɫɬɨɜ 64 

ɋɂɇɌȿɁ 1,2,4,5-ɌȿɌɊȺɄɂɋ(ɎȿɇɂɅɌɂɈ)ȻȿɇɁɈɅɈȼ ɂɁ 1,3-ȾɂɏɅɈɊ-4,6-

ȾɂɇɂɌɊɈȻȿɇɁɈɅȺ 
ɉ.Ⱦ. Ƚɨɩɚɧɸɤ, Ɋ.ɋ. Ȼɟɝɭɧɨɜ, Ⱥ.Ⱥ. ɋɨɤɨɥɨɜ 66 

ɉɋȿȼȾɈȽȺɅɈȽȿɇɂȾɕ ɂ ɈɄɋɂȾ ɌɊɂɋ(2,6-ȾɂɆȿɌɈɄɋɂɎȿɇɂɅɋɍɊɖɆɕ). ɋɂɇɌȿɁ 
ɂ ɋɌɊɈȿɇɂȿ 
ɂ.ɉ. Ƚɪɢɧɢɲɚɤ, ɂ.ȼ. ȿɝɨɪɨɜɚ 68 

ɋɂɇɌȿɁ ɇɈȼɈȽɈ ȽȿɌȿɊɈɐɂɄɅɂɑȿɋɄɈȽɈ ɏɂɇɈɇȺ ɋ ɉɈɌȿɇɐɂȺɅɖɇɈɃ 
ɉɊɈɌɂȼɈɈɉɍɏɈɅȿȼɈɃ ȺɄɌɂȼɇɈɋɌɖɘ 
Ⱦ.Ⱥ. Ƚɪɨɦɨɜɚ, Ɋ.ɋ. Ȼɟɝɭɧɨɜ, Ⱥ.Ⱥ. ɋɨɤɨɥɨɜ 70 

ɋɂɇɌȿɁ ɉɈɅɂɆɈɅɈɑɇɈɃ ɄɂɋɅɈɌɕ ȼ ɍɋɅɈȼɂəɏ ɆɂɄɊɈȼɈɅɇɈȼɈȽɈ 
ɈȻɅɍɑȿɇɂə 
Ⱥ.Ɉ. Ƚɭɫɚɪ, ȼ.ȿ. ɏɚɪɢɬɨɧɨɜ 72 

ɋɂɇɌȿɁ ɂ ɈɄɂɋɅȿɇɂȿ ȺɅɄɂɅɄȺɊɂɈɎɂɅɅɋɍɅɖɎɂȾɈȼ 
ɘ.ȼ. Ƚɵɪɞɵɦɨɜɚ, Ⱦ.ȼ. ɋɭɞɚɪɢɤɨɜ, ɋ.Ⱥ. Ɋɭɛɰɨɜɚ, Ⱥ.ȼ. Ʉɭɱɢɧ 75 

ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ 3-(3-ȺɊɂɅɉɊɈɉȿɇɈɂɅ)-2H-ɏɊɈɆȿɇ-2-ɈɇɈȼ ɋ ɊȿȺɄɌɂȼɈɆ 
ɊȿɎɈɊɆȺɌɋɄɈȽɈ, ɈȻɊȺɁɈȼȺɇɇɕɆ ɂɁ ɆȿɌɂɅ 1-

ȻɊɈɆɐɂɄɅɈȽȿɄɋȺɇɄȺɊȻɈɄɋɂɅȺɌȺ ɂ ɐɂɇɄȺ  
Ⱥ.ȼ. Ⱦɟɦɟɧɟɜ, Ⱥ.Ⱥ. Ɍɟɬɟɪɢɧɚ, ȿ.Ⱥ. ɇɢɤɢɮɨɪɨɜɚ, ɇ.Ɏ. Ʉɢɪɢɥɥɨɜ 77 

ɉɊəɆɈȿ ɎɈɋɎɈɊɂɅɂɊɈȼȺɇɂȿ ɎɍɅɅȿɊȿɇȺ ɋ60 ɎɈɋɎɂɇɈɆ 
ə.ȼ. Ⱦɟɦɶɹɧɨɜ, ȿ.Ⱥ. Ɇɚɬɜɟɟɜɚ, ȼ.Ⱥ. Ʉɭɢɦɨɜ 79 

ȺɋɂɆɆȿɌɊɂɑȿɋɄɈȿ ɉɊɂɋɈȿȾɂɇȿɇɂȿ ɂɇȾɈɅɈȼ ɂ ɉɂɊɊɈɅɈȼ ɉɈ ɎɊɂȾȿɅɘ-

ɄɊȺɎɌɋɍ Ʉ ɄȺɊȻɈȺɅɄɈɄɋɂɄɍɆȺɊɂɇȺɆ 
ȼ.Ƚ. Ⱦɟɫɹɬɤɢɧ, ɂ.ɉ. Ȼɟɥɟɰɤɚɹ 80 

ɋɂɇɌȿɁ ɇɈȼɕɏ ɉɊɈɂɁȼɈȾɇɕɏ 2-ȺɆɂɇɈ-3-ɐɂȺɇɈ-4ɇ-ɏɊɈɆȿɇȺ 
ɂ.ȼ. Ⱦɢɞɟɧɤɨ 83 

ɋɂɇɌȿɁ ɇɈȼɕɏ ɐɂɄɅɈɉȿɇɌȺ[с]ɉɂɊɂȾɂɇɈȼ ɂ ɂɏ ȺɅɄɂɅɂɊɈȼȺɇɂȿ  
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ɂ.ȼ. Ⱦɹɱɟɧɤɨ, Ⱥ.ɋ. Ʉɪɭɫɫɟɪ, ȿ.ȼ. ɇɢɤɢɬɢɧɚ 84 

ȾɈɆɂɇɈ-ɊȿȺɄɐɂɂ 1-ȺɊɈɂɅ-3,4-ȾɂȽɂȾɊɈɂɁɈɏɂɇɈɅɂɇɈȼ ɋ ɋɂɆɆȿɌɊɂɑɇɕɆɂ 
ȺɅɄɂɇȺɆɂ 
ɋ.ȼ. Ⱦɶɹɱɟɧɤɨ, Ɍ.ɇ. Ȼɨɪɢɫɨɜɚ, Ⱥ.Ⱥ. Ɍɢɬɨɜ, Ⱥ.ȼ. ȼɚɪɥɚɦɨɜ 85 

ɇɈȼɕȿ ɊȿȺɄɐɂɂ ɄɋȺɇɌȺɇɈȼɈȽɈ ȼɈȾɈɊɈȾȺ 
Ɍ.ɘ. ȿɜɦɟɳɟɧɤɨ 87 

ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɄɊȿɆɇɂɃɈɊȽȺɇɂɑȿɋɄɂɏ ɄɋȿɊɈȽȿɅȿɃ ɇȺ ɈɋɇɈȼȿ 
1,2-Ȼɂɋ(5-ɌɊɂɗɌɈɄɋɂɋɂɅɂɅ-3-ɌɂɈɉȿɇɌɈɄɋɂ)ɗɌȺɇȺ 
ȿ.ɂ. Ʉɚɪɩɨɜɚ, ȿ.Ⱥ. ɒɚɪɲɢɧɚ, Ɇ.ȼ. Ɍɭɬɨɜ 88 

ɄȺɌȺɅɂɌɂɑȿɋɄɂɃ ɆȿɌɈȾ ɋɂɇɌȿɁȺ 2,9-Ⱦɂ(ɐɂɄɅɈ)ȺɅɄɂɅ-2,3ɚ,7b,9,10a,14b-

ȽȿɄɋȺȺɁȺɉȿɊȽɂȾɊɈȾɂȻȿɇɁɈɌȿɌɊȺɐȿɇɈȼ  
ȼ.ɘ. Ʉɢɪɫɚɧɨɜ, ȿ.Ȼ. Ɋɚɯɢɦɨɜɚ, Ⱥ.Ƚ. ɂɛɪɚɝɢɦɨɜ, ɍ.Ɇ. Ⱦɠɟɦɢɥɟɜ 90 

ɂɁɍɑȿɇɂȿ ɊȿȺɄɐɂɈɇɇɈɃ ɋɉɈɋɈȻɇɈɋɌɂ 1-R-1-

ɎȿɇɂɅɗɌɂɇɂɅɌȿɌɊȺȽɂȾɊɈɂɁɈɏɂɇɈɅɂɇɈȼ ɋ ɌȿɊɆɂɇȺɅɖɇɕɆɂ ȺɅɄɂɇȺɆɂ 
ȼ ɌɊɂɎɌɈɊɗɌȺɇɈɅȿ 
Ɇ.ɋ. Ʉɨɛɡɟɜ, Ⱥ.Ⱥ. Ɍɢɬɨɜ, Ɍ.ɇ. Ȼɨɪɢɫɨɜɚ, Ⱥ.ȼ.ȼɚɪɥɚɦɨɜ 92 

ɋɂɇɌȿɁ ɇɈȼɕɏ ɉɊɈɂɁȼɈȾɇɕɏ 11H-ɂɇȾȿɇɈ[1,2-b]-ɏɂɇɈɄɋȺɅɂɇȺ ɄȺɄ 
ɉȿɊɋɉȿɄɌɂȼɇɕɏ ɂɇȽɂȻɂɌɈɊɈȼ JNK (C-JUN N-ɌȿɊɆɂɇȺɅɖɇɈɃ ɄɂɇȺɁɕ) 
Ⱥ.Ɋ. Ʉɨɜɪɢɠɢɧɚ, Ⱥ.ɂ. ɏɥɟɛɧɢɤɨɜ 93 

ɗɅȿɄɌɊɈɋɂɇɌȿɁ ɈɊȽȺɇɂɑȿɋɄɂɏ Ⱦɂ- ɂ ɉɈɅɂɋɍɅɖɎɂȾɈȼ ɇȺ ɈɋɇɈȼȿ ɋȿɊɕ ɂ 
ɋȿɊɈȼɈȾɈɊɈȾȺ  
ȼ.ȼ. Ʉɭɡɶɦɢɧ 95 

ɊȿȺɄɐɂɈɇɇȺə ɋɉɈɋɈȻɇɈɋɌɖ 1-ȺɊɈɂɅ-3,4-ȾɂȽɂȾɊɈɂɁɈɏɂɇɈɅɂɇɈȼ 
Ɇ.Ⱦ. Ɇɚɬɜɟɟɜɚ, Ɍ.ɇ. Ȼɨɪɢɫɨɜɚ, Ƚ.ɋ. Ⱥɫɬɚɯɨɜ 98 

ɋɂɇɌȿɁ ȼ ɉɊɂɋɍɌɋɌȼɂɂ ɉȺȼ ɂ ɎɅɍɈɊȿɋɐȿɇɌɇɕȿ ɋȼɈɃɋɌȼȺ 
ȺɊɂɅɆȿɌɂɅɂȾȿɇɉɊɈɂɁȼɈȾɇɕɏ ȾɂɆȿɊȺ ɆȺɅɈɇɈɇɂɌɊɂɅȺ 
Ⱦ.Ʌ. Ɇɢɯɚɣɥɨɜ, Ⱥ.ɘ. Ⱥɥɟɤɫɟɟɜɚ, Ɇ.ɘ. ɂɟɜɥɟɜ, Ɉ.ȼ. ȿɪɲɨɜ 100 

ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɈɋɇɈȼɇɈɋɌɂ ɇɈȼɕɏ ɋɌɊɍɄɌɍɊɇЫХ ȺɇȺɅɈȽɈȼ 
ȻɊɈɆȺɇɌȺɇȺ 
Ɇ.Ȼ. ɇɚɜɪɨɰɤɢɣ, Ⱥ.ɋ. Ȼɚɛɭɲɤɢɧ, ɂ.Ⱥ. ɇɨɜɚɤɨɜ, Ⱥ.ɋ. əɛɥɨɤɨɜ, ɋ.ɇ. ȼɨɥɨɛɨɟɜ, Ⱦ.ɋ. ɒɟɣɤɢɧ, ɂ.Ⱥ. Ʉɢɪɢɥɥɨɜ 

101 

ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɄɊɂɋɌȺɅɅɂɑȿɋɄɈɃ ɋɌɊɍɄɌɍɊɕ 3-((4-

ɆȿɌɈɄɋɂɎȿɇɂɅ)ȾɂȺɁȿɇɂɅ)ɉȿɇɌȺɇ-2,4-ȾɂɈɇȺ ɆȿɌɈȾɈɆ 
ɊȿɇɌȽȿɇɈɋɌɊɍɄɌɍɊɇɈȽɈ ȺɇȺɅɂɁȺ 
ɏ.Ⱦ. ɇɚɝɢɟɜ, Ⱥ.ɘ. Ⱥɛɢɟɜɚ, ɍ.Ⱥ. Ƚɸɥɥɚɪɥɢ, Ⱥ.Ʉ. Ȼɚɛɚɟɜ, Ɏ.Ɇ. ɑɵɪɚɝɨɜ 102 

ɉɈɅɍɑȿɇɂȿ ɈɋɇɈȼȺɇɂɃ ɒɂɎɎȺ ɇȺ ɈɋɇɈȼȿ 1-ȺɊɈɂɅ-3,4-

ȾɂȽɂȾɊɈɂɁɈɏɂɇɈɅɂɇɈȼ  
Ⱥ.Ⱥ. ɇɟɜɫɤɚɹ, Ɍ.ɇ. Ȼɨɪɢɫɨɜɚ, Ʌ.Ƚ. ȼɨɫɤɪɟɫɟɧɫɤɢɣ, Ⱥ.ȼ. ȼɚɪɥɚɦɨɜ 104 

ȾɂȺɋɌȿɊȿɈɋȿɅȿɄɌɂȼɇȺə ɎɍɇɄɐɂɈɇȺɅɂɁȺɐɂə ɉɊɈɅɂɇȺ 
ȻȿɇɁȺɅɖȾȿȽɂȾȺɆɂ: ɋɂɇɌȿɁ 
(R*)-2-((S*)-(ȺɊɂɅ)ȽɂȾɊɈɄɋɂɆȿɌɂɅ)ɉɂɊɊɈɅɂȾɂɇ-2-ɄȺɊȻɈɇɈȼɕɏ ɄɂɋɅɈɌ 
Ⱥ.ȼ. ɉɚɜɥɭɲɢɧ, ȼ.ɋ. Ɇɨɲɤɢɧ 105 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɊȿȺɄɐɂɂ ȼɁȺɂɆɈȾȿɃɋɌȼɂə ɗɌɂɅȺɆɂɇȺ ɋ 1,3-

ȻɍɌɂɅȾɂɈɅɎȿɊɊɈɐȿɇɂɅȿɇɈɆ ɂ 1,1’-(1,3-ȻɍɌɂɅȾɂɈɅ)ɎȿɊɊɈɐȿɇɂɅȿɇɈɆ  
Ȼ.ȼ. ɉɨɥɹɤɨɜ, Ⱥ.Ⱦ. Ɋɚɞɠɚɛɨɜ, ȼ.ɋ. ɋɟɦёɧɤɢɧɚ, ɋ.ȼ. ȼɚɫɢɥɶɟɜ 107 

ȻɂɈɅɈȽɂɑȿɋɄɂ ȺɄɌɂȼɇɕȿ ɉɊɈɂɁȼɈȾɇɕȿ 1,2,4-ɈɄɋȺȾɂȺɁɈɅȺ, ɋɈȾȿɊɀȺɓɂȿ 
ȾɂɎȿɇɂɅɈɄɋɂȾɇɕɃ ɎɊȺȽɆȿɇɌ 
ɘ.ȼ. ɉɨɩɨɜ, Ɍ.Ʉ. Ʉɨɪɱɚɝɢɧɚ, ȼ.ɋ. Ʌɨɛɚɫɟɧɤɨ, Ɍ.ɘ. Ʉɚɫɫɨɜɚ 109 

ɋɂɇɌȿɁ ɂ ɋɌɊɈȿɇɂȿ ȾɂɄȺɊȻɈɄɋɂɅȺɌɈȼɌɊɂɋ(3-ɎɌɈɊɎȿɇɂɅ)ɋɍɊɖɆɕ (3-

FC6H4)3Sb[OC(O)R]2 (R = CH2Cl, Ph, CH2C6H4NO2-4, C10H15) 
Ɋ.ȼ. Ɋɟɲɟɬɧɢɤɨɜɚ, ȿ.ȼ. Ʌɨɛɚɧɨɜɚ, ȼ.ȼ. ɒɚɪɭɬɢɧ, Ɉ.Ʉ. ɒɚɪɭɬɢɧɚ 110 

ɋɌɊɈȿɇɂȿ ɇɂɄȿɅȿȼɕɏ ɄɈɆɉɅȿɄɋɈȼ S-2-(2-ɉɂɊɂȾɂɅ)ɗɌɂɅ-3-

ɆȿɊɄȺɉɌɈɉɊɈɉɂɈɇɈȼɈɃ ɂ S-2-(2-ɉɂɊɂȾɂɅ)ɗɌɂɅɌɂɈȽɅɂɄɈɅȿȼɈɃ ɄɂɋɅɈɌɕ 
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Ⱥ.ɉ. Ɋɨɞɢɨɧɨɜɚ, Ⱥ.ȼ. ɉɟɫɬɨɜ 112 

ɋɂɇɌȿɁ ɂ ȺɅɄɂɅɂɊɈȼȺɇɂȿ 5,6-ȾɂɎȿɇɂɅ-2,3-ȾɂȽɂȾɊɈ-1,2,4-ɌɊɂȺɁɂɇ-3-ɌɂɈɇȺ 
Ⱥ.ȼ. Ɋɵɛɚɤɨɜɚ, Ⱥ.ȼ. Ƚɟɪɚɫɟɧɤɨ, Ⱦ.Ƚ. Ʉɢɦ 114 

ɋɂɇɌȿɁ ɂ ȺɅɄɂɅɂɊɈȼȺɇɂȿ 5,6-ȾɂɎȿɇɂɅ-1,2,4-ɌɊɂȺɁɂɇ-3-ɌɂɈɇɈȼ 
Ⱥ.ȼ. Ɋɵɛɚɤɨɜɚ, ȼ.Ƚ. ɋɨɛɨɥɟɜɫɤɚɹ, Ⱦ.Ƚ. Ʉɢɦ 116 

ɋɂɇɌȿɁ ɂ ɋȼɈɃɋɌȼȺ 3-(2-ɆȿɌɂɅɉɊɈɉȿɇ-2-ɂɅ)ɋɍɅɖɎȺɇɂɅ-5-ɎȿɇɂɅ-1,2,4-

ɌɊɂȺɁɂɇȺ 
Ɉ.ȼ. ɋɚɠɚɟɜɚ, Ⱥ.ȼ. Ɋɵɛɚɤɨɜɚ, Ⱦ.Ƚ. Ʉɢɦ 118 

ɋɂɇɌȿɁ ɇɈȼɕɏ ɉɊȿȾɋɌȺȼɂɌȿɅȿɃ ɉɊɈɂɁȼɈȾɇɕɏ ȻȿɇɁɈ[gh]ɉȿɊɂɆɂȾɂɇȺ ɇȺ 
ɈɋɇɈȼȿ ɊȿȺɄɐɂɂ ɊȿɐɂɄɅɂɁȺɐɂɂ ɉɂɊɂɆɂȾɂɇɈȼ ȼ ɉɈɅɂɎɈɋɎɈɊɇɈɃ 
ɄɂɋɅɈɌȿ 
ɘ.Ⱥ. ɋɚɪɚɩɢɣ, ɂ.ȼ. Ʌɨɛɚɱ, ɋ.ȼ. ɓɟɪɛɚɤɨɜ, Ⱦ.Ⱥ. Ʌɨɛɚɱ, Ⱥ.ȼ. Ⱥɤɫɟɧɨɜ 120 

ȺɁɈɋɈɑȿɌȺɇɂȿ ȾɂȺɁɈɌɂɊɈȼȺɇɇɕɏ 5-ɁȺɆȿɓȿɇɇɕɏ 2-ȺɆɂɇɈ-1,3,4-

ɌɂȺȾɂȺɁɈɅɈȼ ɋ N,N-ȾɂȺɅɄɂɅȺɇɂɅɂɇȺɆɂ 
Ⱥ.Ⱦ. ɋɤɨɥɹɩɨɜɚ, Ƚ.Ⱥ. ɋɟɥɢɜɚɧɨɜɚ, ȿ.ȼ. Ɍɪɟɬɶɹɤɨɜ 122 

ɇɂɌɊɈȼȺɇɂȿ ɉɈɅɂɎɌɈɊɂɊɈȼȺɇɇɕɏ ɉɈ ȻȿɇɁɈɅɖɇɈɆɍ ɎɊȺȽɆȿɇɌɍ2-

ɏɅɈɊɏɂɇɈɅɂɇɈȼ ɂ ɏɂɇɈɅɂɇ-2-ɈɇɈȼ 
Ⱥ.Ⱦ. ɋɤɨɥɹɩɨɜɚ, Ƚ.Ⱥ. ɋɟɥɢɜɚɧɨɜɚ, ȿ.ȼ. Ɍɪɟɬɶɹɤɨɜ 125 

ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ 3-ȺɆɂɇɈ-8-ȽɂȾɊɈɄɋɂ-1,6-ȾɂɈɄɋɈ-2,7-ȾɂȺɁȺɋɉɂɊɈ[4.4]ɇɈɇ-

3-ȿɇ-4-ɄȺɊȻɈɇɂɌɊɂɅɈȼ ɋ ɊȿȺɄɌɂȼɈɆ ɅɈɍɋɋɈɇȺ 
ɋ.ȼ. Ɏɟɞɨɫɟɟɜ 128 

ȺɊɈɆȺɌɂɑȿɋɄɂȿ ȺɆɂɇɕ ȼ ȺɁȺ-ɊȿȺɄɐɂɂ ɆɂɏȺɗɅə 
Ⱥ.ɂ. Ɏɟɞɨɬɨɜɚ 130 

N-(2,2,2-ɌɊɂɏɅɈɊɗɌɂɅ)ȻȿɇɁɈɅɋɍɅɖɎɈɇȺɆɂȾ ȼ ɊȿȺɄɐɂɂ 
ȾȿȽɂȾɊɈɏɅɈɊɂɊɈȼȺɇɂə 
Ʉ.ɉ. Ɏɟɞɨɬɨɜɚ, ɂ.ȼ. ɇɢɤɢɬɢɧ, Ƚ.ɇ. ɑɟɪɧɵɲёɜɚ 132 

ɉɊɂɆȿɇȿɇɂȿ ɆȺɋɋ-ɋɉȿɄɌɊɈɆȿɌɊɂɑȿɋɄɂɏ ɆȿɌɈȾɈȼ MALDI TOF ɂ MS ICP ȼ 
ɂȾȿɇɌɂɎɂɄȺɐɂɂ ɉȿɊȼɈȽɈ ȽȿɌȿɊɈȻɂɆȿɌȺɅɅɂɑȿɋɄɈȽɈ ɋɈȿȾɂɇȿɇɂə ɊɁɗ ɋ 
ɊȿȾɈɄɋ-ȺɄɌɂȼɇɕɆɂ ɅɂȽȺɇȾȺɆɂ 
ɂ.Ʌ. Ɏɟɞɸɲɤɢɧ, Ⱥ.Ⱥ. ɋɤɚɬɨɜɚ, Ⱦ.ɋ. əɦɛɭɥɚɬɨɜ, ɂ.Ⱦ. Ƚɪɢɲɢɧ 133 

ɊȺɁɊȺȻɈɌɄȺ ɆȿɌɈȾȺ ɋɂɇɌȿɁȺ ɈɉɌɂɑȿɋɄɂ ȺɄɌɂȼɇɕɏ ɋȿɊɈɋɈȾȿɊɀȺɓɂɏ 
ɉɊɈɂɁȼɈȾɇɕɏ 2(5H)-ɎɍɊȺɇɈɇȺ 
Ⱥ.Ɇ. ɏɚɛɢɛɪɚɯɦɚɧɨɜɚ, Ɋ.Ƚ. Ɏɚɢɡɨɜɚ, Ʌ.Ɂ. Ʌɚɬɵɩɨɜɚ, ɋ.Ⱥ. ɒɬɟɣɧɝɨɥɶɰ, Ʌ.ɇ. ɉɨɬɚɩɨɜɚ, Ⱦ.Ɋ. Ʉɭɡɧɟɰɨɜ, 
Ɉ.Ⱥ. Ʌɨɞɨɱɧɢɤɨɜɚ, Ⱥ.Ɋ. Ʉɭɪɛɚɧɝɚɥɢɟɜɚ 135 

ɊȺɁɊȺȻɈɌɄȺ ɉɈɊɂɋɌɕɏ ɉɈɅɂɆȿɊɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɇȺ ɈɋɇɈȼȿ 
ȾɂɐɂɄɅɈɉȿɇɌȺȾɂȿɇȺ ɂɁ ɗɆɍɅɖɋɂɃ ɋ ȼɕɋɈɄɂɆ ɋɈȾȿɊɀȺɇɂȿɆ 
ȼɇɍɌɊȿɇɇȿɃ ɎȺɁɕ 
ɉ.Ⱥ. ɏɚɯɭɥɢɧ 138 

ɗɎɎȿɄɌɂȼɇɕɃ ɋɉɈɋɈȻ ɋɂɇɌȿɁȺ ɆɈɇɈɆȿɊɈȼ ȾɅə ɉɈɅɂɏɂɇɈɄɋȺɅɂɇɈȼ 
Ⱥ.ɂ. ɏɥɨɩɨɬɢɧɢɧ, Ⱥ.Ⱥ. Ȼɚɲɤɢɪɨɜɚ, ɇ.Ɉ. Ⱦɨɛɪɟɰɨɜɚ 141 

ɇɂɌɊɈȼȺɇɂȿ ȺɅɄɂɅȻȿɇɁɈɅɈȼ ɇɂɌɊɈɇɂɃ-ɎɌɈɊɂȾɈɆ ȼ ɋɂɇɌȿɁȿ 
ɉɊȿɄɍɊɋɈɊɈȼ ɎȺɊɆȺɐȿȼɌɂɑȿɋɄɂɏ ɉɊȿɉȺɊȺɌɈȼ 
Ⱦ.ȼ. ɐɜɟɬɤɨɜɚ, ȿ.ɇ. Ʉɪɵɥɨɜ, Ʌ.ȼ. ȼɢɪɡɭɦ 143 

ȼɅɂəɇɂȿ ɌȺɍɌɈɆȿɊɇɕɏ ɉɊȿȼɊȺɓȿɇɂɃ ɇȺ ɎɈɌɈȽȿɇȿɊȺɐɂɘ 
ɄɂɋɅɈɌɇɈɋɌɂ ȼ ɊəȾɍ 3-ɉɂɊȺɁɈɅɂɇɂɅɄɍɆȺɊɂɇɈȼ  
Ⱦ.Ⱥ. ɑɟɩɰɨɜ, Ɇ.ȼ. Ȼɭɥɚɧɨɜɚ, Ƚ.ȼ. ȼɟɪɲɢɧɢɧɚ, ɂ.ȼ. ɂɜɚɧɨɜ, ȼ.Ɏ. Ɍɪɚɜɟɧɶ 146 

ȾɂɐɂȺɇɈȼɂɇɂɅɆɈɑȿȼɂɇȺ ȼ ɋɂɇɌȿɁȿ ɎɈɋɎɈɊɂɅɂɊɈȼȺɇɇɕɏ ɉɂɊɂȾɈɇɈȼ 
Ɉ.ȼ. ɑɟɪɧɨɜɚ, Ⱥ.ɇ. ȼɚɫɢɥɶɟɜ, Ⱥ.ɇ. Ʌɵɳɢɤɨɜ, Ɉ.ȿ. ɇɚɫɚɤɢɧ 148 

ɋɂɇɌȿɁ ɂ ɋɌɊɍɄɌɍɊȺ ɇɈȼɕɏ 2,6-ȾɂɁȺɆȿɓȿɇɇɕɏ ɉɊɈɂɁȼɈȾɇɕɏ 1,5-

ȾɂȺɁȺɐɂɄɅɈɈɄɌȺɇȺ 
Ⱦ.Ɋ. ɑɭɥɚɤɨɜɚ, ɂ.ɋ. ɋɦɢɪɧɨɜ, Ⱥ.Ɋ. ɉɪɚɞɢɩɬɚ, Ʌ.Ɂ. Ʌɚɬɵɩɨɜɚ, Ʉ.ɋ. ɍɫɚɱёɜ, ɂ.Ⱥ. Ɇɢɯɚɣɥɨɜɚ, 
Ɉ.Ⱥ. Ʌɨɞɨɱɧɢɤɨɜɚ, Ʉ. Ɍɚɧɚɤɚ, Ⱥ.Ɋ. Ʉɭɪɛɚɧɝɚɥɢɟɜɚ 149 
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ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɇɈȼɕɏ ȼɕɋɈɄɈɎɍɇɄɐɂɈɇȺɅɂɁɂɊɈȼȺɇɇɕɏ 
ɋɈȿȾɂɇȿɇɂɃ ȾȿɇȾɊɂɆȿɊɇɈɃ ɉɊɂɊɈȾɕ ɇȺ ɈɋɇɈȼȿ 
ɈɄɌȺȼɂɇɂɅɋɂɅɋȿɋɄȼɂɈɄɋȺɇȺ 
ȿ.Ⱥ. ɒɚɪɲɢɧɚ, ȿ.ɂ. Ʉɚɪɩɨɜɚ, Ɇ.ȼ. Ɍɭɬɨɜ 150 

1-ȻȿɇɁɈɂɅ-5,5-ȾɂɆȿɌɂɅ-2,3,5,6-ɌȿɌɊȺȽɂȾɊɈɉɂɊɊɈɅɈ[2,1-a]ɂɁɈɏɂɇɈɅɂɇ-2,3-

ȾɂɈɇ ȼ ɊȿȺɄɐɂɂ ɋ N-ɇɍɄɅȿɈɎɂɅȺɆɂ 
Ⱥ.ɋ. ɘɫɨɜ, Ⱥ.Ƚ. Ɇɢɯɚɣɥɨɜɫɤɢɣ 151 

FAST HIGHLY EFFICIENT ‘ON-SOLVENT’ NON CATALYTIC CASCADE 
TRANSFORMATION OF BENZALDEHYDES AND 4-HYDROXYCOUMARIN INTO BIS(4-

HYDROXYCOUMARINYL)ARYLMETHANES 
Y.E. Anisina, O.O. Sokolova, A.N. Vereshchagin 153 

INTERACTION OF 4-(PROP-2-YNYL)MORFOLINE WITH ACETYLACETONE IN THE 

PRESENCE OF MERCURY (II) ACETATE 
H.S. Nersisyan, V.M. Kobalyan 155 

ɋɟɤɰɢя 2. ɏɢɦɢя ɛɢɨɥɨɝɢɱɟɫɤɢ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ 
ɋɈɁȾȺɇɂȿ ɇȿɇɍɄɅȿɈɁɂȾɇɕɏ ɂɇȽɂȻɂɌɈɊɈȼ ɈȻɊȺɌɇɈɃ ɌɊȺɇɋɄɊɂɉɌȺɁɕ 
ȼɂɑ ɇȺ ɈɋɇɈȼȿ ȻȿɇɁɈɎȿɇɈɇɈȼ ɂ ɋɉɈɋɈȻȺ ɂɏ ɗɎɎȿɄɌɂȼɇɈɃ ȾɈɋɌȺȼɄɂ  
ȼ.Ɍ. ȼɚɥɭɟɜ-ɗɥɥɢɫɬɨɧ, Ɇ.ɋ. ɇɨɜɢɤɨɜ, Ⱥ.Ⱥ. Ȼɨɝɞɚɧɨɜ, ɋ.ɇ. Ʉɨɱɟɬɤɨɜ 157 

ɋɂɇɌȿɁ ɇɈȼɕɏ ɄɈɆɉɅȿɄɋɈȼ ɈɅɈȼɈɈɊȽȺɇɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ – 

ɉɈɌȿɇɐɂȺɅɖɇɕɏ ɇɈɋɂɌȿɅȿɃ ȻɂɈɅɈȽɂɑȿɋɄɈɃ ȺɄɌɂȼɇɈɋɌɂ 
ɂ.ɋ. ȼɟɫɟɥɨɜɚ, ȼ.ɂ. ɒɢɪɹɟɜ 160 

ɋȿɁɈɇɇɕȿ ɂɁɆȿɇȿɂə ɀɂɊɇɈɄɂɋɅɈɌɇɈȽɈ ɋɈɋɌȺȼȺ ɋɍɆɆȺɊɇɕɏ ɅɂɉɂȾɈȼ 
ɏȼɈɂ Larix sibirica ɂ Larix gmelinii 
Ɇ.ȼ. ɂɜɚɧɨɜɚ, ɇ.ȼ. ɋɟɦёɧɨɜɚ, Ƚ.Ƚ. ɋɭɜɨɪɨɜɚ 162 

ɐɂɌɈɌɈɄɋɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ ɉɊɈɂɁȼɈȾɇɕɏ 6-ɂɆɂɇɈ-2,7-

ȾɂɈɄɋȺȻɂɐɂɄɅɈ[3.2.1]ɈɄɌȺɇ-4,4,5-ɌɊɂɄȺɊȻɈɇɂɌɊɂɅȺ 
Ɇ.ɘ. ɂɟɜɥɟɜ, ɋ.ɂ. ɉɚɜɥɨɜɚ, ɇ.Ⱥ. Ⱥɧɞɪɟɟɜɚ, Ⱥ.Ƚ. Ɇɢɥɨɜɢɞɨɜɚ, Ɉ.ȼ. ȿɪɲɨɜ 165 

ɌȿɊɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɋɆȿɒȺɇɇɈɅɂȽȺɇȾɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɆȺɊȽȺɇɐȺ 
 ɒ.ɂ. Kɚɯɪɚɦɚɧɨɜɚ,  Ɏ.Ɏ. Ⱦɠɚɥɚɥɚɞɞɢɧɨɜ,  ɍ.Ⱥ. Ʉɚɪɢɦɨɜɚ, Ɂ.ɋ. Ʉɚɪɚɟɜɚ,  Ɍ.Ɉ. Ƚɚɯɪɚɦɚɧɨɜ 166 

ɐɂɌɈɌɈɄɋɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ ɇȿɄɈɌɈɊɕɏ ɉɊȿȾɋɌȺȼɂɌȿɅȿɃ 2-

ɈɄɋɈɉɂɊɂȾɂɇ-3,4-ȾɂɄȺɊȻɈɇɂɌɊɂɅɈȼ 
Ʉ.ȼ. Ʌɢɩɢɧ 168 

ɋɂɇɌȿɁ ɉɊɈɂɁȼɈȾɇɕɏ ɍɊȺɐɂɅɈȼ ɋ ȺɇɌɂȻȺɄɌȿɊɂȺɅɖɇɕɆɂ ɋȼɈɃɋɌȼȺɆɂ 
ɗɥ.ɒ. Ɇɚɦɟɞɨɜ, Ⱦ.ɋ. ȼɟɥɢɟɜɚ, Ɍ.ɇ. Ʉɭɥɢɛɟɤɨɜɚ, ɋ.ɗ. Ƚɭɫɟɣɧɨɜɚ, Ɂ.ɋ. ɋɚɮɚɪɚɥɢɟɜɚ, ɋ.Ⱦ. Ⱦɚɞɚɲɟɜɚ 170 

ȺɇɌɂɈɄɋɂȾȺɇɌɇȺə ȺɄɌɂȼɇɈɋɌɖ ɗɄɋɌɊȺɄɌɈȼ ɅȿɄȺɊɋɌȼȿɇɇɕɏ ɊȺɋɌȿɇɂɃ 

ɇ.ȿ. Ɇɨɫɤɜɢɬɢɧɚ, ɋ.ȼ. ɋɚɞɥɨɜɫɤɢɣ, Ȼ.ɇ. Ȼɚɠɟɧɨɜ 172 

ɋɂɇɌȿɁ ɂ ȻɂɈɏɂɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ 5-ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ 2-ɌɂɈ-6-ȺɁȺ-

2’-ȾȿɁɈɄɋɂɍɊɂȾɂɇɈȼ 
ɋ.Ⱦ. ɇɟɝɪɹ, Ɉ.ȼ. ȿɮɪɟɦɟɧɤɨɜɚ, ɂ.Ʌ. Ʉɚɪɩɟɧɤɨ, ɋ.ɇ. Ʉɨɱɟɬɤɨɜ, Ʌ.Ⱥ. Ⱥɥɟɤɫɚɧɞɪɨɜɚ 175 

ɉɈɋɌȺɇɈȼɄȺ ɆȿɌɈȾȺ ɎɅɍɈɊȿɋɐȿɌɇɈȽɈ Ɇȿɑȿɇɂə ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɈȽɈ 
ɆɈɇɈɇɍɄɅȿɈɌɂȾȺ 5-(ȺɆɂɇȺɅɅɂɅ)-2´-ȾȿɁɈɄɋɂɍɊɂȾɂɇ-5´-ɌɊɂɎɈɋɎȺɌȺ 
ȺɄɌɂȼɂɊɈȼȺɇɇɕɆ N-ȽɂȾɊɈɄɋɂɋɍɄɐɂɆɂȾɇɕɆ ɗɎɂɊɈɆ 
Ⱥ.ȼ. ɉɚɧɮɢɥɨɜ, ɘ.Ɇ. Ʉɨɧɫɬɚɧɬɢɧɨɜ, Ɇ.ȼ. Ʉɭɥɢɧɱɟɧɤɨ 177 

ȻɂɈɅɈȽɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ ɇȺɇɈɄɈɆɉɈɁɂɌɈȼ ɋȿɅȿɇȺ ɂ 
ȺɊȺȻɂɇɈȽȺɅȺɄɌȺɇȺ 
Ⱥ.ɂ. ɉɟɪɮɢɥɶɟɜɚ, ɂ.ȼ. Ʉɥɢɦɟɧɤɨɜ, ɂ.Ⱥ. Ƚɪɚɫɤɨɜɚ, Ȼ.Ƚ. ɋɭɯɨɜ 179 

ȼɈȾɈɊȺɋɌȼɈɊɂɆɕȿ ɅɘɆɂɇȿɋɐȿɇɌɇɕȿ ɆȺɌȿɊɂȺɅɕ ɇȺ ɈɋɇɈȼȿ 
ɄɅȺɋɌȿɊɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɆɈɅɂȻȾȿɇȺ 
ȿ.ȼ. ɋɜɟɠɟɧɰɟɜɚ, ɘ.Ⱥ. ȼɨɪɨɬɧɢɤɨɜ, Ⱥ.Ɉ. ɋɨɥɨɜɶɟɜɚ, Ɇ.Ⱥ. ɒɟɫɬɨɩɚɥɨɜ, ɘ.ȼ. Ɇɢɪɨɧɨɜ 181 

ɎɂɌɈɋɌȿɊɂɇɈȼɕɃ ɉɊɈɎɂɅɖ ɌɄȺɇȿɃ IN VITRO ɇȿɄɈɌɈɊɕɏ ɏȼɈɃɇɕɏ   
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ɇ.ȼ. ɋɟɦёɧɨɜɚ, ȼ.ɇ. ɒɦɚɤɨɜ, Ʌ.ȼ. Ⱦɭɞɚɪɟɜɚ 183 

ɋɂɇɌȿɁ ɂ ȻɂɈɊȺɋɉɊȿȾȿɅȿɇɂȿ ȽȿɌȿɊɈȽȿɇɇɕɏ 

ɋɌɊɍɄɌɍɊɇɈ-ɈɊȽȺɇɂɁɈȼȺɇɇɕɏ ȽɅɂɄɈɄɈɇɔɘȽȺɌɈȼ 
Ɋ.Ɋ. ɋɢɛɝɚɬɭɥɥɢɧɚ, Ʌ.Ɂ. Ʌɚɬɵɩɨɜɚ, Ⱥ. Ɉɝɭɪɚ, Ʉ. Ɏɭɞɠɢɤɢ, Ⱥ.Ɇ. ɏɚɛɢɛɪɚɯɦɚɧɨɜɚ, Ɍ. Ɍɚɯɚɪɚ, ɋ. ɇɨɡɚɤɢ, 
ɋ. ɍɪɚɧɨ, ɏ. Ɉɧɨɟ, ə. ȼɚɬɚɧɚɛɟ, Ʉ. Ɍɚɧɚɤɚ, Ⱥ.Ɋ. Ʉɭɪɛɚɧɝɚɥɢɟɜɚ 185 

ɋɂɇɌȿɁ ɇɈȼɕɏ ȻɂɈɅɈȽɂɑȿɋɄɂ-ȺɄɌɂȼɇɕɏ ɋɌɊɍɄɌɍɊ, ɋɈȾȿɊɀȺɓɂɏ 3-

ɎȿɇɈɄɋɂɎȿɇɂɅɖɇɕɃ ɎɊȺȽɆȿɇɌ 
Ɇ.ȼ. ɋɢɧɸɤ, ɘ.ȼ. ɉɨɩɨɜ, Ɍ.Ʉ. Ʉɨɪɱɚɝɢɧɚ, ȼ.ɋ. Ʌɨɛɚɫɟɧɤɨ, ɋ.ȼ. Ⱥɧɢɤɟɟɜɚ 188 

ɋɂɇɌȿɁ ɇɈȼɕɏ ɉɊɈɂɁȼɈȾɇɕɏ ɇɍɄɅȿɈɁɂȾɈȼ ɋ ȺɄɌɂȼɇɈɋɌɖɘ ɉɊɈɌɂȼ ȼɂɑ 
ɂ ȾɊɍȽɂɏ ȼɂɊɍɋɈȼ ɑȿɅɈȼȿɄȺ 
ɉ.ɇ. ɋɨɥɶɟɜ, Ɇ.Ʉ. Ʉɭɯɚɧɨɜɚ, Ɇ.ȼ. əɫɶɤɨ, ɋ.ɇ. Ʉɨɱɟɬɤɨɜ 189 

ȺȾȾɂɌɂȼɇɈȿ ȼɅɂəɇɂȿ ɗɄɈɅȺɊɂɄɋȺ ɂ ɌɆ ɇȺ ɍȾȿɅɖɇɍɘ ȺɄɌɂȼɇɈɋɌɖ 
ɊɂȻɈɇɍɄɅȿȺɁ ɄɍɅɖɌɍɊɇɈɃ ɋɈɂ 
Ɉ.Ⱥ. Ɍɟɪɟɯɨɜɚ, Ʌ.ȿ. ɂɜɚɱɟɧɤɨ, ɋ.ɂ. Ʌɚɜɪɟɧɬɶɟɜɚ 192 

ɇɈȼɕȿ ɉɊɈɂɁȼɈȾɇɕȿ α-ɌɈɄɈɎȿɊɂɅ ɋɍɄɐɂɇȺɌȺ ɄȺɄ ɉɈɌȿɇɐɂȺɅɖɇɕȿ 
ȺɇɌɂɈɄɂɋɅɂɌȿɅɖɇɕȿ ȺȽȿɇɌɕ 
Ɍ.ɋ. Ɏɪɨɥɨɜɚ, Ɉ.ɂ. ɋɢɧɢɰɢɧɚ, Ɍ.Ƚ. Ɍɨɥɫɬɢɤɨɜɚ, ɘ.ȼ. ɘɲɤɨɜɚ 194 

ɁȺȼɂɋɂɆɈɋɌɖ ȺɇɌɂɈɄɋɂȾȺɇɌɇɈɃ ȺɄɌɂȼɇɈɋɌɂ ȾɂȽɂȾɊɈɄȼȿɊɐȿɌɂɇȺ ɂ 
ȺɋɄɈɊȻɂɇɈȼɈɃ ɄɂɋɅɈɌɕ ɈɌ ɌȿɆɉȿɊȺɌɍɊɕ 
Ɉ.ȼ. ɒɚɛɚɥɢɧɚ, Ⱥ.ɋ. Ɉɛɥɢɡɚɧɨɜɚ, Ȼ.ɇ. Ȼɚɠɟɧɨɜ 195 

ɄɈɇɖɘȽȺɌɕ ɄɋɂɆȿȾɈɇȺ ɋ ɇȿɄɈɌɈɊɕɆɂ ȻɂɈȽȿɇɇɕɆɂ ɄɂɋɅɈɌȺɆɂ: 
ɋɂɇɌȿɁ ɂ ȽȿɉȺɌɈɉɊɈɌȿɄɌɈɊɇɕȿ ɋȼɈɃɋɌȼȺ 
Ɇ.ɋ. ɒɚɲɢɧ, ɂ.ȼ. Ƚɚɥɹɦɟɬɞɢɧɨɜɚ, ȼ.ɗ. ɋɟɦɟɧɨɜ, ȼ.ȼ. Ɂɨɛɨɜ, Ⱥ.Ȼ. ȼɵɲɬɚɤɚɥɸɤ, Ʌ.Ɏ. Ƚɭɦɚɪɨɜɚ, 
Ⱥ.Ɍ. Ƚɭɛɚɣɞɭɥɥɢɧ, ɒ.Ʉ. Ʌɚɬɵɩɨɜ 196 

ɋɂɇɌȿɁ ɂ ȺɇɌɂɆɂɄɊɈȻɇȺə ȺɄɌɂȼɇɈɋɌɖ 5-(ȺɊɂɅɆȿɌɂɅɂȾȿɇ)-2,4,6-

ɉɂɊɂɆɂȾɂɇ-2,4,6(1ɇ,3ɇ,5ɇ)-ɌɊɂɈɇɈȼ 
ȿ.Ⱥ. ɘɪɬɚɟɜɚ, Ⱥ.Ƚ. Ɍɵɪɤɨɜ, ɋ.Ⱥ. Ʌɭɠɧɨɜɚ, ɇ.Ɇ. Ƚɚɛɢɬɨɜɚ 198 

ɋɂɇɌȿɁ ɂɈɇɇɕɏ ȽɂȻɊɂȾɇɕɏ ȻɂɈɅɈȽɂɑȿɋɄɂ ȺɄɌɂȼɇɕɏ ɋɈȿȾɂɇȿɇɂɃ ɇȺ 
ɈɋɇɈȼȿ ɋɍɄɐɂɇȺɌɈȼ ɌɊɈɅɈɄɋȺ 
ɘ.ȼ. ɘɲɤɨɜɚ, ȿ.ɂ. ɑɟɪɧɹɤ, ɋ.ȼ. Ɇɨɪɨɡɨɜ, ɂ.Ⱥ. Ƚɪɢɝɨɪɶɟɜ 200 

ɋɂɇɌȿɁ ɂ ɋɊȺȼɇɂɌȿɅɖɇȺə ɈɐȿɇɄȺ ȺɇɌɂ-ȼɂɑ-1-ȺɄɌɂȼɇɈɋɌɂ ɇɈȼɕɏ 
ɎɍɇɄɐɂɈɇȺɅɖɇɕɏ ɉɊɈɂɁȼɈȾɇɕɏ ɂɁɈɐɂɌɈɁɂɇȺ ɂ 2-ɌɂɈɌɂɆɂɇȺ 
Ⱥ.ɋ. əɛɥɨɤɨɜ, Ɇ.Ȼ. ɇɚɜɪɨɰɤɢɣ, Ⱥ.ɋ. Ȼɚɛɭɲɤɢɧ, Ⱥ.Ⱥ. ȼɟɪɧɢɝɨɪɚ, Ⱥ.ɋ. Ɇɤɪɬɱɹɧ, A. Mai, D. Schols, J.A. Esté, 
ɂ.Ⱥ. ɇɨɜɚɤɨɜ, D. Rotili, G. Maga 202 

THE USE OF ANTIOXIDANTS IN ARTIFICIAL REPRODUCTION OF FISH 
A.D. Osipova, V.P. Osipova, N.T. Berberova, S.A. Nurmuhambetova 203 

ɋɟɤɰɢя 3. Ɏɢɡɢɱɟɫɤɚя ɯɢɦɢя 
ɇɈȼɕȿ ȼɕɋɈɄɈɗɎɎȿɄɌɂȼɇɕȿ ɉȺɅɅȺȾɂȿȼɕȿ ɄȺɌȺɅɂɁȺɌɈɊɕ ȾɅə 
ɋȿɅȿɄɌɂȼɇɈȽɈ ȽɂȾɊɈȺɆɂɇɂɊɈȼȺɇɂə ɋɌɂɊɈɅȺ 
Ⱦ.Ɉ. Ⱥɪɟɧɬɨɜ, Ɇ.ȼ. Ȼɵɤɨɜ, Ⱦ.ɋ. ɋɭɫɥɨɜ 206 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɄȺɌȺɅɂɌɂɑȿɋɄɈɃ ȺɄɌɂȼɇɈɋɌɂ ɇɂɄȿɅɖɋɈȾȿɊɀȺɓɂɏ 
ɄȺɌȺɅɂɁȺɌɈɊɈȼ ȼ ɉɊɈɐȿɋɋȿ ɊȺɁɅɈɀȿɇɂə ɆȿɌȺɇȺ 
Ɇ.ȼ. Ⱥɪɯɢɩɨɜɚ, Ɇ.ȼ. ɉɨɩɨɜ, Ƚ.Ƚ. Ʉɭɜɲɢɧɨɜ 209 

ɇɍɄɅȿɈɎɂɅɖɇɈȿ ɉɊɂɋɈȿȾɂɇȿɇɂȿ ȺɐȿɌɈɎȿɇɈɇȺ Ʉ 
ɆȿɌɂɅɉɊɈɉȺɊȽɂɅɈȼɈɆɍ ɂ ɆȿɌɂɅȺɅɅȿɇɂɅɈȼɈɆɍ ɗɎɂɊȺɆ: 
ɄȼȺɇɌɈȼɈɏɂɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ 
Ⱥ.ɋ. Ȼɨɛɤɨɜ 211 

ɋɌȺȻɂɅɂɁȺɐɂə ɄȼȺɇɌɈȼɕɏ ɌɈɑȿɄ ɋɍɉɊȺɆɈɅȿɄɍɅəɊɇɕɆɂ ɋɂɋɌȿɆȺɆɂ 
ɇȺ ɈɋɇɈȼȿ ȺɆɎɂɎɂɅɖɇɕɏ ɋɈȿȾɂɇȿɇɂɃ ɂ ɉɈɅɂɗɅȿɄɌɊɈɅɂɌɈȼ 
Ⱥ.Ɇ. Ȼɟɤɦɭɯɚɦɟɬɨɜɚ, Ɋ.Ɋ. Ʉɚɲɚɩɨɜ, ɗ.Ⱥ.ȼɚɫɢɥɶɟɜɚ, Ʌ.ə. Ɂɚɯɚɪɨɜɚ 214 

ɆɂɐȿɅəɊɇɕɃ ɄȺɌȺɅɂɌɂɑȿɋɄɂɃ ɆɂɄɊɈɊȿȺɄɌɈɊ ɈɄɂɋɅɂɌȿɅɖɇɈɃ  



ȻɒɄɏ – 2017                                                                     ɋɨɞɟɪɠɚɧɢɟ 

 9 

ɌɊȺɇɋɎɈɊɆȺɐɂɂ ɍȽɅȿȼɈȾɈɊɈȾɈȼ ɂ ɊȺɁɅɈɀȿɇɂə ȽɂȾɊɈɉȿɊɈɄɋɂȾɈȼ 
ɇ.Ɇ. Ƚɚɫɚɧɝɭɥɢɟɜɚ, Ⱥ.Ɇ. Ʉɚɲɤɚɣ, Ɉ.Ɍ. Ʉɚɫɚɢɤɢɧɚ 

 
216 

ɉɈȼȿȾȿɇɂȿ ȻɂɇȺɊɇɕɏ ɋɆȿɋȿɃ ɇɉȺȼ ɂ ȺɉȺȼ ɇȺ ɊȺɁɅɂɑɇɕɏ ȽɊȺɇɂɐȺɏ 
ɊȺɁȾȿɅȺ ɎȺɁ 
Ⱥ.ɉ. Ⱦɪɟɦɭɤ 218 

ȼɅɂəɇɂȿ ɌȿɆɉȿɊȺɌɍɊɕ ɇȺ ɗɅȿɄɌɊɈɏɂɆɂɑȿɋɄɍɘ ȺɄɌɂȼɇɈɋɌɖ (TiCr1,8)80V20 

ɢ (TiCr1,8)80V20+Zr7Ni10 ɋɉɅȺȼɈȼ ȼ ɊȿȺɄɐɂɂ ȼɕȾȿɅȿɇɂə ȼɈȾɈɊɈȾȺ 
Ɇ.ȼ. ȿɪɠɟɧɤɨɜ, Ⱥ.Ⱥ. Ɇɢɪɨɧɨɜɚ, ɇ.Ⱥ. Ɇɟɞɜɟɞɟɜɚ, ɇ.ȿ. ɋɤɪɹɛɢɧɚ, D. Fruchart 220 

ɄȼȺɇɌɈȼɈɏɂɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɄɈɇɄɍɊɂɊɍɘɓɂɏ ɊȿȺɄɐɂɃ 
ɉɊɂɋɈȿȾɂɇȿɇɂə ɗɌɂɇɂȾ- ɂ ȿɇɈɅəɌ-ɂɈɇɈȼ Ʉ α,β-ɇȿɇȺɋɕɓȿɇɇɕɆ 
ɄȿɌɈɇȺɆ  
Ⱦ.ȼ. Ɂɚɧɤɨɜ, ȼ.Ȼ. Ɉɪɟɥ 222 

ɄȺɌȺɅɂɌɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ ɆȿȾɇɈ-ɉɈɅɂɆȿɊɇɈȽɈ ɇȺɇɈɄɈɆɉɈɁɂɌȺ ȼ 
ɋɂɇɌȿɁȿ 1,4-ȾɂɎȿɇɂɅȻɍɌȺȾɂɂɇȺ-1,3 
Ⱥ.ȼ. Ɂɭɪɚɟɜ, ɘ.ȼ. Ƚɪɢɝɨɪɶɟɜ, ɉ.Ɉ. Ⱦɭɞɱɟɧɤɨ 225 

ɄɈɆɉɅȿɄɋɕ ȺɅɄɂɅɂɊɈȼȺɇɇɕɏ ɉɊɈɂɁȼɈȾɇɕɏ1,4-

ȾɂȺɁȺȻɂɐɂɄɅɈ[2.2.2]ɈɄɌȺɇȺ ɋ ɇɂɌɊȺɌɈɆ ɅȺɇɌȺɇȺ. ɋɂɇɌȿɁ ɂ ɋȼɈɃɋɌȼȺ 
Ɇ.Ɋ. ɂɛɚɬɭɥɥɢɧɚ, ȿ.ɉ. ɀɢɥɶɰɨɜɚ, ɋ.ɋ. Ʌɭɤɚɲɟɧɤɨ, Ɇ.Ɇ. Ⱥɧɭɚɪ, Ʌ.ə. Ɂɚɯɚɪɨɜɚ 227 

ɈɋɈȻȿɇɇɈɋɌɂ ɆɂɐȿɅɅɈɈȻɊȺɁɈȼȺɇɂə ɂ ɋɈɅɘȻɂɅɂɁȺɐɂɂ ȼ 
ɂɇȾɂȼɂȾɍȺɅɖɇɕɏ ɂ ɋɆȿɒȺɇɇɕɏ ɊȺɋɌȼɈɊȺɏ ɉɈȼȿɊɏɇɈɋɌɇɈ-ȺɄɌɂȼɇɕɏ 
ȼȿɓȿɋɌȼ 
ȿ.ɉ. ɂɥɸɬɢɤɨɜɚ, Ⱥ.ɉ. Ⱦɪɟɦɭɤ 229 

ɂɁɍɑȿɇɂȿ ɆȿɀɎȺɁɇɈȽɈ ȼɁȺɂɆɈȾȿɃɋɌȼɂə ȼ ɆȺȽɇɂɌɈɇȺɉɈɅɇȿɇɇɕɏ 
ɄɈɆɉɈɁɂɌȺɏ ɇȺ ɈɋɇɈȼȿ ɗɉɈɄɋɂȾɇɈɃ ɋɆɈɅɕ 
Ɋ.ȼ. Ʉɪɟɯɧɨ, Ⱥ.ɉ. ɋɚɮɪɨɧɨɜ, Ⱥ.ɂ. Ȼɟɤɟɬɨɜɚ, ɂ.ȼ. Ȼɟɤɟɬɨɜ 231 

ɉɈɅɍɑȿɇɂȿ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɋȼɈɃɋɌȼ ɆɇɈȽɈɄɈɆɉɈɇȿɇɌɇɈɃ ɄȿɊȺɆɂɄɂ 
ɇȺ ɈɋɇɈȼȿ ȼȺɇȺȾȺɌȺ ȼɂɋɆɍɌȺ 
Ⱥ.Ⱥ. Ʉɪɵɥɨɜ, ɘ.ȼ. ȿɦɟɥɶɹɧɨɜɚ, ȿ.ɋ. Ȼɭɹɧɨɜɚ 233 

ɈɄɂɋɅȿɇɂȿ əȻɅɈɑɇɈȽɈ ɉȿɄɌɂɇȺ ɈɁɈɇ-ɄɂɋɅɈɊɈȾɇɈɃ ɋɆȿɋɖɘ. 
ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ 
Ƚ.Ƚ. Ʉɭɬɥɭɝɢɥɶɞɢɧɚ, ɘ.ɋ. Ɂɢɦɢɧ 236 

ɂɋɋɅȿȾɈȼȺɇɂȿ ȾɂɎɎȿɊȿɇɐɂȺɅɖɇɈɃ ɋȿɅȿɄɌɂȼɇɈɋɌɂ ɊȿȺɄɐɂɂ ɉɊəɆɈȽɈ 
ȺɊɂɅɂɊɈȼȺɇɂə ɂɇȾɈɅȺ ɂɈȾȻȿɇɁɈɅɈɆ 
ȿ.ȼ. Ʌɚɪɢɧɚ, ȿ.ȼ. əɪɨɲ, ɇ.Ⱥ. Ʌɚɝɨɞɚ, Ⱦ.Ⱥ. ɒɚɪɢɩɨɜɚ, Ⱥ.Ⱥ. Ʉɭɪɨɯɬɢɧɚ, Ⱥ.Ɏ. ɒɦɢɞɬ 237 

ɋɍɅɖɎɈɇɂɅɂɊɈȼȺɇɂȿ ȺɊɈɆȺɌɂɑȿɋɄɂɏ ɍȽɅȿȼɈȾɈɊɈȾɈȼ ɄȺɄ ɎɍɇɄɐɂə 
ɆɈɅȿɄɍɅəɊɇɈȽɈ ɗɅȿɄɌɊɈɋɌȺɌɂɑȿɋɄɈȽɈ ɉɈɌȿɇɐɂȺɅȺ ɊȿȺɄɐɂɈɇɇɈȽɈ 
ɐȿɇɌɊȺ 
ɋ.ȼ. Ɇɚɫɥɨɜɚ, ȿ.ɇ. Ʉɪɵɥɨɜ 239 

ɋɍɉɊȺɆɈɅȿɄɍɅəɊɇɕȿ ɇȺɇɈɄɈɇɌȿɃɇȿɊɕ ȾɅə ɇɈȼɕɏ ɉɊɈɂɁȼɈȾɇɕɏ 
ɏɂɇɈɄɋȺɅɂɇȺ 
Ⱥ.Ȼ. Ɇɢɪɝɨɪɨɞɫɤɚɹ, Ɏ.Ƚ. ȼɚɥɟɟɜɚ, Ʌ.ȼ. Ɇɭɫɬɚɤɢɦɨɜɚ, Ɇ.Ɋ. ɂɛɚɬɭɥɥɢɧɚ, Ʌ.ə. Ɂɚɯɚɪɨɜɚ, ȼ.Ⱥ. Ɇɚɦɟɞɨɜ, 
Ɉ.Ƚ. ɋɢɧɹɲɢɧ 242 

ȽɂȾɊɈɅɂɁ ȺɊɂɅɋɍɅɖɎɈɇɂɅɏɅɈɊɂȾɈȼ  ɄȺɄ ɎɍɇɄɐɂə ɄȼȺɇɌɈȼɈ-

ɏɂɆɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ ɊȿȺɄɐɂɈɇɇɈȽɈ ɐȿɇɌɊȺ 
Ⱥ.ɂ. Ɇɨɪɚɪɶ, ȿ.ɇ. Ʉɪɵɥɨɜ 244 

ȼɅɂəɇɂȿ ȽɈɆɈȽȿɇɇɈȽɈ ɂ ȽȿɌȿɊɈȽȿɇɇɈȽɈ ȾɈɉɂɊɈȼȺɇɂə ɇȺ 
ɉɊɈȼɈȾɂɆɈɋɌɖ ɎȺɁ ɋȿɆȿɃɋɌȼȺ LAMOX 
Ƚ.ɋ. ɉɚɪɬɢɧ, ɂ.ȿ. Ⱥɧɢɦɢɰɚ 247 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɊȿɈɅɈȽɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ ɈȻɊȺɌɇɕɏ ɗɆɍɅɖɋɂɃ ȼ 
ɉɊɂɋɍɌɋɌȼɂɂ ɄȺɅɖɐɂȿȼɕɏ ɆɕɅ ɀɂɊɇɕɏ ɄɂɋɅɈɌ 
Ⱦ.Ɋ. ɋɚɞɵɤɨɜɚ, ȿ.Ⱥ. ɒɚɛɚɥɨɜɫɤɚɹ, ɇ.ɇ. Ɍɨɦɱɭɤ 249 

ȺɇɌȺȽɈɇɂɋɌɂɑȿɋɄɈȿ ȼɅɂəɇɂȿ ɂɈɇɇɕɏ ɉȺɊ ɂ ȼɈȾɈɊɈȾɇɕɏ ɋȼəɁȿɃ ɇȺ  
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ɋɈɅɖȼȺɌȺɐɂɈɇɇɕȿ ɋȼɈɃɋɌȼȺ ɉɊɈɌɈɇɇɕɏ ɂɈɇɇɕɏ ɀɂȾɄɈɋɌȿɃ 
ɂ.Ⱥ. ɋɟɞɨɜ, Ɍ.ɂ. Ɇɚɝɫɭɦɨɜ, Ɍ.Ɇ. ɋɚɥɢɤɨɜ 

 
250 

ɉɈȾȻɈɊ ɈɉɌɂɆȺɅɖɇɈȽɈ ɋɈɈɌɇɈɒȿɇɂə ɋɆȿɒȺɇɇɈȽɈ ɋɌȺȻɂɅɂɁȺɌɈɊȺ 
ɆɈȾȿɅɖɇɈɃ ɄɈɋɆȿɌɂɑȿɋɄɈɃ ɗɆɍɅɖɋɂɂ 
ȿ.ȼ. Ɍɨɥɦɚɱɟɜɚ, Ⱥ.ɉ. Ⱦɪɟɦɭɤ 252 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɉɈɊɂɋɌɕɏ ɍȽɅȿɊɈȾɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ȾɅə 
ɋɍɉȿɊɄɈɇȾȿɇɋȺɌɈɊɈȼ 
Ɇ.ɋ. Ɍɨɳɟɜɢɤɨɜɚ, Ɇ.ȼ. ɉɨɩɨɜ, Ⱥ.Ƚ. Ȼɚɧɧɨɜ, ɋ.ɂ. ɘɫɢɧ, ȼ.ȼ. Ʉɨɪɨɛɨɱɤɢɧ, ɇɝɭɟɧ Ɇɚɧɶ ɏɢɟɭ 255 

ɄɊɂɋɌȺɅɅɂɑȿɋɄȺə ɋɌɊɍɄɌɍɊȺ, ɏɂɆɂɑȿɋɄȺə ȾȿɎɈɊɆȺɐɂə ɂ 
ɇɂɁɄɈɌȿɆɉȿɊȺɌɍɊɇȺə ȺȻɋɈɊȻɐɂə ɄɂɋɅɈɊɈȾȺ ɋɅɈɀɇɕɏ ɈɄɋɂȾɈȼ 
YBaCo4-xZnxO7+δ (x = 0–3) ɋɈ ɋɌɊɍɄɌɍɊɈɃ ɋȼȿȾȿɇȻɈɊȽɂɌȺ 
ɇ.ɋ. ɐɜɟɬɤɨɜɚ, Ⱦ.ɋ. ɐɜɟɬɤɨɜ, ɂ.Ʌ. ɂɜɚɧɨɜ, Ⱥ.ɘ. Ɂɭɟɜ 257 

ɎɂɁɂɄɈ-ɏɂɆɂɑȿɋɄɂȿ ɂ ɄȺɌȺɅɂɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɌɊȿɏɆȿɊɇɕɏ 
ɄȺɊɄȺɋɇɕɏ ɎɈɋɎȺɌɈȼ ɋS-Co-Zr2(PO4)3 ɌɂɉȺ NASICON ȼ ɉɊȿȼɊȺɓȿɇɂəɏ 
ɂɁɈȻɍɌȺɇɈɅȺ 
Ɇ.ɇ. ɑɟɪɧɵɲɟɜɚ, Ʌ.Ⱦ. Ʉɨɥɟɜɚ, Ⱥ.ɂ. ɉɵɥɢɧɢɧɚ 260 

ȺɆɉɅɂɌɍȾɕ ȼɇɍɌɊɂɆɈɅȿɄɍɅəɊɇɕɏ ɄɈɅȿȻȺɇɂɃ ɂ ɑȿɌɇɈ-ɇȿɑȿɌɇɕɃ 
ɗɎɎȿɄɌ ȼ ɉ-ɇ-ȺɅɄɂɅɈɄɋɂȻȿɇɁɈɃɇɕɏ ɄɂɋɅɈɌȺɏ 
Ʉ.ȿ. ɒɩɢɥɟɜɚɹ, ɇ.ɂ. Ƚɢɪɢɱɟɜɚ 261 

ɄȼȺɇɌɈȼɈ-ɏɂɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɂ ɋɉȿɄɌɊȺɅɖɇɕɏ 
ɋȼɈɃɋɌȼ ɄɈɆɉɅȿɄɋɈȼ ȺɆɂɇɈɄɂɋɅɈɌ ɂ ɎɈɋɎɈɅɂɉɂȾɈȼ ɋ ɄȺɌɂɈɇȺɆɂ 
ɌəɀȿɅɕɏ ɆȿɌȺɅɅɈȼ 
Ⱥ.ɋ. ɓɟɩɢɧ, ɇ.ɇ. Ɉɝɭɪɰɨɜ, Ⱥ.Ʉ. ɍɮɢɦɨɜɚ 264 

ɄɈɆɉɅȿɄɋɇɈȿ ɄɂɇȿɌɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɉɊɈɐȿɋɋɈȼ ɉɊȿȼɊȺɓȿɇɂə 
ɄȺɌȺɅɂɁȺɌɈɊȺ ȼ ɊȿȺɄɐɂɂ ɏȿɄȺ ɋ ȺɇȽɂȾɊɂȾȺɆɂ ȺɊɈɆȺɌɂɑȿɋɄɂɏ ɄɂɋɅɈɌ 
ȿ.ȼ. əɪɨɲ, Ⱦ.Ⱥ. ɒɚɪɢɩɨɜɚ, ɇ.Ⱥ. Ʌɚɝɨɞɚ, ȿ.ȼ. Ʌɚɪɢɧɚ, Ⱥ.Ⱥ. Ʉɭɪɨɯɬɢɧɚ, Ⱥ.Ɏ. ɒɦɢɞɬ 266 

ɋɟɤɰɢя 4. ɇɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ 
ɈɉɊȿȾȿɅȿɇɂȿ ɆɂɄɊɈɄɈɅɂɑȿɋȼ ɀȿɅȿɁȺ ȼ ɎɊɍɄɌȺɏ ɋ 3-((2-

ȽɂȾɊɈɄɋɂɎȿɇɂɅ)ȾɂȺɁȿɇɂɅ)ɉȿɇɌȺȾɂɈɇɈɆ-2,4 ɂ ȽɂȾɊɈɎɈȻɇɕɆɂ 
ȺɆɂɇȺɆɂ 
Ⱥ.ɘ. Ⱥɛɢɟɜɚ, ɏ.Ⱦ. ɇɚɝɢɟɜ, Ɋ.Ⱥ. Ⱥɥɢɟɜɚ, Ƚ.Ƚ. Ƚɸɥɥɹɪɥɢ, Ɇ.Ɏ. Ɇɚɦɟɞɨɜɚ 268 

ɋɉȿɄɌɊɈɎɈɌɈɆȿɌɊɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɈȼȺɇɂə 
ɆȿȾɂ (II) ɂ ɀȿɅȿɁȺ (III) ɋ 1-ɎȿɇɂɅ-2-[2-ȽɂȾɊɈɄɋɂ-3-ɋɍɅɖɎɈ-5-

ɇɂɌɊɈɎȿɇɂɅȺɁɈ] ȻɍɌȺȾɂɈɇ-1,3 ɂ 1-ɎȿɇɂɅ-2-[2-ȽɂȾɊɈɄɋɂ-ɎȿɇɂɅȺɁɈ] 
ȻɍɌȺȾɂɈɇ-1,3 ȼ ɉɊɂɋɍɌɋɌȼɂɂ ɌɊȿɌɖȿȽɈ ɄɈɆɉɈɇȿɇɌȺ 
Ɋ.Ⱥ. Ⱥɥɢɟɜɚ, Ɏ.Ɇ. ɑɵɪɚɝɨɜ, Ⱥ.ȼ. Ⱥɣɜɚɡɨɜɚ, Ƚ.Ƚ. Ƚɸɥɥɟɪɥɢ 270 

ȾȼɈɃɇɈȿ ȾɈɉɂɊɈȼȺɇɂȿ ɆɈɅɂȻȾȺɌȺ ȼɂɋɆɍɌȺ: ɋɂɇɌȿɁ ɂ ȺɌɌȿɋɌȺɐɂə 
ɌȼȿɊȾɕɏ ɊȺɋɌȼɈɊɈȼ Bi13-xAxMo5-yByO34±δ (A ‒ Ba, Mn; B ‒ V, Co, W, Fe) 
Ʉ.ȼ. Ⱥɪɢɲɢɧɚ, Ⱥ.Ⱥ. ɇɢɤɢɬɢɧɚ, Ⱥ.ȼ. Ʉɥɢɦɨɜɚ, Ɂ.Ⱥ. Ɇɢɯɚɣɥɨɜɫɤɚɹ 272 

ɉɊȿɉȺɊȺɌɂȼɇɈȿ ȼɕȾȿɅȿɇɂȿ ɄɈɆɉɅȿɄɋɇɕɏ ɋɈȿȾɂɇȿɇɂɃ ɐɂɇɄȺ ɂ 
ɄȺȾɆɂə ɋ ȾɂȺɇɌɂɉɂɊɂɅɆȿɌȺɇɈɆ 
ɘ.ȿ. Ȼɭɪɰɟɜɚ, ȿ.ɇ. Ⱥɥɢɤɢɧɚ 275 

ɇɈȼɕɃ ɆȿɌɈȾ ɋɂɇɌȿɁȺ ȻɈɊɋɈȾȿɊɀȺɓɂɏ ɂɆɂɇɈȼ 
ȼ.ȼ. ȼɨɢɧɨɜɚ, Ⱥ.ɉ. ɀɞɚɧɨɜ, Ʉ.ɘ. ɀɢɠɢɧ 277 

ɆȿɏȺɇɈɏɂɆɂɑȿɋɄɈȿ ɍȾȺɅȿɇɂȿ ɇȺɄɂɉɇɕɏ ɈɌɅɈɀȿɇɂɃ 
ȿ.ɋ. ȼɨɥɱɤɨɜɚ, ȼ.Ɇ. ɇɢɤɨɥɶɫɤɢɣ 278 

ɗɄɋɉɊȿɋɋɇɕɃ ɋɉɈɋɈȻ ɈɉɊȿȾȿɅȿɇɂə ɋȿɊɇɈȽɈ ȺɇȽɂȾɊɂȾȺ ȼ 
ɉɈɊɌɅȺɇȾɐȿɆȿɇɌȿ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɗɅȿɆȿɇɌɇɈȽɈ CHNS-ȺɇȺɅɂɁȺɌɈɊȺ 
Ⱦ.Ʌ. ȼɨɪɨɠɰɨɜ, Ɇ.ȼ. ɉɨɞɝɭɡɤɨɜɚ 279 

ɈɉɊȿȾȿɅȿɇɂȿ ɏɂɆɂɑȿɋɄɈȽɈ ɋɈɋɌȺȼȺ ɊȺɋɌɂɌȿɅɖɇɕɏ ɉɈɅɂɋȺɏȺɊɂȾɈȼ 
Ⱥ.ɋ. Ƚɚɲɟɜɫɤɚɹ, ȿ.ȼ. Ⱦɨɪɨɠɤɨ 281 
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ɋɈɁȾȺɇɂȿ ȽȺɁɈȼɕɏ ɋɊȿȾ ɋ ȼȺɊɖɂɊɍȿɆɕɆ ɂ ɄɈɇɌɊɈɅɂɊɍȿɆɕɆ 
ɋɈȾȿɊɀȺɇɂȿɆ ɄɈɊɊɈɁɂɈɇɇɈ-ȺȽɊȿɋɋɂȼɇɕɏ ɂɈɇɈȼ 
ȼ.Ⱥ. Ƚɨɥɨɜɚɧɨɜɚ, ȿ.Ⱥ. ɇɨɜɢɤɨɜɚ, ȿ.ɇ. Ɍɭɩɢɤɨɜɚ 284 

ɉɊɂɆȿɇȿɇɂȿ ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ ɗɅȿɄɌɊɈȾɈȼ ɇȺ ɈɋɇɈȼȿ ɍȽɅȿɊɈȾɇɕɏ 
ɑȿɊɇɂɅ ȾɅə ɈɉɊȿȾȿɅȿɇɂə ɋɈȾȿɊɀȺɇɂə ɏɈɅȿɋɌȿɊɂɇȺ ȼ ɉɂɓȿȼɕɏ 
ɉɊɈȾɍɄɌȺɏ 
Ʉ.ȼ. Ⱦёɪɢɧɚ, ȿ.Ʉ. Ɍɚɣɲɢɛɟɤɨɜɚ 286 

ɋɂɇɌȿɁ ɂ ɂɁɍɑȿɇɂȿ ɋɈɊȻɐɂɈɇɇɕɏ ɋȼɈɃɋɌȼ ɇȿɈɊȽȺɇɂɑȿɋɄɈȽɈ 
ɉɈɅɂɆȿɊȺ ɇȺ ɈɋɇɈȼȿ ɈɄɋɂȾȺ ɐɂɊɄɈɇɂə 
Ʌ.Ɇ. Ⱦɢɦɨɜɚ, Ⱦ.Ⱥ. Ɂɚɯɚɪɨɜɚ, Ɍ.ɂ. Ⱦɦɢɬɪɢɟɜɚ 289 

ȾɂɇȺɆɂɑȿɋɄɈȿ ɄɈɇɐȿɇɌɊɂɊɈȼȺɇɂȿ ɂɈɇɈȼ ɌəɀȿɅɕɏ ɆȿɌȺɅɅɈȼ 
ɎɍɇɄɐɂɈɇȺɅɂɁɂɊɈȼȺɇɇɕɆ ɉɈɅɂɋɂɅɈɄɋȺɇɈɆ 
ȿ.ɋ. Ⱦɦɢɬɪɢɟɜɚ, ɇ.ȼ. Ʌɚɤɢɡɚ 292 

ȾɍȽɈȼɈɃ ȺɌɈɆɇɈ-ɗɆɂɋɋɂɈɇɇɕɃ ɋɉȿɄɌɊȺɅɖɇɕɃ ȺɇȺɅɂɁ ɄȺɊɌɈɎȿɅə ɂ 
ɋɍȻɅɂɆɂɊɈȼȺɇɇɕɏ ɉɊɈȾɍɄɌɈȼ ɇȺ ɈɋɇɈȼȿ ɄȺɊɌɈɎȿɅə 
ȼ.Ⱥ. Ⱦɨɥɛɢɱ, ɋ.ɋ. ɋɚɜɢɧɨɜ 294 

ȺɇȺɅɂɁ ɒȿɊɋɌɂ ɋȿɅɖɋɄɈɏɈɁəɃɋɌȼȿɇɇɕɏ ɀɂȼɈɌɇɕɏ ɆȿɌɈȾɈɆ ɂɋɉ-Ⱥɗɋ 

Ⱥ.ɂ. Ⱦɨɪɨɝɢɧɚ 297 

ȾȿɊɂȼȺɌɂɁȺɐɂə ɄȺɊȻɈɇɂɅɖɇɕɏ ɋɈȿȾɂɇȿɇɂɃ ɋ ȼȼȿȾȿɇɂȿɆ 
ɎɂɄɋɂɊɈȼȺɇɇɈȽɈ ɁȺɊəȾȺ ȾɅə ɉɈɋɅȿȾɍɘɓȿȽɈ ȺɇȺɅɂɁȺ ɆȿɌɈȾɈɆ ɆȺɋɋ-

ɋɉȿɄɌɊɈɆȿɌɊɂɂ ɆȺɅȾɂ 
Ⱦ.ɂ. ɀɢɥɹɟɜ, Ɋ.ɋ. Ȼɨɪɢɫɨɜ 299 

ɗɄɋɌɊȺɄɐɂə ɂɈɇɈȼ ɆȿɌȺɅɅɈȼ Ɉ-ɎȿɇȺɇɌɊɈɅɂɇɈɆ ȼ ɊȺɋɋɅȺɂȼȺɘɓɂɏɋə 
ɋɂɋɌȿɆȺɏ ɇȺ ɈɋɇɈȼȿ ȺɉȺȼ ɂ ɇȿɈɊȽȺɇɂɑȿɋɄɂɏ ɄɂɋɅɈɌ 
ɋ.Ⱥ. Ɂɚɛɨɥɨɬɧɵɯ 301 

ɇɈȼɕɃ ɉɈȾɏɈȾ Ʉ ȺɇȺɅɂɁɍ ɉȺɊȺɅɂɌɂɑȿɋɄɂɏ ɌɈɄɋɂɇɈȼ ɆɈɅɅɘɋɄɈȼ ȼ 
ȻɂɈɅɈȽɂɑȿɋɄɂɏ ɈȻɔȿɄɌȺɏ ɆȿɌɈȾȺɆɂ MALDI ɂ LC/MS 
ɂ.ɇ. Ɂɭɛɤɨɜ, Ƚ.Ⱥ. Ɏɟɞɨɪɨɜɚ, Ⱥ.ȼ. Ʉɭɡɶɦɢɧ, Ɉ.ɂ. Ȼɟɥɵɯ 304 

ɊȿɇɌȽȿɇɈɄɈɇɌɊȺɋɌɇɕȿ ȼɈȾɈɊȺɋɌȼɈɊɂɆɕȿ ɈɄɌȺɗȾɊɂɑȿɋɄɂȿ 
ɄɅȺɋɌȿɊɇɕȿ ɄɈɆɉɅȿɄɋɕ Ɋȿɇɂə 
Ⱥ.Ⱥ. ɂɜɚɧɨɜ, Ʉ.Ⱥ. Ȼɪɵɥёɜ, ȼ.ɘ. Ɍɚɧɢ, Ɇ.Ⱥ. ɒɟɫɬɨɩɚɥɨɜ, ɘ.ȼ. Ɇɢɪɨɧɨɜ 306 

ɄɊɂɋɌȺɅɅɂɁȺɐɂə ɄɊȿɆɇɂȿȼɕɏ ɎȺɁ ɉɊɂ ȼȼȿȾȿɇɂɂ ɆɈȾɂɎɂɐɂɊɍɘɓȿɃ 
ɋɆȿɋɂ ȼ ɊȺɋɉɅȺȼ ɋɂɅɍɆɂɇȺ 
Ʌ.Ⱥ. Ʉɚɡɚɧɰɟɜɚ, Ɇ.ɉ. Ʉɚɥɚɲɧɢɤɨɜ, ɂ.Ⱥ. Ʉɭɪɡɢɧɚ 308 

ɉɊɂɆȿɇȿɇɂȿ ɏɊɈɆȺɌɈ-ȾȿɋɈɊȻɐɂɈɇɇɕɏ ɆɂɄɊɈɋɂɋɌȿɆ ȾɅə ɈɉɊȿȾȿɅȿɇɂə 

ȺɐȿɌɈɇȺ ȼ ȼɕȾɕɏȺȿɆɈɆ ȼɈɁȾɍɏȿ 
Ⱦ.Ⱦ. Ʉɚɪɚɩɟɬɹɧ, Ⱥ.ɗ. ɂɝɢɬɯɚɧɹɧ, ɂ.Ⱥ. ɉɥɚɬɨɧɨɜ, ɂ.ɇ. Ʉɨɥɟɫɧɢɱɟɧɤɨ 310 

ɂɁɍɑȿɇɂȿ ɋɈɋɌȺȼȺ ȼɈȾɇɈɃ ȼɕɌəɀɄɂ ȽɍȻɄɂ ɅɂɋɌȼȿɇɇɂɑɇɈɃ 
Ʉ.Ⱥ. Ʉɢɫɥɨɜɚ, ɇ.Ɏ. Ⱥɩɪɟɥɤɨɜɚ 312 

ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɋɍɅɖɎɈɇȺɆɂȾɈȼ ȼ ȺɉɊɈɌɈɇɇɈɆ ȾɂɉɈɅəɊɇɈɆ 
ɊȺɋɌȼɈɊɂɌȿɅȿ ȾɂɆȿɌɂɅɋɍɅɖɎɈɄɋɂȾȿ 
Ɉ.ȼ. Ʉɥɨɨɫ, Ƚ.Ȼ. ɇɟɞɜɟɰɤɚɹ, ɘ.Ⱥ. Ⱥɣɡɢɧɚ 314 

ɂɋɋɅȿȾɈȼȺɇɂȿ ȾɂɋɍɅɖɎɈɇɂȿȼɕɏ ɋɈɅȿɃ ɇȺ ɈɋɇɈȼȿ ɌɂȺɐɂɄɅȺɇɈȼ 
ɆȿɌɈȾɈɆ ɌȺɇȾȿɆɇɈɃ ɗɅȿɄɌɊɈɊȺɋɉɕɅɂɌȿɅɖɇɈɃ ɆȺɋɋ-ɋɉȿɄɌɊɈɆȿɌɊɂɂ 
Ⱥ.ȼ. Ʉɨɡɥɨɜ, Ɋ.ɋ. Ȼɨɪɢɫɨɜ, ȼ.Ƚ. Ɂɚɢɤɢɧ 317 

ȼɅɂəɇɂȿ ɋɈɋɌȺȼȺ ɊȺɋɌȼɈɊȺ ɂ ɉɈɌȿɇɐɂȺɅȺ ȺɇɈȾɇɈɃ ɉɈɅəɊɂɁȺɐɂɂ 
ɌɂɌȺɇɈȼɈȽɈ ɗɅȿɄɌɊɈȾȺ ɇȺ ȿȽɈ ɂɆɉȿȾȺɇɋɇɕȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ 
ȿ.Ⱥ. Ʉɨɪɧɸɲɨɜɚ, Ⱥ.ȼ. Ʉɚɲɟɜɫɤɢɣ, Ⱥ.ɘ. ɋɚɮɪɨɧɨɜ 319 

ȼɅɂəɇɂȿ ɈɊȽȺɇɂɑȿɋɄɂɏ ɄɂɋɅɈɌ ɇȺ ɋɈɊȻɐɂɈɇɇɍɘ ɋɉɈɋɈȻɇɈɋɌɖ 
ɎɈɋɎȺɌȺ ɌɂɌȺɇȺ 
ȿ.ɘ. Ʉɭɧɰ, Ⱥ.ȼ. ɉɨɩɨɜɚ, Ʌ.Ɇ. Ⱦɢɦɨɜɚ 321 
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ɌɊȿɏɔəȾȿɊɇɕȿ ɋɍɅɖɎɂȾɇɕȿ ɄɅȺɋɌȿɊɕ ɆɈɅɂȻȾȿɇȺ ɂ ȼɈɅɖɎɊȺɆȺ ɋ 
ɅɂȽȺɇȾȺɆɂ ɇȺ ɈɋɇɈȼȿ ȻɂɉɂɊɂȾɂɇȺ — ɉɈɌȿɇɐɂȺɅɖɇɕȿ 
ɄɈɇɌɊȺɋɌɂɊɍɘɓɂȿ ȺȽȿɇɌɕ 
ɘ.Ⱥ. Ʌɚɪɢɱɟɜɚ, Ⱥ.Ʌ. Ƚɭɳɢɧ, ɂ.ɋ. Ⱦɨɜɵɞɟɧɤɨ, ȿ.Ʉ. Ⱥɩɚɪɰɢɧ, ȿ.ɂ. Ɋɹɛɱɢɤɨɜɚ, Ⱥ.ȿ. Ƚɪɢɝɨɪɶɟɜɚ 324 

ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɋɈɊȻɐɂɈɇɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɇȺ ɈɋɇɈȼȿ ɆȿɌȺɅɅɈɊȿɁɂɇɕ 
ȾɅə ɄɈɇɐȿɇɌɊɂɊɈȼȺɇɂə ɆȺɅɈɅȿɌɍɑɂɏ ɈɊȽȺɇɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ 
Ⱥ.ɇ. Ʌɟɛɟɞɟɜ, Ⱥ.ɋ. Ʉɚɪɫɭɧɤɢɧɚ, ȿ.Ⱥ. ɇɨɜɢɤɨɜɚ, ɂ.Ⱥ. ɉɥɚɬɨɧɨɜ 326 

ɂɁɍɑȿɇɂȿ ɄɂɇȿɌɂɄɂ ȺȾɋɈɊȻɐɂɂ ɉȺɊɈȼ ȼɈȾɕ ɇȺ ɈȻɊȺɁɐȺɏ ɈɄɋɂȾȺ 
ȺɅɘɆɂɇɂə, ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ ɓȿɅɈɑɇɕɆɂ ɂɈɇȺɆɂ 
Ⱥ.ȼ. Ʌɢɜɚɧɨɜɚ, ȿ.ɉ. Ɇɟɳɟɪɹɤɨɜ, ɂ.Ⱥ. Ʉɭɪɡɢɧɚ 329 

ȺɌɌȿɋɌȺɐɂə, ɗɅȿɄɌɊɈɏɂɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɂ ȺɉɊɈȻȺɐɂə ɋɅɈɀɇɕɏ 
ɈɄɋɂȾɈȼ ȼ ɂɈɇɈɆȿɌɊɂɂ 
ȼ.Ɉ. Ɇɚɥɶɰɟɜɚ, ȼ.Ⱥ. ɏɚɥɢɥɨɜ, Ɉ.ȼ. ȼɨɥɶɯɢɧɚ, Ⱥ.Ʌ. Ɍɢɦɨɮɟɟɜ, Ⱥ.Ʌ. ɉɨɞɤɨɪɵɬɨɜ, ɋ.Ⱥ. ɒɬɢɧ 332 

ɂɁɍɑȿɇɂȿ ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɈȼȺɇɂə ɀȿɅȿɁȺ (III) ɋ 3-((E)-2-

ȽɂȾɊɈɄɋɂȻȿɇɁɂɅɂȾȿɇ)ȽɂȾɊɈɁɈɇɈ)ɂɇȾɈɅɂɇ-2-ɈɇɈɆ 
ɑ.Ⱥ. Ɇɚɦɟɞɨɜɚ, Ɏ.ɋ. Ⱥɥɢɟɜɚ, ɇ.ɇ. ɗɮɟɧɞɢɟɜɚ, ɇ.Ƚ. ɒɵɯɚɥɢɟɜ, Ɏ.Ɇ.ɑɵɪɚɝɨɜ 334 

ɇɈȼɕɃ ɉɈȾɏɈȾ Ʉ ɈɉɊȿȾȿɅȿɇɂɘ ȺɇɌɂɈɄɋɂȾȺɇɌɇɕɏ ɉȺɊȺɆȿɌɊɈȼ ɄɈɀɂ 
Ɇ.Ƚ. Ɇɚɪɤɢɧɚ, Ɍ.Ⱥ. Ɍɸɬɪɸɦɨɜɚ, ɇ.ɘ. ɋɬɨɠɤɨ, ɏ.Ɂ. Ȼɪɚɣɧɢɧɚ 336 

ɄɈɈɊȾɂɇȺɐɂə ɌɂɈɅȺɌɇɕɏ ɂ ɂɁɈɇɂɌɊɂɅɖɇɕɏ ɅɂȽȺɇȾɈȼ Ʉ 
ɈɄɌȺɗȾɊɂɑɋɄɂɆ ɄɅȺɋɌȿɊȺɆ ɆɈɅɂȻȾȿɇȺ, ȼɈɅɖɎɊȺɆȺ ɂ Ɋȿɇɂə 
Ⱥ.Ⱦ. Ɇɢɪɨɧɨɜɚ, Ɇ.Ⱥ. Ɇɢɯɚɣɥɨɜ, Ɇ.ɇ. ɋɨɤɨɥɨɜ 337 

ɌȿɏɇɈɅɈȽɂə ɉɈɅɍɑȿɇɂə ɋɍȻɋɌȺɇɐɂɃ ɂɁ ɄɈɊɇȿɃ ɂ ɇȺȾɁȿɆɇɈɃ ɑȺɋɌɂ 
ɐɂɄɈɊɂə ɈȻɕɄɇɈȼȿɇɇɈȽɈ 
Ƚ.Ƚ. Ɇɨɥɞɚɝɚɥɢ, Ⱥ.ȿ. ɇɭɪɯɚɣɞɚɪɨɜɚ, Ƚ.ȿ. ɀɭɫɭɩɨɜɚ 339 

ɈɉɊȿȾȿɅȿɇɂȿ ɋɂɇɌȿɌɂɑȿɋɄɂɏ ɉɂɓȿȼɕɏ ȺɁɈɄɊȺɋɂɌȿɅȿɃ ȿ102, ȿ110, ȿ122, 
ȿ124 ȼ ɉɊɈȾɍɄɌȺɏ ɉɂɌȺɇɂə ɆȿɌɈȾɈɆ ɎɅɍɈɊɂɆȿɌɊɂɂ 
Ⱥ.Ⱥ. ɇɢɤɨɥɚɟɜɚ 341 

ɋɉɈɋɈȻ ɈɉɊȿȾȿɅȿɇɂə ɊɈȾɂə ɆȿɌɈȾɈɆ ɂɇȼȿɊɋɂɈɇɇɈɃ 
ȼɈɅɖɌȺɆɉȿɊɈɆȿɌɊɂɂ 
ɘ.Ⱥ. Ɉɫɶɤɢɧɚ, ɇ.Ⱥ. Ʉɨɥɩɚɤɨɜɚ 344 

ɄɂɋɅɈɌɇɈ-ɈɋɇɈȼɇɕȿ ɋȼɈɃɋɌȼȺ ɎɍɇɄɐɂɈɇȺɅɂɁɂɊɈȼȺɇɇɕɏ 
ɉɈɅɂɗɌɂɅȿɇɂɆɂɇɈȼ 
ȿ.Ⱥ. ɉɨɥɭɹɧɨɜɚ, ɇ.ȼ. Ʌɚɤɢɡɚ, Ⱥ.ȼ. ɉɟɫɬɨɜ 346 

ȼɅɂəɇɂȿ ɋɈɅȿɃ ɇȺ ɋɈɊȻɐɂɈɇɇɕȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȿɈɊȽȺɇɂɑȿɋɄɈȽɈ 
ɂɈɇɈɈȻɆȿɇɇɂɄȺ 
Ⱥ.ȼ. ɉɨɩɨɜɚ, ȿ.ɘ. Ʉɭɧɰ, Ʌ.Ɇ. Ⱦɢɦɨɜɚ 348 

ɇɈȼɕȿ ɉɈȾɏɈȾɕ Ʉ ɋɂɇɌȿɁɍ ɄɅȺɋɌȿɊɇɕɏ ɄɈɆɉɅȿɄɋɈȼ Ɋȿɇɂə 
Ⱥ.ɋ. ɉɪɨɧɢɧ, Ⱥ.ɂ. ɋɦɨɥɟɧɰɟɜ, ɘ.ȼ. Ɇɢɪɨɧɨɜ 351 

ɄɊɂɋɌȺɅɅɈȽɊȺɎɂɑȿɋɄɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ȼɂɋɆɍɌ-ȾɈɉɂɊɈȼȺɇɇɕɏ 
ɋɈȿȾɂɇȿɇɂɃ ɇȺ ɈɋɇɈȼȿ ɆɈɅɂȻȾȺɌȺ ɄȺɅɖɐɂə 
Ⱦ.ȼ. ɉɶɹɧɤɨɜɚ, Ɂ.Ⱥ. Ɇɢɯɚɣɥɨɜɫɤɚɹ 352 

ɈɉɊȿȾȿɅȿɇɂȿ ȺɅɄȺɅɈɂȾɈȼ ȼ ɒɈɄɈɅȺȾȿ ɆȿɌɈȾɈɆ ȼɕɋɈɄɈɗɎɎȿɄɌɂȼɇɈɃ 
ɀɂȾɄɈɋɌɇɈɃ ɏɊɈɆɈɌɈȽɊȺɎɂɂ 
Ⱥ.Ⱥ. Ɋɹɯɢɧɚ, Ƚ.ɇ. Ʉɨɪɨɥɟɜɚ 354 

ɂɁȼɅȿɑȿɇɂȿ ɏɅɈɊɂȾɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɉɅȺɌɂɇɕ ɂ ɉȺɅɅȺȾɂə 
ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɍɘɓɂɆ ɋɈɊȻȿɇɌɈɆ ɇȺ ɈɋɇɈȼȿ ȼɂɇɂɅɌɊɂȺɁɈɅȺ 
ɘ.Ⱥ. ɋɨɥɞɚɬɨɜɚ, Ⱥ.ɋ. Ƚɨɥɭɛɟɜɚ, Ʌ.ɉ. ɒɚɭɥɢɧɚ, ɇ.ɉ. Ʉɭɡɧɟɰɨɜɚ 356 

ɊȺɁɊȺȻɈɌɄȺ ɆȿɌɈȾɂɄɂ ɈɉɊȿȾȿɅȿɇɂə ɆɂɄɊɈ- ɂ ɆȺɄɊɈɗɅȿɆȿɇɌɈȼ ȽɈɊɇɕɏ 
ɉɈɊɈȾ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ȺɌɈɆɇɈ-ɗɆɂɋɋɂɈɇɇɈȽɈ ɋɉȿɄɌɊɈɆȿɌɊȺ 
«ɋɉȺɋ-01» 
Ⱥ.Ⱥ. Ɍɨɦɲɢɧɚ, ȿ.Ⱥ. ȼɨɪɨɧɤɨɜɚ 357 
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ɈɉɊȿȾȿɅȿɇɂȿ ɉȺɅɅȺȾɂə ɆȿɌɈȾɈɆ ɂɇȼȿɊɋɂɈɇɇɈɃ ȼɈɅɖɌȺɆɉȿɊɈɆȿɌɊɂɂ 
ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ȽɊȺɎɂɌɈȼɈȽɈ ɗɅȿɄɌɊɈȾȺ, ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɈȽɈ 
ȼɂɋɆɍɌɈɆ 
ɀ.Ʉ. ɋɚɛɢɬɨɜɚ, ɇ.Ⱥ. Ʉɨɥɩɚɤɨɜɚ 360 

ȼɈɅɖɌȺɆɉȿɊɈɆȿɌɊɂɑȿɋɄɈȿ ɈɉɊȿȾȿɅȿɇɂȿ 2,4- ɂ 2,5-ȾɂɇɂɌɊɈɎȿɇɈɅɈȼ ɇȺ 
ɗɅȿɄɌɊɈɏɂɆɂɑȿɋɄɂ ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ ɗɅȿɄɌɊɈȾȺɏ 
ɂ.Ʉ. ɍɫɤɨɜɚ, ɋ.ɋ. ȼɟɪɯɨɬɭɪɨɜɚ, ɇ.ȼ. ɂɜɚɧɨɜɚ, Ɉ.ɇ. Ȼɭɥɝɚɤɨɜɚ 361 

ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɈȼȺɇɂȿ ɊɈȾɂə(III) ɋ 6-ɎȿɇɂɅ-1,11-ȾɂɈɄɋȺ-4,8-ȾɂɌɂȺ-6-

ȺɁȺɐɂɄɅɈɌɊɂȾȿɄȺɇɈɆ 
ȿ.ɋ. Ɏɟɞɨɬɨɜɚ, ɇ.Ƚ. Ⱥɮɡɚɥɟɬɞɢɧɨɜɚ, Ƚ.Ɋ. ɏɚɛɢɛɭɥɥɢɧɚ, Ⱥ.Ƚ. ɂɛɪɚɝɢɦɨɜ 363 

ɉɈɅɍɑȿɇɂȿ ɆɇɈȽɈɄɈɆɉɈɇȿɇɌɇɕɏ ɄȺɌȺɅɂɁȺɌɈɊɈȼ ɇȺ ɆȿɌȺɅɅɂɑȿɋɄɂɏ 
ɇɈɋɂɌȿɅəɏ 
Ⱦ.ɋ. ɏɚɛɚɪɨɜɚ, ȿ.ɇ. Ɍɭɩɢɤɨɜɚ 365 

ȼɕɋɈɄɈɍɋɌɈɃɑɂȼɕȿ ɄɈɆɉɅȿɄɋɕ ɁɈɅɈɌȺ(I) ɋ ɋȿɊɈɋɈȾȿɊɀȺɓɂɆɂ 
ɅɂȽȺɇȾȺɆɂ ȼ ɊȺɋɌȼɈɊȿ 
ȼ.ɘ. ɏɚɪɥɚɦɨɜɚ, ɂ.ȼ. Ɇɢɪɨɧɨɜ 367 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɉɊɈɌȿɈɆȺ ɉɅɈȾɈȼ JUGLANS REGIA L., ɄɍɅɖɌɂȼɂɊɍȿɆɈȽɈ ȼ 

ɄɊɕɆɍ, ɋ ɂɋɉɈɅɖɁɈȼɇɂȿɆ ɗɅȿɄɌɊɈɎɈɊȿɁȺ, ȽȿɅɖ-ɉɊɈɇɂɄȺɘɓȿɃ 
ɏɊɈɆȺɌɈȽɊȺɎɂɂ ɂ MALDI-TOF/TOF ɆȺɋɋ-ɋɉȿɄɌɊɈɆȿɌɊɂɂ 
ɋ.ɘ. ɏɨɯɥɨɜ, Ⱥ.Ⱥ. ȼɵɬɨɜɬɨɜ, ɂ.ɋ. Ƚɨɪɛɭɧɨɜ, ȼ.ȼ. ȼɚɫɢɩɨɜ, ȿ.Ƚ. ɑɭɩɚɯɢɧ 368 

ȼɕȻɈɊ ɍɋɅɈȼɂɃ ȾɅə ɏɊɈɆȺɌɈȽɊȺɎɂɑȿɋɄɈȽɈ ɈɉɊȿȾȿɅȿɇɂə 
ɅȿɄȺɊɋɌȼȿɇɇɕɏ ȼȿɓȿɋɌȼ, ɊȿɄɈɆȿɇȾɈȼȺɇɇɕɏ ȾɅə ɌȿɊȺɉȿȼɌɂɑȿɋɄɈȽɈ 
ɅȿɄȺɊɋɌȼȿɇɇɈȽɈ ɆɈɇɂɌɈɊɂɇȽȺ 
Ɇ.Ƚ. ɑɭɤɚɜɢɧɚ, Ƚ.ɇ. Ʉɨɪɨɥɟɜɚ 371 

ɈɉɊȿȾȿɅȿɇɂȿ ɋɈȾȿɊɀȺɇɂə ɁɈɅɈɌȺ ȼ ɗɅȿɄɌɊɈɇɇɈɆ ɅɈɆȿ 
ɋ.ȿ. ɑɭɥɤɨɜɚ, ȼ.Ɇ. ɇɢɤɨɥɶɫɤɢɣ 373 

ɋɂɇɌȿɁ ɄɈɆɉɅȿɄɋȺ ɆȿȾɂ ɋ ɄȼȿɊɐȿɌɂɇɈɆ 
ɇ.ɋ. ɒɚɬɨɯɢɧɚ, Ⱥ.ɂ. ȼɢɥɶɦɫ 375 

ɋɂɇɌȿɁ ɄɈɆɉɅȿɄɋɇɈɃ ɋɈɅɂ Co(II) ɋ ɌɊɂɉɌɈɎȺɇɈɆ ȼ ɀɂȾɄɈɃ ɎȺɁȿ 
ɋ.Ʉ. ɒɚɪɢɮɨɜɚ, ɗ.Ɋ. Ƚɭɫɟɣɧɨɜ, ɋ.Ȼ. Ɂɟɣɧɚɥɨɜ, Ɏ.Ⱥ. Ⱥɛɞɭɥɥɚɟɜɚ, ɂ.ɋ. Ʌɸɬɜɚɥɢɡɚɞɟ 377 

ȼɅɂəɇɂȿ ɄɈɇɐȿɇɌɊȺɐɂɂ ɂɈɇȺ-ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɈȼȺɌȿɅə ɇȺ 
ɋɈɊȻɐɂɈɇɇɕȿ ɋȼɈɃɋɌȼȺ ɎɍɇɄɐɂɈɇȺɅɂɁɂɊɈȼȺɇɇɈȽɈ 
ɉɈɅɂɗɌɂɅȿɇɂɆɂɇȺ 
ɂ.ɋ. ɓɟɦɟɥɟɜ, ɇ.ȼ. Ʌɚɤɢɡɚ 379 

ȺȼɌɈɊɋɄɂɃ ɍɄȺɁȺɌȿɅɖ  381 
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Уваɠаɟɦɵɟ ɭɱаɫɬɧɢɤɢ ȼɫɟɪɨɫɫɢɣɫɤɨɣ Ȼаɣɤаɥɶɫɤɨɣ ɲɤɨɥɵ-ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɯɢɦɢɢ! 
 
Иɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɨɫɧɨɜɚɧɧɵɣ ɜ 1918 ɝ., ɹɜɥɹɟɬɫɹ ɫɬɚɪɟɣɲɢɦ ɜɭɡɨɦ 

ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ, ɪɨɞɨɧɚɱɚɥɶɧɢɤɨɦ ɛɨɥɶɲɢɧɫɬɜɚ ɜɭɡɨɜ ɪɟɝɢɨɧɚ ɢ ɨɫɧɨɜɨɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 
Иɪɤɭɬɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ. ɉɪɢɤɚɡɚɦɢ Ɇɢɧɨɛɪɧɚɭɤɢ 
Ɋɨɫɫɢɢ ɜ 2014-2016 ɝɝ. ɤ Иɪɤɭɬɫɤɨɦɭ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦɭ ɭɧɢɜɟɪɫɢɬɟɬɭ ɛɵɥɢ ɩɪɢɫɨɟɞɢɧɟɧɵ ɞɜɚ 
ɪɚɧɟɟ ɧɟɡɚɜɢɫɢɦɵɯ ɜɭɡɚ – ȼɨɫɬɨɱɧɨ-ɋɢɛɢɪɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɨɛɪɚɡɨɜɚɧɢɹ (ɪɚɧɟɟ – 
Иɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) ɢ Иɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. ȼ ɪɟɡɭɥɶɬɚɬɟ ИȽɍ ɫɬɚɥ ɥɢɞɢɪɭɸɳɢɦ ɜɭɡɨɦ ɪɟɝɢɨɧɚ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 
ɫɬɭɞɟɧɬɨɜ; ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɭɡɨɦ ɪɟɝɢɨɧɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɦ ɩɨɥɧɨɦɚɫɲɬɚɛɧɭɸ ɩɨɞɝɨɬɨɜɤɭ 
ɩɟɞɚɝɨɝɢɱɟɫɤɢɯ ɤɚɞɪɨɜ ɞɥɹ ɫɢɫɬɟɦɵ ɫɪɟɞɧɟɝɨ ɢ ɞɨɲɤɨɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ; ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɭɡɨɦ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɦ ɩɨɥɧɨɰɟɧɧɭɸ ɥɢɧɝɜɢɫɬɢɱɟɫɤɭɸ ɩɨɞɝɨɬɨɜɤɭ, ɨɫɧɨɜɧɵɦ ɜɭɡɨɦ, ɝɨɬɨɜɹɳɢɦ 
ɤɚɞɪɵ ɞɥɹ ɢɧɫɬɢɬɭɬɨɜ ɋɈ ɊȺɇ (14 ɛɚɡɨɜɵɯ ɤɚɮɟɞɪ ɋɈ ɊȺɇ ɭɫɩɟɲɧɨ ɪɚɛɨɬɚɸɬ ɜ ИȽɍ), 
ɛɟɡɭɫɥɨɜɧɵɦ ɥɢɞɟɪɨɦ ɜ ɪɟɝɢɨɧɟ ɩɨ ɱɢɫɥɭ ɩɭɛɥɢɤɭɟɦɵɯ ɫɬɚɬɟɣ ɢ ɢɯ ɰɢɬɢɪɭɟɦɨɫɬɢ. Иɪɤɭɬɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɜɯɨɞɢɬ ɜ ɬɨɩ-150 ɥɭɱɲɢɯ ɭɧɢɜɟɪɫɢɬɟɬɨɜ ɫɬɪɚɧ ȻɊИКɋ ɩɨ ɜɟɪɫɢɢ 
ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɤɨɧɫɚɥɬɢɧɝɨɜɨɝɨ ɚɝɟɧɬɫɬɜɚ Quacquarelli Symonds (QS), ɨɩɟɪɟɠɚɹ ɪɹɞ 
ɮɟɞɟɪɚɥɶɧɵɯ ɢ ɧɚɰɢɨɧɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɭɧɢɜɟɪɫɢɬɟɬɨɜ. 

ȼ ɫɨɫɬɚɜɟ ИȽɍ ɪɚɛɨɬɚɸɬ ɢ ɟɝɨ ɯɢɦɢɱɟɫɤɢɟ ɩɨɞɪɚɡɞɟɥɟɧɢɹ – ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɢ ɇИИ 
ɧɟɮɬɟ- ɢ ɭɝɥɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. əɜɥɹɹɫɶ ɨɞɧɢɦ ɢɡ ɫɬɚɪɟɣɲɢɯ ɢ ɛɨɝɚɬɵɯ ɬɪɚɞɢɰɢɹɦɢ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɫɨɜɦɟɫɬɧɨ ɫ ɇИИ ɧɟɮɬɟ- ɢ ɭɝɥɟɯɢɦɢɱɟɫɤɨɝɨ 
ɫɢɧɬɟɡɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɬɪɟɬɶ ɜɫɟɯ ɩɭɛɥɢɤɚɰɢɣ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɢɧɞɟɤɫɢɪɭɟɦɵɯ ɜ ɛɚɡɚɯ 
ɞɚɧɧɵɯ Web of Science ɢ Scopus, ɫɨɬɪɭɞɧɢɤɢ ɮɚɤɭɥɶɬɟɬɚ ɢ ɢɧɫɬɢɬɭɬɚ ɟɠɟɝɨɞɧɨ ɩɭɛɥɢɤɭɸɬ ɫɬɚɬɶɢ 
ɜ ɯɢɦɢɱɟɫɤɢɯ ɠɭɪɧɚɥɚɯ, ɜɯɨɞɹɳɢɯ ɜ ɩɟɪɜɵɟ ɤɜɚɪɬɢɥɢ ɩɨ ɰɢɬɢɪɭɟɦɨɫɬɢ. ȼ ɷɬɢɯ ɩɨɞɪɚɡɞɟɥɟɧɢɹɯ 
ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɜ ɪɚɦɤɚɯ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɪɚɧɬɨɜ ɊɎɎИ, ɊɇɎ, ɤɨɧɤɭɪɫɧɨɣ ɱɚɫɬɢ 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɜ ɫɮɟɪɟ ɧɚɭɤɢ. 

Ɉɬ ɢɦɟɧɢ ɤɨɥɥɟɤɬɢɜɚ ɯɢɦɮɚɤɚ ɢ ɇИИɇɍɋ, ɚ ɬɚɤɠɟ ɜɫɟɝɨ ɦɧɨɝɨɬɵɫɹɱɧɨɝɨ ɤɨɥɥɟɤɬɢɜɚ 
ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ, ɫɨɬɪɭɞɧɢɤɨɜ ɢ ɨɛɭɱɚɸɳɢɯɫɹ Иɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɠɟɥɚɸ 
ɜɚɦ ɩɥɨɞɨɬɜɨɪɧɨɣ ɪɚɛɨɬɵ ɜ ɪɚɦɤɚɯ ɧɚɲɟɣ ɲɤɨɥɵ-ɤɨɧɮɟɪɟɧɰɢɢ, ɠɚɪɤɢɯ ɧɚɭɱɧɵɯ ɞɢɫɤɭɫɫɢɣ, 
ɧɨɜɵɯ ɡɧɚɤɨɦɫɬɜ ɫ ɤɨɥɥɟɝɚɦɢ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɥɸɛɨɜɶɸ ɤ ɯɢɦɢɢ. 

 
 
 
ɩɪɨɪɟɤɬɨɪ ɩɨ ɧɚɭɱɧɨɣ ɪɚɛɨɬɟ 
ɢ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
Иɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ, ɞɨɤɬɨɪ ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ    Ⱥ.Ɏ. Шɦɢɞɬ 
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Ⱥкциɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ «Ȼɚɲкиɪɫкɚя ɫɨɞɨɜɚя кɨɦɩɚɧия» 

Ȼɚɲɤɢɪɫɤɚɹ ɫɨɞɨɜɚɹ ɤɨɦɩɚɧɢɹ (ȻɋɄ) - ɨɞɧɨ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɯɢɦɢɱɟɫɤɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɨɟ ɧɚ ɪɨɫɫɢɣɫɤɨɦ ɢ ɦɢɪɨɜɨɦ ɪɵɧɤɚɯ. ȼ ɚɫɫɨɪɬɢɦɟɧɬɟ 
ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ - ɨɤɨɥɨ ɫɬɚ ɧɚɢɦɟɧɨɜɚɧɢɣ. Ʉɨɦɩɚɧɢɹ ɡɚɧɢɦɚɟɬ ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɨɣ, ɩɢɳɟɜɨɣ ɢ ɤɚɭɫɬɢɱɟɫɤɨɣ ɫɨɞɵ, ɉȼɏ, ɤɚɛɟɥɶɧɵɯ ɩɥɚɫɬɢɤɚɬɨɜ, 
ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɜ Ɋɨɫɫɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɬɟɪɟɮɬɚɥɨɢɥɯɥɨɪɢɞɚ, ɚɧɨɞɨɜ ɫ ɪɭɬɟɧɢɣ - 
ɢɪɢɞɢɟɜɵɦ ɩɨɤɪɵɬɢɟɦ, ɮɥɨɤɭɥɹɧɬɚ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ ɤɚɬɢɨɧɧɨɝɨ.  

ȼ 2016 ɝɨɞ ɫɪɚɡɭ ɞɜɚ ɪɟɣɬɢɧɝɨɜɵɯ ɚɝɟɧɬɫɬɜɚ Ɋɨɫɫɢɢ – ɗɤɫɩɟɪɬ 400 ɢ ɊȻɄ 500, ɜɤɥɸɱɢɥɢ ȻɋɄ 
ɜ ɱɢɫɥɨ ɤɪɭɩɧɟɣɲɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɊɎ. ɂ ɷɬɨ ɧɟɫɥɭɱɚɣɧɨ, ɜɟɞɶ ɩɪɟɞɩɪɢɹɬɢɟ ɧɟ ɬɨɥɶɤɨ 
ɬɪɚɞɢɰɢɨɧɧɨ ɡɚɧɢɦɚɟɬ ɩɟɪɜɨɟ ɦɟɫɬɨ ɜ Ɋɨɫɫɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɨɣ ɢ ɩɢɳɟɜɨɣ 
ɫɨɞɵ, ɜɬɨɪɨɟ ɩɨ ɜɵɩɭɫɤɭ ɉȼɏ, ɚ ɬɚɤɠɟ ɧɚɯɨɞɢɬɫɹ ɜ ɬɪɨɣɤɟ ɤɪɭɩɧɟɣɲɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ 
ɤɚɭɫɬɢɱɟɫɤɨɣ ɫɨɞɵ. ɋɟɝɨɞɧɹ ȻɋɄ ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɟɣɲɢɦ ɩɨ ɦɨɳɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ 
ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɨɣ ɫɨɞɵ ɜ ȿɜɪɨɩɟ ɢ ɫɨɜɦɟɫɬɧɨ ɫ ȺɈ «ȻɋɁ» ɜɵɩɭɫɤɚɟɬ ɛɨɥɟɟ 65% ɨɬ ɜɫɟɣ 
ɪɨɫɫɢɣɫɤɨɣ ɫɨɞɵ. ɋɨɬɧɢ ɩɪɟɞɩɪɢɹɬɢɣ ɡɚɜɢɫɹɬ ɨɬ ɩɨɫɬɚɜɨɤ ɩɪɨɞɭɤɰɢɢ ȻɋɄ. 

ɉɪɨɞɭɤɰɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɜɨɫɬɪɟɛɨɜɚɧɚ ɜ Ɋɨɫɫɢɢ, ɫɬɪɚɧɚɯ ɋɇȽ, Ȼɚɥɬɢɢ, ȿɜɪɨɩɵ, Ȼɥɢɠɧɟɝɨ 
ȼɨɫɬɨɤɚ, ɋɟɜɟɪɧɨɣ ɢ ɘɠɧɨɣ Ⱥɦɟɪɢɤɢ 

ȼɧɟɞɪɟɧɢɟ ɧɨɜɟɣɲɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɪɟɲɟɧɢɣ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɩɨɡɜɨɥɹɸɬ ɤɨɦɩɚɧɢɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɟɫɹɬɢɥɟɬɢɣ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɭɸ, 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɭɸ ɩɪɨɞɭɤɰɢɸ ɢ ɭɞɟɪɠɢɜɚɬɶ ɥɢɞɟɪɫɬɜɨ ɜ ɫɬɪɚɧɟ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ.  

ȼɧɟɞɪɟɧɢɟ ɧɨɜɟɣɲɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɪɟɲɟɧɢɣ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɩɨɡɜɨɥɹɸɬ ɤɨɦɩɚɧɢɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɟɫɹɬɢɥɟɬɢɣ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɭɸ, 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɭɸ ɩɪɨɞɭɤɰɢɸ ɢ ɭɞɟɪɠɢɜɚɬɶ ɥɢɞɟɪɫɬɜɨ ɜ ɫɬɪɚɧɟ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. 

ɇɨɜɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɢ ɪɟɚɥɢɡɚɰɢɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ɹɜɥɹɸɬɫɹ ɩɪɢɨɪɢɬɟɬɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤɨɦɩɚɧɢɢ. ȼɫɟ ɩɪɨɟɤɬɵ ɩɨ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ – ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɛɟɪɟɠɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. 

ȼ ȺɈ «ȻɋɄ» ɫɨɡɞɚɧ ɢ ɭɫɩɟɲɧɨ ɪɚɛɨɬɚɟɬ ɂɧɠɟɧɟɪɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɰɟɧɬɪ (ɂɉɐ). 
ɍɱɟɧɵɟ ɢ ɫɩɟɰɢɚɥɢɫɬɵ ɫɨɩɪɨɜɨɠɞɚɸɬ ɰɟɯɚ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɞɭɤɰɢɢ, ɫɨɜɦɟɫɬɧɨ ɫ 
ɬɟɯɧɨɥɨɝɚɦɢ ɢ ɢɧɠɟɧɟɪɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜ ɪɟɲɚɸɬ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɥɸɛɨɣ 
ɫɥɨɠɧɨɫɬɢ, ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɢ ɜɧɟɞɪɹɸɬ ɧɨɜɵɟ ɩɪɨɞɭɤɬɵ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ. 

ȻɋɄ ɩɪɟɞɴɹɜɥɹɟɬ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɟɟ ɤɚɱɟɫɬɜɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ȿɜɪɨɩɟɣɫɤɨɝɨ ɪɵɧɤɚ ɢ Ɍɚɦɨɠɟɧɧɨɝɨ ɋɨɸɡɚ, ɩɨɞɬɜɟɪɠɞɟɧɨ ɫɟɪɬɢɮɢɤɚɬɚɦɢ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɜ ɫɢɫɬɟɦɚɯ ɫɟɪɬɢɮɢɤɚɰɢɢ ȽɈɋɌ Ɋ, ɋɨɜȺɫɄ, ɌɗɄɋȿɊɌ, ɜ ɫɢɫɬɟɦɟ ɤɚɱɟɫɬɜɚ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɢɳɟɜɨɣ ɩɪɨɞɭɤɰɢɢ ɇACCP, FEMAS. ɑɚɫɬɶ ɩɪɨɞɭɤɰɢɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɚ ɜ ɪɚɦɤɚɯ 
ȿɜɪɨɩɟɣɫɤɨɝɨ Ɋɟɝɥɚɦɟɧɬɚ REACH. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ – ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɰɟɥɟɣ ɤɨɦɩɚɧɢɢ. ɇɚ 
ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ ɥɟɬ ȻɋɄ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ ɭɱɚɫɬɧɢɤɨɦ ɤɨɧɤɭɪɫɨɜ «Ʌɭɱɲɢɟ ɬɨɜɚɪɵ 
Ȼɚɲɤɨɪɬɨɫɬɚɧɚ», «100 ɥɭɱɲɢɯ ɬɨɜɚɪɨɜ Ɋɨɫɫɢɢ», «ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɦɚɪɤɚ III ɬɵɫɹɱɟɥɟɬɢɟ. Ɂɧɚɤ 
ɤɚɱɟɫɬɜɚ XXI ɜɟɤɚ». Ɉɫɧɨɜɧɚɹ ɩɪɨɞɭɤɰɢɹ ɤɨɦɩɚɧɢɢ ɢɦɟɟɬ ɡɜɚɧɢɟ Ʌɚɭɪɟɚɬɨɜ ɢ Ⱦɢɩɥɨɦɚɧɬɨɜ.  

ɂɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɦɟɧɟɞɠɦɟɧɬɚ ȻɋɄ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɚ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ISO 9001, ISO 14001, BS OHSAS 18001, ISO 22000, FEMAS. 

Ʉɨɦɩɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɜɯɨɞɢɬ ɜ ɱɢɫɥɨ ɥɢɞɟɪɨɜ ɪɨɫɫɢɣɫɤɨɝɨ ɛɢɡɧɟɫɚ, ɧɨ ɢ ɚɤɬɢɜɧɨ ɭɱɚɫɬɜɭɟɬ ɜ 
ɨɛɳɟɫɬɜɟɧɧɨɣ ɠɢɡɧɢ ɝɨɪɨɞɚ ɢ ɪɟɝɢɨɧɚ, ɜɤɥɚɞɵɜɚɹ ɫɨɬɧɢ ɦɢɥɥɢɨɧɨɜ ɪɭɛɥɟɣ ɜ 
ɛɥɚɝɨɬɜɨɪɢɬɟɥɶɧɨɫɬɶ ɢ ɫɨɰɢɚɥɶɧɵɟ ɩɪɨɟɤɬɵ. 

ȻɋɄ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦɚɯ, ɨɤɚɡɵɜɚɟɬ ɧɟ ɬɨɥɶɤɨ ɫɩɨɧɫɨɪɫɤɭɸ 
ɩɨɦɨɳɶ, ɧɨ ɢ ɩɨɦɨɝɚɟɬ ɫɬɭɞɟɧɬɚɦ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɛɭɞɭɳɟɣ ɫɩɟɰɢɚɥɶɧɨɫɬɶɸ, ɨɛɟɫɩɟɱɢɜ 
ɦɧɨɝɨɭɪɨɜɧɟɜɭɸ ɩɪɚɤɬɢɤɭ ɜ ɰɟɯɚɯ ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɪɨɫɬɚ. 

ɋɬɚɛɢɥɶɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɞɨɜɟɪɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɭɤɪɟɩɥɟɧɢɟ 
ɫɬɚɬɭɫɚ ɧɚɞɟɠɧɨɝɨ ɩɨɫɬɚɜɳɢɤɚ, ɫɧɢɠɟɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɫɨɡɞɚɧɢɟ 
ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɤɚɡɚɧɢɟ ɛɥɚɝɨɬɜɨɪɢɬɟɥɶɧɨɣ ɩɨɦɨɳɢ – ɨɫɧɨɜɧɵɟ ɩɪɢɨɪɢɬɟɬɧɵɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɞɟɹɬɟɥɶɧɨɫɬɢ Ȼɚɲɤɢɪɫɤɨɣ ɫɨɞɨɜɨɣ ɤɨɦɩɚɧɢɢ. 



Все для ЯМР

Растворители, ампулы, крышки, пипетки, очистители  

со склада в Москве

Реактивы по каталогам Sigma-Aldrich, Merck, 

ABCR, Alfa-Aesar , Honeywell, Fluorochem, TCI, 

Acros, Toronto Research Chemicals, Strem

Все для хроматографии 

Реактивы

Колонки для ГХ и ВЭЖХ, растворители, сорбенты, 

виалы, крышки, шприцевые фильтры

Лабораторное стекло и пластик

Компания «ГалаХим» предлагает

все необходимое для успешной работы в лаборатории!

www.ilaba.ru
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Дɢɚɷɦ ɈɈɈ 
Аɞɪɟɫ ɞɥɹ ɩɢɫɟɦ: 129346, ɝ. Мɨɫɤɜɚ, Ɋɨɫɫɢɹ, ɚ/ɹ 100. 
Тɟɥɟɮɨɧ: (495) 745-05-08 (ɦɧɨɝɨɤɚɧɚɥɶɧɵɣ) 
Фɚɤɫ: (495) 745-05-09 
www.dia-m.ru 
info@dia-m.ru  
 
 
Кɨɦɩɚɧɢɹ Дɢɚɷɦ – ɤɪɭɩɧɟɣɲɢɣ ɩɨɫɬɚɜɳɢɤ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɪɟɚɝɟɧɬɨɜ ɧɚ Ɋɨɫɫɢɣɫɤɨɦ ɪɵɧɤɟ. Кɚɬɚɥɨɝ ɤɨɦɩɚɧɢɢ ɧɚɫɱɢɬɵɜɚɟɬ ɛɨɥɟɟ 400 ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, 500 
000 ɧɚɢɦɟɧɨɜɚɧɢɣ ɩɪɢɛɨɪɨɜ, ɪɟɚɝɟɧɬɨɜ ɢ ɪɚɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
ɉɟɱɚɬɧɵɣ "Кɚɬɚɥɨɝ Дɢɚɷɦ: ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɥɚɫɬɢɤ, ɫɬɟɤɥɨ, ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɪɟɚɤɬɢɜɵ, ɧɚɛɨɪɵ", 
ɫɨɞɟɪɠɢɬ 1554 ɫɬɪɚɧɢɰ, ɫ ɩɨɞɪɨɛɧɵɦɢ ɨɩɢɫɚɧɢɹɦɢ ɢ ɫɩɟɰɢɮɢɤɚɰɢɹɦɢ ɤɚɤ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɢ 
ɪɟɚɤɬɢɜɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɜɵɛɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ ɞɥɹ 
ɭɞɨɛɧɨɣ ɪɚɛɨɬɵ.  
 
 
 
 
 
 
 
 
 
 
 
В ɤɚɬɚɥɨɝɟ ɤɨɦɩɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɩɪɚɜɥɟɧɢɹ: 

 ɦɢɤɪɨɮɥɸɢɞɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪ Dolomite 

 ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɬɨɪɵ, ɤɚɤ ɧɚɫɬɨɥɶɧɨɝɨ, ɬɚɤ ɢ ɩɢɥɨɬɧɨɝɨ ɮɨɪɦɚɬɚ Buchi, IKA, Heidolph 

 ɷɦɭɥɶɝɚɬɨɪɵ, ɢɧɤɚɩɫɭɥɹɬɨɪɵ ɢ ɪɚɫɩɵɥɢɬɟɥɶɧɵɟ ɫɭɲɤɢ Buchi, IKA, Heidolph 

 ɝɨɦɨɝɟɧɢɡɚɬɨɪɵ «ɮɪɟɧɱ-ɩɪɟɫɫ» ɢ ɥɢɩɨɫɨɦɚɬɨɪɵ Avestin 

 ɚɧɚɥɢɡɚɬɨɪɵ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ Beckman Coulter 

 ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɢɛɨɪɵ ɢ ɜɟɫɵ Mettler Toledo 

 ɪɨɬɨɪɧɵɟ ɢɫɩɚɪɢɬɟɥɢ Buchi, IKA, Heidolph 

 ɤɥɢɦɚɬɢɱɟɫɤɨɟ ɢ ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Binder 

 ɪɟɚɝɟɧɬɵ ɜɟɞɭɳɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ Sigma-Aldrich, Panreac, MP Biomedicals. 
 
 
 

http://www.dia-m.ru/
mailto:info@dia-m.ru
http://dia-m.ru/catalogs/file/375-dia-m.pdf
http://www.dia-m.ru/vendors/heidolph/
http://www.dia-m.ru/vendors/heidolph/
http://www.dia-m.ru/vendors/heidolph/
http://www.dia-m.ru/vendors/sigma/


СОЗДАВАЯ ЛЕКАРСТВА, СОХРАНЯЕМ ЖИЗНИ

20 1 52 10 50
на фармацевтическом

рынке 
по темпу роста

среди
фармацевтических
компаний в России

упаковок в год Более 10 млрд. руб.
годовой оборот 

Более
50 трейдеров 

лет место млн. млрд 

ГРУППА КОМПАНИЙ
«ФАРМАСИНТЕЗ»

Заводы в Иркутске, Уссурийске, Тюмени, Санкт-Петербурге и Братске

Производство лекарственных препаратов для лечения социально значимых заболеваний: 
туберкулез, ВИЧ/СПИД, онкология, гепатит, сахарный диабет, заболевания крови.

Крупнейший производитель антибиотиков в России

113 продуктов различных лекарственных форм и дозировок: капсулы, таблетки, гранулы, 
инфузионные растворы, сухие стерильные порошки, растворы для инъекций и лиофилизаты.

Представительства во всех регионах России

1500 высококвалифицированных специалистов

Передовые технологии производства и управления

Фармацевтическая система качества в соответствии со стандартами GMP

Инвестиции в исследования и разработки составляют более 500 млн. рублей в год, 
в развитие собственных производственных мощностей - более 5 млрд. рублей в год.

Телефон для звонков по России: 8-800-100-15-50 www.pharmasyntez.com



ПРОЕКТИРОВАНИЕ И СТРОИТЕЛЬСТВО 
ЛАБОРАТОРИЙ РАЗЛИЧНОГО ПРОФИЛЯ, 

ПОЛНОЕ ОСНАЩЕНИЕ И ОБЕСПЕЧЕНИЕ 
РАСХОДНЫМИ МАТЕРИАЛАМИ 

ПРОДУКЦИЯ:
• химические реактивы со склада и на заказ по каталогам;
• лабораторное оборудование; 
• аналитические приборы, хроматография; 
• биохимия;
• собственное производство органических растворителей различной степени очистки 

для использования в химическом производстве, в лабораторной практике, 
растворителей высокой степени очистки для хроматографии;

• химикаты и оборудование для микроэлектроники.

НАШИ ПОСТАВЩИКИ:

www.chimmed.ru

Research Chemicals

Москва, 115230, Каширское шоссе, д. 9, корп. 3. 
Тел.: +7 (495) 728 4192, факс: 742 8341, e-mail: mail@chimmed.ru

Санкт-Петербург, 195248, просп. Энергетиков, д. 19, оф. 314. 
Тел./факс: +7 (812) 605 0061, e-mail: spb@chimmed.ru

Казань, 420081, ул. Седова, д. 22. 
Тел./факс: +7 (843) 273 6761, 272 9786, e-mail: kazan@chimmed.ru

Новосибирск, 630090, просп. Академика Лаврентьева, 6/1. 
Тел./факс: +7 (383) 335 6108, e-mail: sibir@chimmed.ru

Поставка реактивов ACROS ORGANICS (www.acros.com) за 3 недели плюс скидки!   
Обратитесь на почту: 12@chimmed.ru, чтобы узнать какие условия для Вас!

Компания «Химмед» успешно работает более 25 лет. Собственная сеть логистики компании 
позволяет без временных затрат осуществлять регулярные поставки грузов между складом в 
Германии и складами в Москве и Подмосковье.

Строительное подразделение компании «Химмед» предлагает комплексные решения по 
строительству и ремонту лабораторий 2-го, 3-го, 4-го классов опасности, начиная с подбора 
или изготовления проекта, согласования построенного сооружения и лабора-
тории, заканчивая комплектацией лаборатории оборудованием и мебелью по 
заданию заказчика.

В настоящее время построена и сдана в эксплуатацию Белгородская МВЛ, 
строятся Тверская и Краснодарская МВЛ (готовность 90%). В г. Ярославль 
строится лабораторный комплекс по контролю качества лекарственных средств 
ФГБУ «Информационно-методический центр по экспертизе, учёту и анализу 
обращения средств медицинского применения» (готовность 20%). Все проекты 
лабораторий получили положительное заключение ГГЭ России.



БШКХ – 2017                                                   Сɩɨɧɫɨɪы кɨɧфеɪеɧции 

 20 

 

Кɨɦɩɚɧɢɹ «Аɥɶɛɢɨɧ» ɪɚɛɨɬɚɟɬ ɧɚ ɪɵɧɤɟ ɛɨɥɟɟ 17 ɥɟɬ ɢ ɡɚ ɷɬɢ 
ɝɨɞɵ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ ɫɟɛɹ ɤɚɤ ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɩɨɫɬɚɜɳɢɤ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɯɢɦɢɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ ɢɦɩɨɪɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ɇɵ ɩɨɫɬɚɜɥɹɟɦ ɛɨɥɟɟ 170 ɧɨɦɟɧɤɥɚɬɭɪɧɵɯ ɝɪɭɩɩ ɪɚɡɥɢɱɧɨɝɨ ɫɵɪɶɹ 
ɜ 16 ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ ɧɟɮɬɟɞɨɛɵɱɚ ɢ 
ɡɨɥɨɬɨɞɨɛɵɱɚ, ɩɢɳɟɜɚɹ ɯɢɦɢɹ, ɦɟɬɚɥɥɭɪɝɢɹ, ɫɵɪɶɟ ɞɥɹ ɥɚɤɨɜ ɢ 
ɤɪɚɫɨɤ, ɜ ɤɨɫɦɟɬɢɱɟɫɤɭɸ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɢ ɞɪɭɝɢɟ ɨɬɪɚɫɥɢ. 
ɇɚɲɢɦɢ ɩɚɪɬɧɟɪɚɦɢ ɹɜɥɹɸɬɫɹ ɤɪɭɩɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɧɚɯɨɞɹɳɢɟɫɹ ɤɚɤ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Рɨɫɫɢɣɫɤɨɣ 
Фɟɞɟɪɚɰɢɢ, ɬɚɤ ɢ ɡɚ ɟɟ ɩɪɟɞɟɥɚɦɢ. Ɇɵ ɫɨɬɪɭɞɧɢɱɚɟɦ ɛɨɥɟɟ ɱɟɦ ɫ 
4000 ɩɚɪɬɧɟɪɚɦɢ ɢɡ 26 ɫɬɪɚɧ ɦɢɪɚ.  

 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɤɨɦɩɚɧɢɢ ɬɚɤɠɟ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɨɬɪɚɫɥɹɦɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɨ 

ɨɫɧɨɜɧɨɣ ɮɭɧɞɚɦɟɧɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɫɬɪɨɟɧ ɧɚ ɡɧɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪ ɩɪɢɦɟɧɟɧɢɹ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɵɪɶɹ. Иɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ ɲɬɚɬɟ ɤɨɦɩɚɧɢɢ ɪɚɛɨɬɚɟɬ ɛɨɥɟɟ 130 
ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɨɬɪɭɞɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɪɨɮɟɫɫɢɨɧɚɥɚɦɢ ɫɜɨɟɝɨ ɞɟɥɚ. Ɇɵ 
ɫɬɪɟɦɢɦɫɹ ɪɚɡɜɢɜɚɬɶ ɫɜɨɢɯ ɫɨɬɪɭɞɧɢɤɨɜ, ɚ ɬɚɤɠɟ ɩɨɦɨɝɚɟɦ ɪɚɡɜɢɜɚɬɶɫɹ ɦɨɥɨɞɵɦ ɫɩɟɰɢɚɥɢɫɬɚɦ. 
Ɇɵ ɩɪɢɧɢɦɚɟɦ ɭɱɚɫɬɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɜɵɫɬɚɜɤɚɯ ɢ ɤɨɧɮɟɪɟɧɰɢɹɯ, 
ɩɨɞɞɟɪɠɢɜɚɟɦ ɪɚɡɜɢɬɢɟ ɢ ɧɚɱɢɧɚɧɢɟ ɦɨɥɨɞɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢ ɭɱɟɧɵɯ.  

 
ȿɠɟɝɨɞɧɨ ɜ ɲɬɚɬɟ ɧɚɲɟɣ ɤɨɦɩɚɧɢɢ 

ɩɪɨɯɨɞɹɬ ɨɡɧɚɤɨɦɢɬɟɥɶɧɭɸ, ɭɱɟɛɧɭɸ, 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɢ ɩɪɟɞɞɢɩɥɨɦɧɭɸ 
ɩɪɚɤɬɢɤɢ ɛɨɥɟɟ 60 ɫɬɭɞɟɧɬɨɜ ɪɚɡɥɢɱɧɵɯ 
ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ ɢ ɤɭɪɫɨɜ, ɦɵ 
ɨɛɟɫɩɟɱɢɜɚɟɦ ɧɚɲɢɯ ɩɪɚɤɬɢɤɚɧɬɨɜ 
ɜɫɟɦɢ ɧɟɨɛɯɨɞɢɦɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ 
ɭɫɩɟɲɧɨɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɩɪɚɤɬɢɤɢ ɢ 
ɞɟɥɢɦɫɹ ɫɚɦɵɦ ɰɟɧɧɵɦ – ɨɩɵɬɨɦ. Ⱦɥɹ 
ɬɚɥɚɧɬɥɢɜɵɯ ɫɬɭɞɟɧɬɨɜ ɩɨɫɥɟɞɧɢɯ 
ɤɭɪɫɨɜ ɦɵ ɩɪɟɞɨɫɬɚɜɥɹɟɦ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ.  

 
 
Ɇɵ ɩɪɢɝɥɚɲɚɟɦ ɦɨɥɨɞɵɯ, ɬɚɥɚɧɬɥɢɜɵɯ ɩɪɨɮɟɫɫɢɨɧɚɥɨɜ ɢ ɛɭɞɭɳɢɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɞɥɹ 

ɩɪɨɯɨɠɞɟɧɢɹ ɩɪɚɤɬɢɤ ɢ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɚ ɜ ɫɥɟɞɭɸɳɢɯ ɨɛɥɚɫɬɹɯ:  
 

- ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɥɨɝɢɫɬɢɤɚ; 
 
- ɩɪɨɦɵɲɥɟɧɧɨɟ ɫɧɚɛɠɟɧɢɟ;  
 
- ɦɚɪɤɟɬɢɧɝ ɢ ɪɟɤɥɚɦɚ;  
 
- ɷɤɨɧɨɦɢɤɚ ɢ ɮɢɧɚɧɫɵ;  
 
- ɩɪɨɝɪɚɦɦɧɚɹ ɢɧɠɟɧɟɪɢɹ; 
 
- ɭɩɪɚɜɥɟɧɢɟ ɢ ɨɪɝɚɧɢɡɚɰɢɹ ɫɛɵɬɨɦ; 
 
- ɢ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ. 

 

«Аɥɶɛɢɨɧ» – ɜɚш ɩеɪɜɵɣ шɚɝ ɤ уɫɩеху! 
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ɄȺɌȺɅɂɁ ȼ ɈɊȽȺɇɂɑȿɋɄɈɆ ɋɂɇɌȿɁȿ 

 
ɂ.ɉ. Ȼɟɥɟɰɤɚɹ 

Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 119991, ɝ. Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɟ Ƚɨɪɵ, ɞ. 1, ɫɬɪ. 3 

e-mail: beletska@org.chem.msu.ru 

 
ȼ ɞɨɤɥɚɞɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, 

ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɛɭɞɟɬ ɭɞɟɥɟɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦ ɧɚ ɩɨɥɢɦɟɪɧɵɯ ɧɨɫɢɬɟɥɹɯ ɧɚɧɨɱɚɫɬɢɰɚɦ ɩɚɥɥɚɞɢɹ ɢ ɦɟɞɢ, 
ɤɚɬɚɥɢɡɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɢɫɥɨɬ Ʌɶɸɢɫɚ ɢ Ȼɪɟɧɫɬɟɞɚ, ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɦɭ ɜɚɪɢɚɧɬɭ ɤɚɬɚɥɢɡɚ.  

The report will deal with the modern catalytic methods used in the organic synthesis, mainly the following aspects will 

be discussed: polymer-supported Pd and Cu nanoparticles, Lewis and Bronsted acids in the catalysis, asymmetric version of 

catalysis.  

 
ȼ ɨɛɥɚɫɬɢ ɧɚɧɨɤɚɬɚɥɢɡɚ ɧɚɦɢ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɢ C(sp2)-

C(sp2), C(sp2)-C(sp), ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɧɚɧɨɩɚɥɥɚɞɢɟɜɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ (PdNPs). ɂɫɫɥɟɞɨɜɚɧɵ 
ɪɟɚɤɰɢɢ ɏɟɤɚ, ɋɭɡɭɤɢ, ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ, ɰɢɚɧɢɪɨɜɚɧɢɹ ɩɪɢ ɤɚɬɚɥɢɡɟ PdNPs, 
ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɦɢ ɞɜɭɦɹ ɬɢɩɚɦɢ ɩɨɥɢɦɟɪɨɜ, ɫɨɩɨɥɢɦɟɪɨɦ ɜɢɧɢɥɫɬɢɪɨɥɚ ɫ ɷɬɢɥɟɧɨɤɫɢɞɨɦ 
(PS-PEO) ɢ ɫɨɩɨɥɢɦɟɪɨɦ ɜɢɧɢɥɢɦɢɞɚɡɨɥɚ ɫ ɜɢɧɢɥɤɚɩɪɨɥɚɤɬɚɦɚ (PVI-PVC). ɇɚɦ ɭɞɚɥɨɫɶ 
ɩɨɤɚɡɚɬɶ, ɱɬɨ PdNPs ɦɨɝɭɬ ɛɵɬɶ ɧɟ ɦɟɧɟɟ, ɚ ɢɧɨɝɞɚ ɢ ɛɨɥɟɟ ɚɤɬɢɜɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ, ɱɟɦ 
ɝɨɦɨɝɟɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɚɥɥɚɞɢɹ ɫ ɞɨɪɨɝɢɦɢ ɢ ɬɨɤɫɢɱɧɵɦɢ ɥɢɝɚɧɞɚɦɢ. ɉɪɟɞɥɨɠɟɧɨ ɨɛɴɹɫɧɟɧɢɟ 
ɞɚɧɧɨɦɭ ɹɜɥɟɧɢɸ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɧɚ ɩɪɢɦɟɪɟ ɪɟɚɤɰɢɢ ɋɭɡɭɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɥɥɚɞɢɟɜɨɣ 
ɱɟɪɧɢ, ɢɦɟɸɳɟɣ ɧɚɧɨɫɬɪɭɤɬɭɪɭ, ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɟɚɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɝɟɬɟɪɨɝɟɧɧɨɦ ɨɤɢɫɥɢɬɟɥɶɧɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ArX ɤ PdNPs, ɚ ɞɚɥɟɟ ɨɛɪɚɡɭɸɳɢɣɫɹ “ArPdX” 
ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɵɱɧɨɦ ɝɨɦɨɝɟɧɧɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɰɢɤɥɟ. 

ȼ ɨɛɥɚɫɬɢ ɤɚɬɚɥɢɡɚ, ɜ ɬɨɦ ɱɢɫɥɟ, ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɝɨ, ɫ ɭɱɚɫɬɢɟɦ ɤɢɫɥɨɬ Ʌɶɸɢɫɚ ɢ ɢɯ 
ɯɢɪɚɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɩɪɨɜɟɞɟɧ ɛɨɥɶɲɨɣ ɰɢɤɥ ɪɚɛɨɬ ɩɨ ɢɡɭɱɟɧɢɸ ɪɟɚɤɰɢɢ Ɏɪɢɞɟɥɹ-Ʉɪɚɮɬɫɚ 
ɦɟɠɞɭ ɢɧɞɨɥɨɦ ɢ ɚɤɰɟɩɬɨɪɚɦɢ Ɇɢɯɚɷɥɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɷɬɢɯ ɪɟɚɤɰɢɹɯ ɩɪɟɤɪɚɫɧɵɟ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɨɹɜɥɹɸɬ ɫɨɥɢ ɦɚɝɧɢɹ ɢ ɤɚɥɶɰɢɹ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɚɦɟɧɚ ɫɨɥɟɣ 
ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɥɚɧɬɚɧɢɞɨɜ ɧɚ ɫɨɥɢ ɦɟɬɚɥɥɨɜ ɝɥɚɜɧɨɣ ɝɪɭɩɩɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɚɠɧɨɟ 
ɹɜɥɟɧɢɟ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. 

Ɉɫɭɳɟɫɬɜɥɟɧɚ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɧɚ ɩɨɥɢɦɟɪ Ɇɟɪɪɢɮɢɥɞɚ ɯɢɪɚɥɶɧɨɝɨ ɛɢɫɨɤɫɚɡɨɥɢɧɨɜɨɝɨ (ȼɈɏ) 
ɥɢɝɚɧɞɚ, ɧɚ ɟɝɨ ɩɪɢɦɟɪɟ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɨɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɜɵɯɨɞɚ ɢ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɰɢɹɯ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɢɧɞɨɥɚ ɤ ɚɤɰɟɩɬɨɪɚɦ Ɇɢɯɚɷɥɹ, 
ɞɨɫɬɢɝɧɭɬɵ ɜɵɫɨɤɢɟ ɜɵɯɨɞɵ ɢ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ, ɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɨɯɪɚɧɹɸɬɫɹ ɩɨɫɥɟ 
ɪɟɰɢɤɥɢɡɚɰɢɢ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɢɧɞɨɥɟ ɢ ɚɪɨɦɚɬɢɱɟɫɤɨɦ ɤɨɥɶɰɟ 
ɡɚɦɟɳɟɧɧɨɝɨ ɨɥɟɮɢɧɚ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɤɚɠɞɵɣ ɢɡ ɪɟɚɝɟɧɬɨɜ ɫɢɥɶɧɨ 
ɜɥɢɹɟɬ ɤɚɤ ɧɚ ɜɵɯɨɞ, ɬɚɤ ɢ ɧɚ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 
ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɬɟɪɦɢɧɚɥɶɧɵɯ ɚɥɤɢɧɨɜ ɤ ɢɦɢɧɚɦ ɫɢɧɬɟɡɢɪɨɜɚɧ 
ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɣ ɧɚ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ ɥɢɝɚɧɞ PyBOX. ɉɨɥɭɱɟɧ ɧɨɜɵɣ ɨɪɝɚɧɨɤɚɬɚɥɢɡɚɬɨɪ – 

ɩɪɨɢɡɜɨɞɧɨɟ ɩɪɨɥɢɧɨɥɚ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɧɚ ɩɨɥɢɫɬɢɪɨɥ, ɤɨɬɨɪɵɣ ɛɵɥ ɢɡɭɱɟɧ ɜ ɪɟɚɤɰɢɢ -
ɚɦɢɧɢɪɨɜɚɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɚɥɶɞɟɝɢɞɨɜ ɢ ɜ ɪɟɚɤɰɢɢ Ɇɢɯɚɷɥɹ ɤɨɪɢɱɧɨɝɨ ɚɥɶɞɟɝɢɞɚ ɫ 
ɞɢɛɟɧɡɢɥɦɚɥɨɧɚɬɨɦ, ɩɪɢ ɷɬɨɦ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɨɥɭɱɟɧɚ ɨɬɥɢɱɧɚɹ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ 
ɩɪɨɰɟɫɫɚ – ɞɨ 99% ee. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɬɟɪɨɝɟɧɧɨɝɨ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ 3 ɰɢɤɥɚɯ ɛɟɡ ɡɚɦɟɬɧɨɝɨ ɩɚɞɟɧɢɹ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ.  
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɇɎ 14-23-00186. 
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ɍȾɄ 282.256.341 

 

ɋɌɈɃɄɂȿ ɈɊȽȺɇɂɑȿɋɄɂȿ ɁȺȽɊəɁɇɂɌȿɅɂ ȼ ȼɈȾɇɈɃ ɗɄɈɋɂɋɌȿɆȿ ɨɡ. ȻȺɃɄȺɅ 

 
Ⱥ.Ƚ. Ƚɨɪɲɤɨɜ 

ɎȽȻɍɇ Ʌɢɦɧɨɥɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664033, ɂɪɤɭɬɫɤ, ɭɥ. ɍɥɚɧ-Ȼɚɬɨɪɫɤɚɹ, 3. 

e-mail: gorchkov_ag@mail.ru 

 
Ⱦɚɧɚ ɨɰɟɧɤɚ ɫɨɞɟɪɠɚɧɢɹ ɫɬɨɣɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ (ɋɈɁ) - ɮɬɚɥɚɬɨɜ, ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɉȺɍ), ɩɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɯ ɛɢɮɟɧɢɥɨɜ (ɉɏȻ) ɢ ɯɥɨɪɨɪɝɚɧɢɱɟɫɤɢɯ ɩɟɫɬɢɰɢɞɨɜ (ȾȾɌ ɢ 
ȾȾȿ) - ɜ ɜɨɞɚɯ ɨɡɟɪɚ Ȼɚɣɤɚɥ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ. ɍɫɬɚɧɨɜɥɟɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɋɈɁ ɢ ɜɪɟɦɟɧɧɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɜɟɪɯɧɢɯ ɢ ɝɥɭɛɢɧɧɵɯ ɝɨɪɢɡɨɧɬɚɯ ɩɟɥɚɝɢɚɥɢ ɨɡɟɪɚ, ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɨɞɟ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ. ȼ ɤɚɱɟɫɬɜɟ ɨɩɨɪɧɵɯ ɬɨɱɟɤ ɦɨɧɢɬɨɪɢɧɝɚ ɋɈɁ ɩɪɟɞɥɨɠɟɧɵ ɫɬɚɧɰɢɢ 
ɪɟɩɟɪɧɨɝɨ ɪɚɡɪɟɡɚ ɜ ɬɪɟɯ ɤɨɬɥɨɜɢɧɚɯ ɨɡɟɪɚ (ɜɟɪɯɧɢɣ ɜɨɞɧɵɣ ɫɥɨɣ, 5-200 ɦ); ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɦɨɧɢɬɨɪɨɜ ɋɈɁ - 

ɛɚɣɤɚɥɶɫɤɢɟ ɜɢɞɵ ɪɵɛ: Ȼɨɥɶɲɚɹ ɢ Ɇɚɥɚɹ ɝɨɥɨɦɹɧɤɢ (ɋ. baicalensis, Pallas, 1776, ɋ. dybowski, Korotneff, 1905), ɨɦɭɥɶ 
(C. migratorius Georgi, 1775). ɋɧɟɠɧɵɣ ɩɨɤɪɨɜ ɢ ɯɜɨɹ ɫɨɫɧɵ (Pinus sylvestris, L.) ɢɫɫɥɟɞɨɜɚɧɵ ɤɚɤ ɢɧɞɢɤɚɬɨɪɵ 
ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ, ɮɟɧɨɦɟɧ ɧɟɮɬɟɩɪɨɹɜɥɟɧɢɣ - ɤɚɤ ɩɪɢɪɨɞɧɵɣ ɢɫɬɨɱɧɢɤ ɋɈɁ. 

The content of persistent organic pollutants (POPs) - phthalates, polycyclic aromatic hydrocarbons (PAH), 

polychlorinated biphenyls (PCBs) and organochlorine pesticides (DDT and DDE) - was estimated in the waters of Lake 

Baikal at the modern period. The spatial heterogeneity of POP distribution and the temporal variability of their 

concentrations in the uppermost and deep waters of the pelagic zone and in the surface waters of the littoral zone of the lake 

were established. As reference points for monitoring POPs in the Baikal water ecosystem, stations of the reference section 

are proposed in the three basins of the lake (the upper water layer, 5-200 m); as biomonitors of POPs - Baikal fish species: 

Big and Small golomyanka (S. baicalensis, Pallas, 1776, S. dybowski, Korotneff, 1905), omul (C. migratorius Georgi, 1775). 

Snow cover and pine needles (Pinus sylvestris, L.) are studied as indicators of atmospheric pollution, the phenomenon of oil 

seeps is a natural source of POPs. 

 
ȼɩɟɪɜɵɟ ɜ ɩɟɥɚɝɢɚɥɢ Ȼɚɣɤɚɥɚ, ɜ ɜɟɪɯɧɢɯ (5 ɦ) ɢ ɝɥɭɛɢɧɧɵɯ 

ɝɨɪɢɡɨɧɬɚɯ, ɩɪɨɜɟɞɟɧ ɤɨɦɩɥɟɤɫɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɱɟɬɵɪɟɯ 
ɤɥɚɫɫɨɜ ɋɈɁ: ɮɬɚɥɚɬɨɜ, ɉȺɍ, ɉɏȻ ɢ ȾȾɌ ɢ ɟɝɨ ɦɟɬɚɛɨɥɢɬɨɜ 
ȾȾȿ ɢ ȾȾȾ. Ɋɹɞ ɋɈɁ, ɜɵɛɪɚɧɧɵɣ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ, ɜɤɥɸɱɚɥ 
ɩɨɥɥɸɬɚɧɬɵ ɩɪɢɨɪɢɬɟɬɧɵɟ ɜ ɜɨɞɧɨɣ ɷɤɨɫɢɫɬɟɦɟ Ȼɚɣɤɚɥɚ ɢ ɛɵɥ 
ɨɛɧɚɪɭɠɟɧ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɬ 10 ɦɤɝ/ɥ 
(ɮɬɚɥɚɬɵ) ɞɨ 10 ɩɝ/ɥ, (ȾȾɌ). Ɉɬɦɟɱɟɧɚ ɜɵɫɨɤɚɹ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɥɸɬɚɬɨɜ ɜ ɜɨɞɟ Ȼɚɣɤɚɥɚ, 
ɡɧɚɱɢɦɚɹ ɦɟɠɝɨɞɨɜɚɹ ɢ ɦɟɠɫɟɡɨɧɧɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ 
ɢɡɦɟɪɹɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. Ⱦɚɧɚ ɨɰɟɧɤɚ ɫɪɟɞɧɢɯ ɭɪɨɜɧɟɣ 
ɫɨɞɟɪɠɚɧɢɹ ɋɈɁ ɜ ɬɪɟɯ ɤɨɬɥɨɜɢɧɚɯ Ȼɚɣɤɚɥɚ. 

ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɬɚɥɚɬɨɜ (∑ɎɌ), ɦɤɝ/ɥ: ɘɠɧɵɣ 
Ȼɚɣɤɚɥ – 0.03-3.7, ɋɪɟɞɧɢɣ Ȼɚɣɤɚɥ – ˂0.03-2.4, ɋɟɜɟɪɧɵɣ 
Ȼɚɣɤɚɥ – ˂0.03-0.86. ɋɨɞɟɪɠɚɧɢɟ ɞɢ-(2-ɞɢɷɬɢɥɝɟɤɫɢɥ)ɮɬɚɥɚɬɚ 
(ȾɗȽɎ) ɧɟ ɩɪɟɜɵɲɚɟɬ ɉȾɄɉȼ (6 ɦɤɝ/ɥ, ɩɢɬɶɟɜɚɹ ɜɨɞɚ). 
Ɉɬɦɟɱɟɧɨ ɩɪɟɜɵɲɟɧɢɟ ɉȾɄɊɏ (1 ɦɤɝ/ɥ, ɜɨɞɚ ɜ ɜɨɞɨɟɦɚɯ 
ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ) ɫɨɞɟɪɠɚɧɢɹ ɞɢ-ɧ-
ɛɭɬɢɥɮɬɚɥɚɬɚ (ȾȻɎ) ɜ ɘɠɧɨɦ Ȼɚɣɤɚɥɟ ɜ ɜɟɫɟɧɧɢɣ ɩɟɪɢɨɞ. 

 
Ɋɢɫ. 1. Ʉɚɪɬɚ-ɫɯɟɦɚ ɨɬɛɨɪɚ ɩɪɨɛ 

ɜɨɞɵ ɜ ɩɟɥɚɝɢɚɥɢ Ȼɚɣɤɚɥɚ. 
Ƚɨɪɢɡɨɧɬ 5 ɦ - 22 ɫɬɚɧɰɢɣ, 

ɝɥɭɛɢɧɧɵɟ ɝɨɪɢɡɨɧɬɵ  
ɞɨ ≤ 1600 ɦ - 3 ɫɬɚɧɰɢɢ. 

ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɉȺɍ (∑ɉȺɍ), ɧɝ/ɥ: ɘɠɧɵɣ Ȼɚɣɤɚɥ – 25-36, ɋɪɟɞɧɢɣ Ȼɚɣɤɚɥ – 11-15, 
ɋɟɜɟɪɧɵɣ Ȼɚɣɤɚɥ – 8.5-16. Ȼɟɧɡ[a]ɩɢɪɟɧ ɧɟ ɨɛɧɚɪɭɠɟɧ ɜɵɲɟ ɭɪɨɜɧɹ ɧɢɠɧɟɣ ɝɪɚɧɢɰɵ 
ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (0.1 ɧɝ/ɞɦ3). ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɉȺɍ, ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜ 
ɩɢɬɶɟɜɨɣ ɜɨɞɟ ɫɬɪɚɧ ȿɗɋ, ɧɢɠɟ ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ ɉȾɄȿɗɋ (200 ɧɝ/ɞɦ3). ɋɭɦɦɚɪɧɚɹ 
ɬɨɤɫɢɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɧɵɯ ɉȺɍ ɨɰɟɧɟɧɚ ɞɢɚɩɚɡɨɧɨɦ ɨɬ ˂0.01 ɞɨ 0.02 ɉȾɄɉȼ ɜ ɷɤɜɢɜɚɥɟɧɬɚɯ 
ɛɟɧɡ[a]ɩɢɪɟɧɚ. 

ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɉɏȻ (∑ɉɏȻ), ɧɝ/ɥ: ɘɠɧɵɣ Ȼɚɣɤɚɥ – 2.8-7.2, ɋɪɟɞɧɢɣ Ȼɚɣɤɚɥ – 1.7-
4.3, ɋɟɜɟɪɧɵɣ Ȼɚɣɤɚɥ – 2.3-3.9. ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɞɢɚɩɚɡɨɧɵ ɤɨɧɰɟɧɬɪɚɰɢɣ ∑ɉɏȻ ɧɟ ɩɪɟɜɵɲɚɸɬ 
ɉȾɄɏȻ, ɭɫɬɚɧɨɜɥɟɧɭɸ ɞɥɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ 
ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ (1000 ɧɝ/ɥ), ɜ ɜɨɞɨɟɦɚɯ, ɢɦɟɸɳɢɯ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɫɨɞɟɪɠɚɧɢɟ 
ɉɏȻ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 
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ɋɪɟɞɧɟɟ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ȾȾɌ (∑ȾȾɌ), ɧɝ/ɥ: ɘɠɧɵɣ Ȼɚɣɤɚɥ – 0.24, ɋɪɟɞɧɢɣ Ȼɚɣɤɚɥ – 
0.15, ɋɟɜɟɪɧɵɣ Ȼɚɣɤɚɥ – 0.13. Ɉɛɧɚɪɭɠɟɧɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾȾɌ ɧɢɠɟ ɉȾɄɏȻ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
ɞɥɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ – 100 ɦɤɝ/ɥ, 
ɧɚ ɩɹɬɶ ɩɨɪɹɞɤɨɜ ɜɟɥɢɱɢɧɵ.  

ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɜɨɞɧɨɣ ɷɤɨɫɢɫɬɟɦɟ Ȼɚɣɤɚɥɚ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɪɹɞɚ ɋɈɁ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɹɞɨɦ 
ɨɛɳɢɯ ɩɪɢɡɧɚɤɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ:  

- ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɫɨɞɟɪɠɚɧɢɹ ɜ ɸɠɧɨɣ ɤɨɬɥɨɜɢɧɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ 
ɜɟɪɯɧɟɝɨ ɜɨɞɧɨɝɨ ɫɥɨɹ (ɞɨ 300 ɦ) ɨɡɟɪɚ, ɨɬɪɚɠɚɸɳɟɝɨ ɫɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɫɨɞɟɪɠɚɧɢɹ ɋɈɁ ɜ 
ɜɨɞɚɯ ɨɡɟɪɚ;  

- ɩɪɨɜɟɞɟɧɢɟ ɤɨɧɬɪɨɥɹ ɋɈɁ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɧɚ ɭɥɶɬɪɚ-ɫɥɟɞɨɜɨɦ ɭɪɨɜɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ 
ɜɨɞɧɨɦ ɨɛɴɟɤɬɟ, ɨɬɥɢɱɚɸɳɢɦɫɹ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɢ ɜɡɜɟɲɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. 

Ɉɞɧɨɜɪɟɦɟɧɧɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɋɈɁ – ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ ɢ ɝɢɞɪɨɮɨɛɧɨɫɬɶ, 
ɢɫɬɨɱɧɢɤɢ ɩɨɫɬɭɩɥɟɧɢɹ ɢ ɭɪɨɜɟɧɶ ɫɨɞɟɪɠɚɧɢɹ ɜ ɜɨɞɟ, ɫɤɨɪɨɫɬɶ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɢ ɫɟɡɨɧɧɚɹ 
ɢɡɦɟɧɱɢɜɨɫɬɶ ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɷɤɨɥɨɝɢɱɟɫɤɨɟ 
ɫɨɫɬɨɹɧɢɟ ɜɨɞɧɨɣ ɷɤɨɫɢɫɬɟɦɵ Ȼɚɣɤɚɥɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶɸ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ 
ɨɬɞɟɥɶɧɵɯ ɤɥɚɫɫɨɜ ɩɨɥɥɸɬɚɧɬɨɜ ɧɚ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɦɟɪɚɯ.  
 

ɉɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɟ ɛɢɮɟɧɢɥɵ 

ȼ ɝɪɭɩɩɟ ɋɈɁ, ɩɪɢɨɪɢɬɟɬɧɵɯ ɜ ɜɨɞɧɨɣ ɷɤɨɫɢɫɬɟɦɟ Ȼɚɣɤɚɥɚ, ɉɏȻ ɜɵɞɟɥɹɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɩɟɪɢɨɞ ɢɯ ɩɨɥɭɪɚɫɩɚɞɚ ɞɨɫɬɢɝɚɟɬ ɞɟɫɹɬɤɢ ɥɟɬ, ɩɨɷɬɨɦɭ ɷɬɢ ɩɨɥɥɸɬɚɧɬɵ ɧɚɢɛɨɥɟɟ 
ɹɪɤɨ ɨɬɪɚɠɚɸɬ ɩɪɨɰɟɫɫ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɋɈɁ ɩɨ ɝɥɭɛɢɧɧɵɦ ɝɨɪɢɡɨɧɬɚɦ. Ʉɚɤ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 
2 ɜ ɩɪɨɛɚɯ ɫ ɝɨɪɢɡɨɧɬɨɜ 800-1600 ɦ ɫɨɞɟɪɠɚɧɢɟ ɜ ɉɏȻ ɧɢɠɟ ɞɨ ɬɪɟɯ ɪɚɡ, ɱɟɦ ɜ ɜɟɪɯɧɟɦ ɜɨɞɧɨɦ 
ɫɥɨɟ. Ʉ ɨɞɧɨɦɭ ɢɡ ɮɟɧɨɦɟɧɨɜ Ȼɚɣɤɚɥɚ ɨɬɧɨɫɹɬ ɩɪɨɰɟɫɫɵ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɛɦɟɧɚ ɜɨɞɧɵɯ ɦɚɫɫ, 
ɨɛɨɡɧɚɱɟɧɧɵɟ ɤɚɤ «ɜɨɡɪɚɫɬ» ɜɨɞɵ. ȼɨɡɪɚɫɬ ɜɨɞɵ - ɜɪɟɦɹ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ 
ɜɨɞɵ ɢɡ ɜɟɪɯɧɢɯ ɜ ɧɢɠɧɢɟ ɝɨɪɢɡɨɧɬɵ ɜɨɞɧɨɝɨ ɬɟɥɚ. Ⱦɥɹ ɫɪɟɞɧɟɣ ɫɚɦɨɣ ɝɥɭɛɨɤɨɣ ɤɨɬɥɨɜɢɧɵ ɨɡɟɪɚ 
ɷɬɨ ɜɪɟɦɹ ɨɰɟɧɟɧɨ ɢɧɬɟɪɜɚɥɨɦ ɨɬ 10 ɞɨ 12 ɥɟɬ. ɇɚ ɷɬɨɦ ɨɫɧɨɜɚɧɢɢ ɦɨɠɟɬ ɛɵɬɶ ɫɞɟɥɚɧɨ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɝɥɭɛɢɧɧɨɣ «ɫɬɚɪɨɣ» ɜɨɞɟ ɛɵɥɢ 
ɢɡɦɟɪɟɧɵ ɉɏȻ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɪɚɧɟɟ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɧɚ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɤɨɧɰɟ ɩɪɨɲɥɨɝɨ 
ɜɟɤɚ. 

 
Ɋɢɫ. 2. ȼɟɪɬɢɤɚɥɶɧɵɟ ɩɪɨɮɢɥɢ ɉɏȻ (ɫɭɦɦɚ ɨɛɧɚɪɭɠɟɧɧɵɯ ɤɨɧɝɟɧɟɪɨɜ, ɧɝ/ɥ) ɜ ɨɡɟɪɟ Ȼɚɣɤɚɥ. 

Ɉɬɛɨɪ ɩɪɨɛ ɦɚɣ-ɢɸɧɶ 2015 ɝ. 
 

ȼ ɩɨɫɥɟɞɭɸɳɢɟ ɝɨɞɵ ɩɪɨɢɡɨɲɥɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉɏȻ ɜ ɜɟɪɯɧɟɦ ɜɨɞɧɨɦ ɫɥɨɟ 
ɨɡɟɪɚ – ɞɨ ɬɪɟɯ ɪɚɡ ɩɨ ɦɚɤɫɢɦɚɥɶɧɵɦ ɨɛɧɚɪɭɠɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɢ ɞɨ 70 ɪɚɡ - ɩɨ ɦɢɧɢɦɚɥɶɧɵɦ. 
Ɏɚɤɬ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉɏȻ ɜ ɜɨɞɟ Ȼɚɣɤɚɥɚ ɩɨɞɬɜɟɪɠɞɟɧ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɷɤɫɩɟɞɢɰɢɣ: ɜ 2014 ɝ. ɇɉɈ «Ɍɚɣɮɭɧ» ɢ ɜ 2015 ɝ. Ʌɂɇ ɋɈ ɊȺɇ. 
 

Ɏɬɚɥɚɬɵ 

Ɏɬɚɥɚɬɵ ɜɚɠɧɟɣɲɢɟ ɩɪɨɞɭɤɬɵ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ 
ɩɪɢɦɟɧɟɧɢɹ: ɜ ɨɛɵɱɧɵɯ ɛɵɬɨɜɵɯ ɢɡɞɟɥɢɹɯ, ɤɨɫɦɟɬɢɤɟ, ɦɨɸɳɢɯ ɫɪɟɞɫɬɜɚɯ, ɩɥɚɫɬɦɚɫɫɚɯ, ɤɪɚɫɤɚɯ 
ɢ ɩɪɨɞɭɤɬɚɯ ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ȼ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɮɬɚɥɚɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɯɢɦɢɱɟɫɤɢ ɧɟ ɫɜɹɡɚɧɵ ɫ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ, ɩɨɷɬɨɦɭ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɥɢ ɤɨɫɜɟɧɧɨ - ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɭɬɢɥɢɡɚɰɢɢ ɩɥɚɫɬɦɚɫɫ, 
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ɩɨɫɬɭɩɚɸɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɉɨɷɬɨɦɭ ɪɟɤɪɟɚɰɢɨɧɧɵɟ ɡɨɧɵ Ȼɚɣɤɚɥɚ - ɡɚɥɢɜɵ ɨɡɟɪɚ ɢ ɟɝɨ 
ɩɪɢɛɪɟɠɧɚɹ ɩɨɥɨɫɚ, ɨɬɥɢɱɚɸɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɫɨɞɟɪɠɚɧɢɹ ɮɬɚɥɚɬɨɜ ɜ ɛɚɣɤɚɥɶɫɤɨɣ ɜɨɞɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɧɢɬɨɪɢɧɝɚ ɮɬɚɥɚɬɨɜ ɜ ɡɚɥɢɜɟ Ʌɢɫɬɜɟɧɧɢɱɧɵɣ (~ 100 ɦ ɨɬ ɛɟɪɟɝɚ), ɩɪɨɜɟɞɟɧɧɨɝɨ 
ɫ ɦɚɪɬɚ ɩɨ ɫɟɧɬɹɛɪɶ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ȾȻɎ ɜ ɩɪɢɛɪɟɠɧɨɣ 
ɜɨɞɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɜɭɦɹ ɦɚɤɫɢɦɭɦɚɦɢ – ɜ ɦɚɟ ɢ ɚɜɝɭɫɬɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɵɫɨɤɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ȾɗȽɎ ɨɬɦɟɱɟɧɚ ɬɨɥɶɤɨ ɜ ɦɚɪɬɟ, ɜ ɩɟɪɢɨɞ ɥɟɞɹɧɨɝɨ ɩɨɤɪɨɜɚ ɧɚ ɨɡɟɪɟ. ȾȻɎ ɢ ȾɗȽɎ, 
ɤɚɤ ɩɥɚɫɬɢɮɢɤɚɬɨɪɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Ɋɨɫɫɢɢ ɢ ɩɨɷɬɨɦɭ, 
ɞɨɥɠɧɵ ɢɦɟɬɶ, ɨɱɟɜɢɞɧɨ, ɨɞɢɧ ɬɟɯɧɨɝɟɧɧɵɣ ɢɫɬɨɱɧɢɤ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, 
ɨɛɧɚɪɭɠɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ȾȻɎ ɢ ȾɗȽɎ ɜ ɪɚɡɧɵɟ ɜɪɟɦɟɧɧɵɟ ɢɧɬɟɪɜɚɥɵ ɞɚɸɬ 
ɨɫɧɨɜɚɧɢɟ ɞɥɹ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɷɬɢɯ ɩɨɥɥɸɬɚɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɨɛɧɚɪɭɠɟɧɢɟ 
ȾȻɎ ɦɨɠɟɬ ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɨɦ ɬɟɯɧɨɝɟɧɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞ ɡɚɥɢɜɚ - ɫɛɪɨɫɚ ɜ ɨɡɟɪɨ ɬɚɥɵɯ 
ɫɧɟɝɨɜɵɯ ɜɨɞ ɢ ɮɬɚɥɚɬɚ, ɧɚɤɨɩɥɟɧɧɨɝɨ ɜ ɫɧɟɠɧɨɦ ɩɨɤɪɨɜɟ ɩɨɛɟɪɟɠɶɹ ɜ ɬɟɱɟɧɢɟ ɡɢɦɧɟɝɨ ɫɟɡɨɧɚ, 
ɩɨɫɬɭɩɥɟɧɢɹ ɢɡ ɚɬɦɨɫɮɟɪɵ ɫ ɚɬɦɨɫɮɟɪɧɵɦɢ ɨɫɚɞɤɚɦɢ ɜ ɉɪɢɛɚɣɤɚɥɶɟ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɝɨɞɚ. ȼ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɩɨɫɬɭɩɥɟɧɢɟ ȾɗȽɎ ɜ ɜɨɞɵ ɨɡɟɪɚ ɜ ɦɚɪɬɟ-ɚɩɪɟɥɟ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɛɢɨɝɟɧɧɵɦ 
ɢɫɬɨɱɧɢɤɨɦ – ɫ ɩɟɪɢɨɞɨɦ ɩɨɞɥɟɞɧɨɝɨ ɰɜɟɬɟɧɢɹ ɞɢɚɬɨɦɨɜɵɯ ɜɨɞɨɪɨɫɥɟɣ. 

 

Ɋɢɫ. 3. Ʉɨɧɰɟɧɬɪɚɰɢɢ ȾȻɎ -   ɢ ȾɗȽɎ -   ɜ ɬɟɱɟɧɢɟ ɫɟɡɨɧɚ 2016 ɝ. 
ɧɚ ɫɬɚɧɰɢɢ ɡɚɥɢɜ Ʌɢɫɬɜɟɧɧɢɱɧɵɣ (ɝɨɪɢɡɨɧɬ 0 ɦ). 

 

ɉɨɥɢɰɢɤɥɢɱɟɫɤɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 

ɉȺɍ ɜ ɜɨɞɧɨɣ ɷɤɨɫɢɫɬɟɦɟ Ȼɚɣɤɚɥɚ ɨɬɥɢɱɚɸɬɫɹ ɧɚɥɢɱɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɢɪɨɞɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ– ɥɟɫɧɵɟ ɩɨɠɚɪɵ ɢ ɟɫɬɟɫɬɜɟɧɧɵɟ ɧɟɮɬɟɩɪɨɹɜɥɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɝɪɹɡɧɟɧɢɹ 
ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ ɞɵɦɚɦɢ ɥɟɫɧɵɯ ɩɨɠɚɪɨɜ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɉȺɍ, ɩɨɫɬɭɩɚɸɳɢɟ ɢɡ 
ɚɬɦɨɫɮɟɪɵ ɜ ɜɨɞɵ ɨɡɟɪɚ, ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɜɨɞɧɨɦ ɫɥɨɟ ɧɚ ɱɚɫɬɢɰɚɯ 
ɜɡɜɟɲɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɩɟɪɟɯɨɞɹɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɞɨɧɧɵɟ ɨɬɥɨɠɟɧɢɹ, ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ 
ɉȺɍ ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɜɨɞɟ ɪɚɫɬɜɨɪɟɧɧɨɣ ɮɨɪɦɟ.  

Ɉɫɟɧɶɸ 2016 ɝ. ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ∑ɉȺɍ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɨɞɟ 
ɸɠɧɨɣ ɤɨɬɥɨɜɢɧɵ ɨɡɟɪɚ, ɞɨ 120 ɧɝ/ɥ, ɩɪɢɱɟɦ ɪɨɫɬ ɤɨɥɢɱɟɫɬɜɚ ɉȺɍ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɜɵɫɨɤɢɦɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɮɟɧɚɧɚɬɪɟɧɚ, ɮɥɭɨɪɚɬɟɧɚ ɢ ɩɢɪɟɧɚ (ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɬɪɟɯ ɚɪɟɧɨɜ 
ɞɨɫɬɢɝɚɥɨ 75 % ɨɬ ∑ɉȺɍ). ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ ɭɤɚɡɚɧɧɵɯ ɚɪɟɧɨɜ ɜ ɛɚɣɤɚɥɶɫɤɨɣ ɜɨɞɟ 
ɜɟɫɧɨɣ 2015-2016 ɝɝ. ɧɟ ɜɵɯɨɞɢɥɨ ɡɚ ɩɪɟɞɟɥɵ ɞɢɚɩɚɡɨɧɚ ɨɬ 1.5 ɞɨ 8.1 ɧɝ/ɥ. ɍɜɟɥɢɱɟɧɢɟ ɉȺɍ ɜ 
ɜɨɞɟ Ȼɚɣɤɚɥɚ ɨɫɟɧɶɸ 2016 ɝ ɫɜɹɡɚɧɨ, ɨɱɟɜɢɞɧɨ, ɫ ɢɧɬɟɧɫɢɜɧɵɦɢ ɥɟɫɧɵɦɢ ɩɨɠɚɪɚɦɢ ɜ 
ɉɪɢɛɚɣɤɚɥɶɟ. ɋɥɟɞɭɟɬ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɚɪɟɧɨɜ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɜɨɞɟ ɧɟ ɩɪɢɜɟɥɨ ɭɜɟɥɢɱɟɧɢɸ ɬɨɤɫɢɱɧɨɫɬɢ ɮɪɚɤɰɢɢ ɉȺɍ, ɢɯ ɫɨɞɟɪɠɚɧɢɟ ɧɟ ɩɪɟɜɵɫɢɥɨ 0.02 
ɉȾɄɉȼ (ɜ ɷɤɜɢɜɚɥɟɧɬɚɯ Ȼɚɉ).  
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Ɋɢɫ.4. ɇɟɮɬɹɧɵɟ ɩɹɬɧɚ ɧɚ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Ȼɚɣɤɚɥɚ (ɞɨ 1 ɦ ɜ ɞɢɚɦɟɬɪɟ)  

ɧɚ ɩɥɨɳɚɞɢ ~ 1 ɤɦ2. Ɋɚɣɨɧ – ɦɵɫ Ƚɨɪɟɜɨɣ ɍɬɟɫ. 
 

ȼ 2005 ɝ. ɧɚ ɬɪɚɜɟɪɡɟ ɭ ɦ. Ƚɨɪɟɜɨɣ ɍɬɟɫ (ɋɪɟɞɧɢɣ Ȼɚɣɤɚɥ) ɛɵɥɨ ɨɬɤɪɵɬɨ ɧɨɜɨɟ 
ɧɟɮɬɟɩɪɨɹɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨ ɜɫɟɦ ɩɚɪɚɦɟɬɪɚɦ ɨɬɥɢɱɚɥɨɫɶ ɨɬ ɢɡɜɟɫɬɧɵɯ ɪɚɧɟɟ. ɗɬɨ ɛɵɥ 
ɝɥɭɛɨɤɨɜɨɞɧɵɣ ɜɵɯɨɞ, ɪɚɡɝɪɭɡɤɚ ɧɟɮɬɢ ɩɪɨɢɫɯɨɞɢɥɚ ɧɚ ɝɥɭɛɢɧɟ 870–920 ɦ. ȼ ɦɨɦɟɧɬ ɫɜɨɟɝɨ 
ɨɛɧɚɪɭɠɟɧɢɹ ɜɵɯɨɞ ɧɟɮɬɢ ɩɪɨɹɜɥɹɥɫɹ ɧɟɮɬɹɧɵɦɢ ɩɹɬɧɚɦɢ ɫ ɞɢɚɦɟɬɪɨɦ ɞɨ 1 ɦ2 ɧɚ ɜɨɞɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɥɨɳɚɞɶɸ ɨɤɨɥɨ 1 ɤɦ2. ɉɪɢ ɨɛɫɥɟɞɨɜɚɧɢɢ ɫ ɩɨɦɨɳɶɸ ɝɥɭɛɨɤɨɜɨɞɧɵɯ ɨɛɢɬɚɟɦɵɯ 
ɚɩɩɚɪɚɬɨɜ «Ɇɢɪ» ɧɚ ɞɧɟ Ȼɚɣɤɚɥɚ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɩɨɫɬɪɨɣɤɢ ɜɵɫɨɬɨɣ ɞɨ 10 ɦ ɢ ɞɢɚɦɟɬɪɨɦ ɞɨ 
10 ɦ, ɫɥɨɠɟɧɧɵɟ ɢɡ ɩɚɪɚɮɢɧɨɜɨɝɨ ɧɟɮɬɹɧɨɝɨ ɛɢɬɭɦɚ. Ɇɨɳɧɨɫɬɶ ɩɨɬɨɤ ɧɟɮɬɢ ɛɵɥɚ ɨɰɟɧɟɧɚ 
ɞɢɚɩɚɡɨɧɨɦ ɨɬ 3.6 ɞɨ 4 ɬ/ɝɨɞ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɫɜɟɠɟɣ ɧɟɮɬɢ, ɩɨɫɬɭɩɢɜɲɟɣ ɧɚ ɜɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɢ ɢɡ ɧɟɮɬɹɧɵɯ 
ɩɹɬɟɧ, ɧɟɮɬɢ ɢɡ ɥɚɤɭɧ ɤɟɪɧɨɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ, ɦɚɬɟɪɢɚɥɚ ɛɢɬɭɦɧɵɯ ɩɨɫɬɪɨɟɤ, ɨɛɪɚɡɰɨɜ ɜɨɞɵ ɫ 
ɪɚɡɥɢɱɧɵɯ ɜɨɞɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɛɵɥɨ ɫɞɟɥɚɧɨ ɫɥɟɞɭɸɳɟɟ ɡɚɤɥɸɱɟɧɢɟ. ɉɪɢ ɪɚɡɝɪɭɡɤɟ ɧɟɮɬɢ ɧɚ 
ɝɥɭɛɨɤɨɜɨɞɧɵɯ ɭɱɚɫɬɤɚɯ Ȼɚɣɤɚɥ ɩɪɨɢɫɯɨɞɢɬ ɟɟ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ – ɨɬɞɟɥɟɧɢɟ ɬɹɠɟɥɵɯ 
ɮɪɚɤɰɢɣ, ɨɛɪɚɡɭɸɳɢɯ ɛɢɬɭɦɧɵɟ ɩɨɫɬɪɨɣɤɢ ɧɚ ɞɧɟ ɨɡɟɪɚ, ɢ ɨɛɨɝɚɳɟɧɢɟ ɧɟɮɬɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ 
ɜɨɞɵ ɨɡɟɪɚ, n-ɚɥɤɚɧɚɦɢ. ɇɨɪɦɚɥɶɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɤɚɤ ɭɫɬɚɧɨɜɥɟɧɨ ɜ 
ɦɨɞɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɥɟɝɤɨ ɛɢɨɞɟɝɪɚɞɢɪɭɸɬɫɹ ɫɨɨɛɳɟɫɬɜɨɦ ɛɚɣɤɚɥɶɫɤɢɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 
ȼɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɉȺɍ ɧɟɮɬɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɜɨɞɵ ɨɡɟɪɚ ɢ ɨɛɥɚɞɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɬɨɤɫɢɱɧɨɫɬɶɸ – ɞɢɛɟɧɡ[a,h]ɚɧɬɪɚɰɟɧ ɢ ɛɟɧɡ[a]ɩɢɪɟɧ, ɚɤɤɭɦɭɥɢɪɭɸɬɫɹ ɜ ɛɢɬɭɦɧɵɯ ɩɨɫɬɪɨɣɤɚɯ. 
ɉȺɍ, ɢɦɟɸɳɢɟ ɬɪɢ-ɩɹɬɶ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɰɢɤɥɨɜ ɜ ɫɬɪɭɤɬɭɪɟ, ɦɨɝɭɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜ 
ɥɢɩɢɞɧɵɯ ɬɟɥɚɯ ɞɢɚɬɨɦɨɜɵɯ ɜɨɞɨɪɨɫɥɟɣ Sydnera acus subsp. radians, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɩɟɪɟɯɨɞɹɬ ɜ ɞɨɧɧɵɟ ɨɬɥɨɠɟɧɢɹ ɜ ɤɨɧɰɟ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ. ɗɬɨɬ ɮɟɧɨɦɟɧ Ȼɚɣɤɚɥɚ - 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɧɟɮɬɢ ɩɪɢ ɟɟ ɪɚɡɝɪɭɡɤɟ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɵɯ ɭɱɚɫɬɤɚɯ, ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɧ-ɚɥɤɚɧɨɜ, 
ɚɤɤɭɦɭɥɹɰɢɹ ɉȺɍ ɜ ɛɢɬɭɦɧɵɯ ɩɨɫɬɪɨɣɤɚɯ ɢ ɥɢɩɢɞɚɯ ɞɢɚɬɨɦɨɜɵɯ ɜɨɞɨɪɨɫɥɟɣ, ɨɬɧɟɫɟɧ ɤ 
ɩɪɢɪɨɞɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɫɨɯɪɚɧɟɧɢɹ ɱɢɫɬɨɬɵ ɟɝɨ ɜɨɞ. 

ɋɈɁ ɜ ɨɛɪɚɡɰɚɯ ɜɨɞɵ, ɛɢɨɬɵ, ɧɟɮɬɢ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ 
ɜ ɪɟɠɢɦɚɯ ɫɟɥɟɤɬɢɜɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɵɛɪɚɧɧɵɯ ɢɨɧɨɜ ɢɥɢ ɦɨɧɢɬɨɪɢɧɝɚ ɜɵɛɪɚɧɧɵɯ ɪɟɚɤɰɢɣ. 
Ɇɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɋɈɁ, ɚɩɪɨɛɢɪɨɜɚɧɧɵɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɦɨɝɭɬ 
ɛɵɬɶ ɩɨɥɨɠɟɧɵ ɜ ɨɫɧɨɜɭ ɫɨɜɪɟɦɟɧɧɨɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɋɈɁ ɜ ɜɨɞɧɨɣ ɷɤɨɫɢɫɬɟɦɟ Ȼɚɣɤɚɥɚ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ Ȼɚɣɤɚɥɶɫɤɨɦ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɰɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɋɈ 

ɊȺɇ ɜ ɪɚɦɤɚɯ ɛɚɡɨɜɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ (ɩɪɨɟɤɬ: № 0345–2014–0007, № ɝɨɫ. ɪɟɝ. 
01201353446).  

Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɢɫɤɪɟɧɧɸɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɨɬɪɭɞɧɢɤɚɦ ɥɚɛɨɪɚɬɨɪɢɢ ɯɪɨɦɚɬɨɝɪɚɮɢɢ 
Ʌɂɇ ɋɈ ɊȺɇ: ɜɟɞ. ɢɧɠɟɧɟɪɭ Ɉ.ȼ. Ʉɭɫɬɨɜɨɣ, ɢɧɠɟɧɟɪɭ Ɍ.Ⱥ. ɒɢɲɥɹɧɧɢɤɨɜɨɣ, ɚɫɩɢɪɚɧɬɚɦ Ɍ.Ⱥ. 
Ȼɚɛɟɧɤɨ, Ɉ.ɇ. ɂɡɨɫɢɦɨɜɨɣ; ɫɨɬɪɭɞɧɢɤɚɦ Ʌɂɇ ɋɈ ɊȺɇ: ɫ.ɧ.ɫ., ɤ.ɝ.ɧ. ȼ.Ⱥ. Ɉɛɨɥɤɢɧɭ, ɫ.ɧ.ɫ., ɤ.ɛ.ɧ 
ɋ.Ɇ. ɒɢɲɥɹɧɧɢɤɨɜɭ, ɫ.ɧ.ɫ., ɤ.ɛ.ɧ. Ю.Ɋ. Ɂɚɯɚɪɨɜɨɣ, ɦ.ɧ.ɫ., ɤ.ɛ.ɧ. ɂ.ɋ. Ɇɢɯɚɣɥɨɜɭ, ɫɨɬɪɭɞɧɢɤɭ ɂȽɍ: 
ɧ.ɫ., ɤ.ɯ.ɧ. ȼ.Ⱥ. ɏɭɬɨɪɹɧɫɤɨɦɭ ɡɚ ɩɪɨɜɟɞɟɧɢɟ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɡɚ ɩɨɦɨɳɶ ɜ ɨɬɛɨɪɟ 
ɩɪɨɛ ɜɨɞɵ ɢ ɛɢɨɬɵ Ȼɚɣɤɚɥɚ. 
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ɍȾɄ 543.429.23 

 

Ɉ ȼɈɁɆɈɀɇɈɋɌɂ ɈɉɊȿȾȿɅȿɇɂə ɂɁ ɋɉȿɄɌɊɈȼ əɆɊ 1ɇ ȺɊɈɆȺɌɂɑɇɈɋɌɂ 
ɇȿɎɌɂ ɂ ȿЁ ɎɊȺɄɐɂɃ 

 

ɇ.Ⱥ. Ʉɨɦɚɪɨɜ1, Ƚ.Ⱥ. Ʉɚɥɚɛɢɧ2 
1ɈɈɈ «ɂɥɶɫɤɢɣ ɇɉɁ» 

2ɎȽȺɈɍ ȼɈ «Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ» 

 
ɋɩɟɤɬɪɨɫɤɨɩɢɹ əɆɊ - ɨɛɳɟɩɪɢɡɧɚɧɧɵɣ ɥɢɞɟɪ ɫɪɟɞɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɮɨɪɦɭɥ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɫɢɧɬɟɡɢɪɭɟɦɵɯ 
ɢɥɢ ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɫɥɭɱɚɟ 
ɧɟɮɬɢ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɧɨɠɟɫɬɜɨ ɫɨɟɞɢɧɟɧɢɣ, ɜ ɨɫɧɨɜɧɨɦ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɛɨɥɟɟ 
ɜɚɠɧɚ ɞɪɭɝɚɹ ɭɧɢɤɚɥɶɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɦɟɬɨɞɚ - ɫɬɪɨɝɚɹ ɥɢɧɟɣɧɚɹ ɫɜɹɡɶ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɨɬɞɟɥɶɧɵɯ ɝɪɭɩɩ ɫɢɝɧɚɥɨɜ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ (ɚɧɚɥɢɬɚ) ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɨɛɥɚɫɬɹɯ ɯɢɦɢɱɟɫɤɢɯ ɫɞɜɢɝɨɜ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɢ 13ɋ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɢɯ ɫɜɨɣɫɬɜɚ. 

ȼɫɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ — ɷɥɟɦɟɧɬɧɨɝɨ 
(ɪɟɧɬɝɟɧɨɮɥɸɨɪɟɫɰɟɧɬɧɚɹ, ɚɛɫɨɪɛɰɢɨɧɧɚɹ ɢ ɷɦɢɫɫɢɨɧɧɚɹ ɨɩɬɢɱɟɫɤɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ), 
ɮɪɚɝɦɟɧɬɧɨɝɨ (ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ) ɢ ɤɨɦɩɨɧɟɧɬɧɨɝɨ (ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ, ɯɪɨɦɚɬɨɝɪɚɮɢɹ) ɧɟ 
ɹɜɥɹɸɬɫɹ ɩɪɹɦɵɦɢ ɢ ɩɟɪɜɢɱɧɵɦɢ, ɬ.ɤ. ɬɪɟɛɭɸɬ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɨɩɪɟɞɟɥɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ. ɋɩɟɤɬɪɨɫɤɨɩɢɹ əɆɊ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɞɪɭɠɟɫɬɜɟɧɧɵɦ ɦɟɬɨɞɨɦ, ɧɟ 
ɬɪɟɛɭɸɳɢɦ, ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ, ɚ ɬɚɤɠɟ ɪɚɡɪɭɲɟɧɢɹ, ɦɨɞɢɮɢɤɚɰɢɢ ɢɥɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɚɧɚɥɢɬɚ. 

Ɉɞɧɚ ɢɡ ɜɚɠɧɟɣɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɮɬɢ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ - ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ 
ɧɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ (ɋAr). ɗɬɨɬ ɩɚɪɚɦɟɬɪ, ɧɚɡɵɜɚɟɦɵɣ ɚɪɨɦɚɬɢɱɧɨɫɬɶɸ, ɩɨɦɢɦɨ 
ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɢɦɟɟɬ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɜɚɠɧɨɫɬɶ ɜɜɢɞɭ ɩɨɜɵɲɟɧɧɨɣ 
ɬɨɤɫɢɱɧɨɫɬɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɋ 2007 ɝɨɞɚ ɜɜɨɡ ɜ ȿɋ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɫɬɪɨɝɨ 
ɤɜɨɬɢɪɨɜɚɧ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɪɟɝɥɚɦɟɧɬɨɦ REȺCH [1].  

ȿɞɢɧɫɬɜɟɧɧɵɣ ɦɟɬɨɞ ɩɪɹɦɨɝɨ ɢɡɦɟɪɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɋAr ɜ ɭɝɥɟɜɨɞɨɪɨɞɚɯ -ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ 
ɫɩɟɤɬɪɨɫɤɨɩɢɹ əɆɊ 13ɋ. Ɉɛɳɟɩɪɢɧɹɬɨɣ ɦɟɬɨɞɢɤɨɣ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɚɯ 
ɹɜɥɹɟɬɫɹ ɩɪɨɬɨɤɨɥ ASTM D 5292-99 ɜ ɪɟɞɚɤɰɢɢ 2009 ɝ. (ASTM — «Standard Test Method for 
Aromatic Carbon Contents of Hydrocarbon Oils by High Resolution Nuclear Magnetic Resonance 
Spectroscopy»), ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɫɬɪɨɝɢɟ ɩɪɚɜɢɥɚ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ 
ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɢ 13ɋ ɨɛɴɟɤɬɚ ɚɧɚɥɢɡɚ. ȼɵɩɨɥɧɹɹ ɫɥɟɞɭɟɦɵɟ ɢɦ ɢɡɦɟɪɟɧɢɹ ɋAr ɜ ɪɚɡɥɢɱɧɵɯ 
ɧɟɮɬɹɯ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɚɯ, ɦɵ ɜɵɹɜɢɥɢ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ ɷɬɨɣ ɦɟɬɨɞɢɤɢ, ɫɭɳɟɫɬɜɟɧɧɨ 
ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɟɟ ɩɪɢɦɟɧɟɧɢɟ: 
1) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ əɆɊ 13ɋ, ɱɬɨ 
ɧɟɭɞɨɛɧɨ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ; 
2) Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɰɢɤɥɚ ɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɋAr ɡɚɧɢɦɚɟɬ ɧɟɫɤɨɥɶɤɨ 
ɱɚɫɨɜ ɜɫɥɟɞɫɬɜɢɟ ɧɢɡɤɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɢɡɨɬɨɩɚ 13ɋ (1.1%); 
3) ȼɵɫɨɤɢɣ ɩɪɟɞɟɥ ɨɛɧɚɪɭɠɟɧɢɹ ɋAr (>0.5%) ɢ ɤɪɢɬɟɪɢɹ ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ (±4% ɞɥɹ 
ɨɞɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɢɡ ɞɜɚɞɰɚɬɢ);  
4) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɩɟɤɬɪɚ əɆɊ 1ɇ ɪɚɫɬɜɨɪɚ ɚɧɚɥɢɬɚ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɟɧɶɲɟɣ ɧɚ ɩɨɪɹɞɨɤ, ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɩɪɢɫɭɬɫɬɜɢɹ ɫɢɝɧɚɥɨɜ ɨɥɟɮɢɧɨɜɵɯ 
ɮɪɚɝɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɜ ɫɩɟɤɬɪɟ əɆɊ 13ɋ ɫɨɜɩɚɞɚɸɬ ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ;  
5) Ɉɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɋAr ɨɫɧɨɜɚɧɚ ɧɚ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɫɢɝɧɚɥɚ 
ɪɚɫɬɜɨɪɢɬɟɥɹ CDCl3, ɚ ɧɟ ɢɧɬɟɪɟɫɭɸɳɟɝɨ ɫɢɝɧɚɥɚ əɆɊ 13ɋ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɡɚɦɟɱɚɧɢɹ ɦɨɬɢɜɢɪɨɜɚɥɢ ɧɚɫ ɤɚɤ ɧɚ ɨɩɬɢɦɢɡɚɰɢɸ ɦɟɬɨɞɢɤɢ ASTM ɞɥɹ 
ɭɩɪɨɳɟɧɢɹ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɬɚɤ ɢ ɫɨɡɞɚɧɢɟ ɧɨɜɨɣ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɋAr ɢɡ ɫɩɟɤɬɪɚ əɆɊ 1ɇ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɜɚɠɧɨ. 

Ɋɚɧɟɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɋAr ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɇAr ɢɡ ɫɩɟɤɬɪɚ əɆɊ 
1ɇ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ [2] ɭɪɚɜɧɟɧɢɟ (1): 
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ɋAr = 100 – (100 – ɇAr)(ɇ/ɋ)/z,                                                                                        (1) 
 
ɝɞɟ ɇ ɢ ɋ — ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɪɚɡɰɟ (ɢɡ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ), ɚ z - ɫɪɟɞɧɟɟ 
ɚɬɨɦɧɨɟ ɨɬɧɨɲɟɧɢɟ ɇ/ɋ ɜɨ ɮɪɚɝɦɟɧɬɚɯ ɋɇn, ɨɬɥɢɱɧɵɯ ɨɬ ɚɪɨɦɚɬɢɱɟɫɤɢɯ.  
 

ɏɨɬɹ ɷɬɚ ɦɟɬɨɞɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ, ɟɟ ɝɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ — 
ɩɪɨɢɡɜɨɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɡɧɚɱɟɧɢɹ z. 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɛɨɥɟɟ ɬɪёɯɫɨɬ ɨɛɪɚɡɰɨɜ ɭɝɨɥɶɧɵɯ ɞɢɫɬɢɥɥɹɬɨɜ ɢ ɧɟɤɨɬɨɪɵɯ 
ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɦɟɬɨɞɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ əɆɊ 1ɇ ɜ ɫɬɪɨɝɨ ɩɨɞɨɛɪɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɪɚɫɱɟɬɚ 
ɋAr ɩɪɟɞɥɨɠɟɧɨ [2] ɧɟɥɢɧɟɣɧɨɟ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ (2), ɤɨɬɨɪɨɟ ɭɫɩɟɲɧɨ 
ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɋAr ɞɥɹ ɞɢɫɬɢɥɥɹɬɨɜ, >50% ɨɛɴɟɦɚ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ <320 °ɋ: 

 
ɋAr = {0.282 [(ɇAr)–1 – 0.01] + 0.01}–1                                                                           (2) 

 
ɋɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɋAr ɨɬ ɢɫɬɢɧɧɵɯ ɫɨɫɬɚɜɥɹɟɬ 1.8%. 

ɍɪɚɜɧɟɧɢɟ ɧɟɩɪɢɦɟɧɢɦɨ ɞɥɹ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ ɢ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɮɪɚɤɰɢɣ. Ⱦɪɭɝɢɦɢ 
ɚɜɬɨɪɚɦɢ [3] ɩɪɟɞɥɨɠɟɧɚ ɤɜɚɞɪɚɬɢɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɨɝɨ ɜɢɞɚ: 

 
ɋAr = –0.23878276 + 4.581846ɇAr – 0.1(ɇAr)2                                                                  (3) 

 
Ɉɱɟɜɢɞɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɡ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɚɧɧɵɟ ɬɨɥɶɤɨ ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɜ ɚɧɚɥɢɬɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɬɨɦɨɜ 
ɜɨɞɨɪɨɞɚ ɛɟɡ ɭɱɟɬɚ ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɩɨ ɚɥɢɮɚɬɢɱɟɫɤɢɦ ɮɪɚɝɦɟɧɬɚɦ - ɧɟ 
ɦɟɧɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɞɟɫɤɪɢɩɬɨɪɚɦ. Ɉɬɫɸɞɚ ɫɥɟɞɭɸɬ ɧɟɦɢɧɭɟɦɵɟ ɩɨɝɪɟɲɧɨɫɬɢ 
ɩɪɨɝɧɨɡɚ ɋAr, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɜɨɡɪɚɫɬɚɬɶ ɫ ɪɨɫɬɨɦ ɫɥɨɠɧɨɫɬɢ ɦɨɥɟɤɭɥ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 
ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 1 ɢ 2 ɞɨɥɢ ɇȺr ɪɚɜɧɵ, ɬ.ɟ.  ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (2) ɢɥɢ 
(3) ɡɧɚɱɟɧɢɹ ɋAr ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵɦɢ, ɯɨɬɹ ɪɟɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɡɥɢɱɚɸɬɫɹ ɧɚ 7.8%. 

 
 
ȼ ɫɩɟɤɬɪɚɯ əɆɊ 1ɇ ɧɟɮɬɢ, ɟɟ ɥɸɛɵɯ ɮɪɚɤɰɢɣ ɢ ɜɬɨɪɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɨɦɢɦɨ ɇȺr ɥɟɝɤɨ 

ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɪɟɧɵ ɢɧɬɟɝɪɚɥɶɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɜɫɟɯ ɞɪɭɝɢɯ ɮɪɚɝɦɟɧɬɨɜ: 
ɇol (ɨɥɟɮɢɧɨɜɵɯ) ɜ ɞɢɚɩɚɡɨɧɟ δ = 4.5-6.0 ɦ.ɞ.; ɇα (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɮɪɚɝɦɟɧɬɨɜ ɋɇn, 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɤɨɥɶɰɨɦ) ɩɪɢ δ = 2.0-4.0 ɦ.ɞ.; ɇȕ (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ 
ȕ-ɦɟɬɢɥɶɧɵɯ, ȕ- ɢ ɞɚɥɟɟ ɦɟɬɢɥɟɧɨɜɵɯ ɢ ɦɟɬɢɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ 
ɤɨɥɶɰɚ, ɚ ɬɚɤɠɟ ɜɫɟɯ ɦɟɬɢɥɟɧɨɜɵɯ ɢ ɦɟɬɢɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ ɧɚɫɵɳɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ) ɩɪɢ δ = 
1.0-2.0 ɦ.ɞ.; ɇȖ (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɧɚɫɵɳɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɥɢ ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
Ȗ-ɩɨɥɨɠɟɧɢɢ ɢ ɞɚɥɟɟ ɨɬ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ) ɩɪɢ δ ≤1.0 ɦ.ɞ. [4]. Ɋɚɡɞɟɥɟɧɢɟ ɫɩɟɤɬɪɚ ɧɚ 
ɭɤɚɡɚɧɧɵɟ ɞɢɚɩɚɡɨɧɵ ɫɥɟɞɭɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɟ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɬɨɱɧɨ ɮɢɤɫɢɪɨɜɚɧɧɵɦ 
ɜɟɥɢɱɢɧɚɦ ɯɢɦɢɱɟɫɤɢɯ ɫɞɜɢɝɨɜ, ɚ ɩɨ ɦɢɧɢɦɭɦɚɦ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɛɥɢɡɤɢɦ ɤ ɭɤɚɡɚɧɧɵɦ 
ɡɧɚɱɟɧɢɹɦ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɢɯ ɜɨɡɦɨɠɧɵɟ ɧɟɛɨɥɶɲɢɟ ɜɚɪɢɚɰɢɢ ɢɡ-ɡɚ ɭɫɥɨɜɢɣ ɪɟɝɢɫɬɪɚɰɢɢ 
ɫɩɟɤɬɪɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɚɪɨɦɚɬɢɱɧɨɫɬɢ ɚɧɚɥɢɬɚ. ȿɫɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɢɝɧɚɥɚ ɇȺr 
ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɨɥɶɤɨ ɧɟɡɚɦɟɳёɧɧɵɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɮɪɚɝɦɟɧɬɵ, ɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɢɝɧɚɥɚ 
ɩɪɨɬɨɧɨɜ ɮɪɚɝɦɟɧɬɨɜ ɜ α-ɩɨɥɨɠɟɧɢɢ ɤ ɛɟɧɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ ɨɬɪɚɠɚɟɬ ɫɬɟɩɟɧɶ ɡɚɦɟɳɟɧɢɹ ɋAr 
ɭɝɥɟɪɨɞɧɵɦɢ ɚɬɨɦɚɦɢ, ɢɦɟɸɳɢɦɢ sp3-ɝɢɛɪɢɞɢɡɚɰɢɸ. Ɉɩɪɟɞɟɥёɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɞɚɸɬ ɬɚɤɠɟ 
ɢɧɬɟɝɪɚɥɶɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɨɜ ɇȕ ɢ ɇȖ. ɇɚɦɢ ɪɚɧɟɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɢɡ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ 
ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɢ 13ɋ ɜɟɥɢɱɢɧɵ ɋAr ɞɥɹ 17 ɨɛɪɚɡɰɨɜ ɛɟɧɡɢɧɨɜ, ɞɢɡɟɥɶɧɵɯ ɢ ɩɟɱɧɵɯ ɬɨɩɥɢɜ, 
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ɦɚɡɭɬɨɜ ɢ ɝɭɞɪɨɧɨɜ [5]. ȼɡɚɢɦɨɫɜɹɡɶ ɋAr ɢɡ ɫɩɟɤɬɪɨɜ əɆɊ 13ɋ ɫ ɞɟɫɤɪɢɩɬɨɪɚɦɢ ɇAr, ɇα, ɇȕ ɢ ɇȖ ɢɡ 
ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɧɚɢɛɨɥɟɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɚɞɟɠɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɪɝɭɦɟɧɬɨɜ ɇAr, ɇα ɢ ɇȕ: 

 
ɋAr´ = –11.5(±2.4) + 3.766(±0.338)ɇAr + 0.407(±0.169)ɇα + 0.188(±0.042)ɇȕ                     (4) 

R2 = 0.985, S = 0.0102, n = 17 
 
Ɋɚɫɲɢɪɟɧɢɟ ɫɩɢɫɤɚ ɚɧɚɥɢɬɨɜ ɞɨ 70 ɩɭɬɟɦ ɜɤɥɸɱɟɧɢɹ ɜ ɧɟɝɨ ɞɚɧɧɵɯ ɞɥɹ ɨɤɨɥɨ 50 ɧɟɮɬɟɣ 

ɧɟɫɤɨɥɶɤɨ ɢɡɦɟɧɢɥɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (4):  
 

ɋȺr´ = –10.5(±1.6) + 3.455(±0.202)ɇȺr + 0.503(±0.092)ɇȖ + 0.178(0.025)ɇȕ                         (5) 
R2 = 0.969, S = 0.009, n = 70 

 
ɋɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɭɪɚɜɧɟɧɢɣ (4) ɢ (5) ɩɨɡɜɨɥɹɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɯɨɬɹ ɡɧɚɱɟɧɢɟ R2 ɞɥɹ 

ɩɨɫɥɟɞɧɟɝɨ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (5) ɢɡɦɟɧɢɥɢɫɶ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɢ ɜɫɟ ɛɟɡ ɢɫɤɥɸɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦɢ. ɇɟɫɤɨɥɶɤɨ 
ɧɟɨɠɢɞɚɧɧɵɦ ɨɤɚɡɚɥɫɹ ɡɧɚɤ “+” ɭ ɞɟɫɤɪɢɩɬɨɪɚ ɇȕ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɮɪɚɝɦɟɧɬɵ 
ɧɟ ɭɜɟɥɢɱɢɜɚɸɳɢɟ, ɚ ɭɦɟɧɶɲɚɸɳɢɟ ɚɪɨɦɚɬɢɱɧɨɫɬɶ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɧɢɰɢɢɪɨɜɚɥɢ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɨɩɪɨɫɚ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɚɞɚɩɬɚɰɢɢ 
ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɋȺr ɤ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɫɟɪɢɣɧɵɦ ɫɩɟɤɬɪɨɦɟɬɪɚɦ əɆɊ 1ɇ ɫ 
ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ ɢ ɪɚɛɨɱɢɦɢ ɱɚɫɬɨɬɚɦɢ 40-80 ɆȽɰ, ɬ.ɟ. ɢɧɞɭɫɬɪɢɚɥɶɧɵɦ ɫɩɟɤɬɪɨɦɟɬɪɚɦ 
əɆɊ 1ɇ, ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɨɬɨɪɵɯ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɨɡɪɚɫɬɚɟɬ («PicoSpin-45», «PicoSpin-80», 
«Magritek», «NMReady», «Pulsar»). ɋ ɷɬɨɣ ɰɟɥɶɸ ɧɚ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɦ ɧɚɦ ɧɚ ɚɩɪɨɛɚɰɢɸ 
ɫɩɟɤɬɪɨɦɟɬɪɟ «Pulsar» ɫ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɨɣ 60 ɆȽɰ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɫɩɟɤɬɪɵ əɆɊ 1ɇ ɞɥɹ ɧɨɜɨɣ 
ɫɟɪɢɢ ɢɡ 20 ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɜɤɥɸɱɚɸɳɢɯ ɧɟɮɬɶ, ɛɟɧɡɢɧ, ɤɟɪɨɫɢɧ, ɞɢɡɟɥɶɧɨɟ 
ɬɨɩɥɢɜɨ, ɝɚɡɨɣɥɶ, ɦɚɡɭɬ. Ɂɧɚɱɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɢɝɧɚɥɨɜ ɇȺr, ɇα, ɇȕ ɢ ɇȖ, 
ɢɡɦɟɪɟɧɧɵɟ ɩɨ ɬɨɱɤɚɦ ɦɢɧɢɦɭɦɨɜ ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɥɨɬɧɨɫɬɟɣ, ɜ ɩɪɟɞɟɥɚɯ 2.0% ɫɨɜɩɚɥɢ ɫ 
ɬɚɤɨɜɵɦɢ, ɢɡɦɟɪɟɧɧɵɦɢ ɧɚ ɱɚɫɬɨɬɟ 600 ɆȽɰ. ɏɨɬɹ ɞɥɹ 60 ɆȽɰ ɩɟɪɟɤɪɵɜɚɧɢɟ ɫɢɝɧɚɥɨɜ 
ɮɪɚɝɦɟɧɬɨɜ ɇα, ɇȕ ɢ ɇȖ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ, ɦɢɧɢɦɭɦɵ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɟ ɫɦɟɳɚɸɬɫɹ.  

Ɇɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɋAr, ɢɡɦɟɪɟɧɧɵɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ əɆɊ ɫɨ 
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɦ ɦɚɝɧɢɬɨɦ ɧɚ ɱɚɫɬɨɬɟ 150 ɆȽɰ ɢ ɮɪɚɝɦɟɧɬɧɵɦ ɫɨɫɬɚɜɨɦ ɢɡ ɫɩɟɤɬɪɚ əɆɊ 1ɇ ɧɚ 
ɱɚɫɬɨɬɟ 60 ɆȽɰ ɧɚɢɛɨɥɟɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɨɣ ɨɤɚɡɚɥɚɫɶ ɫɥɟɞɭɸɳɚɹ ɩɨɥɢɥɢɧɟɣɧɚɹ ɫɜɹɡɶ: 

 
ɋȺr´ = 8.3(±4.9) + 2.15(±0.69)ɇȺr + 0.62(±0.20)ɇα - 0.18(±0.09)ɇȖ                                                          (6) 

R2 = 0.990, S = 0.005, n = 20 
 
ȿɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɨɤɚɡɚɥɢɫɶ ɥɭɱɲɟ ɩɪɟɞɵɞɭɳɢɯ. ȼɤɥɸɱɟɧɢɟ ɜ ɷɬɨ ɭɪɚɜɧɟɧɢɟ 

ɡɧɚɱɟɧɢɣ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɞɚɧɧɵɯ ɢɡ [4-6] ɞɥɹ ɞɟɫɤɪɢɩɬɨɪɨɜ ɋȺr, 
ɇȺr, ɇα, ɇȕ ɢ ɇȖ, ɢɡɦɟɪɟɧɧɵɯ ɧɚ ɱɚɫɬɨɬɚɯ 125 ɢɥɢ 150 ɆȽɰ ɞɥɹ 13ɋ, 500 ɢ 600 ɆȽɰ ɞɥɹ 1ɇ 
ɩɪɢɜɨɞɢɬ ɤ ɧɟɤɨɬɨɪɨɦɭ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɩɨɥɢɥɢɧɟɣɧɨɣ ɜɡɚɢɦɨɫɜɹɡɢ: 

 
ɋȺr´ = 7.0(±0.9) + 3.06(±0.17)ɇȺr + 0.42(±0.09)ɇα - 0.17(±0.02)ɇȖ                           (7) 

R2 = 0.974, S = 0.008, n = 102 
 
ɗɬɨ ɨɱɟɜɢɞɧɨ, ɬ.ɤ. ɧɟ ɬɨɥɶɤɨ ɱɚɫɬɨɬɵ əɆɊ, ɧɨ ɢ ɤɨɧɤɪɟɬɧɵɟ ɭɫɥɨɜɢɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɚɧɚɥɢɬɨɜ 

ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɟɤɬɪɨɜ, ɱɚɫɬɶ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɚ ɨɤɨɥɨ 30 ɥɟɬ ɧɚɡɚɞ, ɛɵɥɢ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɧɵɦɢ. 
ɉɨɥɭɱɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɫɬɨɥɶ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɨɣ ɫɟɪɢɢ ɨɛɪɚɡɰɨɜ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɧɚɦɢ ɞɥɹ 
ɛɵɫɬɪɨɣ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɣ ɨɰɟɧɤɢ CAr ɧɚ ɥɸɛɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ 1ɇ, ɢɦɟɸɳɟɦ ɪɚɡɪɟɲɚɸɳɭɸ 
ɫɩɨɫɨɛɧɨɫɬɶ ɧɟ ɧɢɠɟ 0,5 Ƚɰ. 

ɂɡ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɜ ɪɟɠɢɦɟ ɢɡɦɟɪɟɧɢɹ ɚɛɫɨɥɸɬɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɢɥɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɨɜ ɦɨɠɧɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɬɶ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ 
ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ ɚɧɚɥɢɬɟ ɢ ɟɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɮɪɚɝɦɟɧɬɚɯ, ɫɨɞɟɪɠɚɧɢɟ ɚɬɨɦɨɜ 
ɭɝɥɟɪɨɞɚ (ɩɪɢ ɧɟɡɚɜɢɫɢɦɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ) ɛɟɡ ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɟɤɬɪɚ əɆɊ 13ɋ. 
Ⱥɧɚɥɢɡ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɚ ɇAr ɜ ɞɢɚɩɚɡɨɧɟ δ = 6.3-9.0 ɦ.ɞ. ɩɨɡɜɨɥɹɟɬ 
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ɨɰɟɧɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɚɧɚɥɢɬɟ ɦɨɧɨ-, ɛɢ- ɢ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɮɪɚɝɦɟɧɬɨɜ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɜɥɢɹɧɢɢ ɦɚɝɧɢɬɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɛɟɧɡɨɥɶɧɵɯ ɤɨɥɟɰ ɧɚ 
ɷɤɪɚɧɢɪɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ. 

 
Ɂɚɤɥɸɱɟɧɢɟ. 

ɉɪɟɞɥɨɠɟɧɚ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɬɨɦɨɜ 
ɭɝɥɟɪɨɞɚ ɜ ɧɟɮɬɢ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɚɯ ɧɚ ɨɫɧɨɜɟ ɢɯ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ, ɤɨɬɨɪɚɹ ɩɪɟɜɨɫɯɨɞɢɬ ɩɨ 
ɫɜɨɢɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɚɧɚɥɨɝɢɱɧɵɟ ɦɟɬɨɞɢɤɢ, ɢɡɜɟɫɬɧɵɟ ɪɚɧɟɟ. ɉɪɨɜɟɞɟɧɢɟ ɛɨɥɟɟ 
ɞɟɬɚɥɶɧɨɣ ɨɰɟɧɤɢ ɝɪɚɧɢɰ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɧɟɮɬɟɣ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɩɨɡɜɨɥɢɬ 
ɜɵɹɫɧɢɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɜɜɟɞɟɧɢɹ ɜ ɩɪɟɞɥɚɝɚɟɦɵɟ ɪɚɫɱɟɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɚɪɝɭɦɟɧɬɨɜ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɇȺr ɩɨ ɦɨɧɨ-, ɛɢ- ɢ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɦ ɫɢɫɬɟɦɚɦ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɵ ɢɡ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɫɬɨɥɶɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ Pulsar (Oxford Instruments Ltd) 
ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ 60 ɆȽɰ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɧɟɮɬɢ ɢ ɟɟ ɮɪɚɤɰɢɹɯ ɩɟɪɜɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 
ɧɟ ɛɨɥɟɟ 2% ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɡɚ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɭɬёɦ ɪɟɝɢɫɬɪɚɰɢɢ 
ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɧɚ ɷɬɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ ɜɨɡɦɨɠɧɨ ɢɡɦɟɪɟɧɢɟ ɢɥɢ ɪɚɫɱɟɬ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɜɚɠɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɮɬɢ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɧɵɧɟ ɩɨ ɛɨɥɟɟ ɫɥɨɠɧɵɦ, ɦɟɧɟɟ ɬɨɱɧɵɦ 
ɢɥɢ ɦɟɧɟɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɞɪɭɠɟɫɬɜɟɧɧɵɦ ɦɟɬɨɞɢɤɚɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɥɟɝɤɨ ɦɨɝɭɬ ɛɵɬɶ 
ɚɞɚɩɬɢɪɨɜɚɧɵ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɧɚɦɢ ɧɚ ɱɚɫɬɨɬɚɯ 400 ɢ 600 ɆȽɰ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɧɟɮɬɢ ɢ ɨɛɳɟɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɟɣ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ [7].  
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ɍȾɄ 547.7; 547.8 

 
ɋȻɈɊɄȺ ȺɁɈɌɋɈȾȿɊɀȺɓɂɏ ȽȿɌȿɊɈɐɂɄɅɈȼ,  

ɂɇɂɐɂɂɊɍȿɆȺə ȺɁȺ-ɊȿȺɄɐɂȿɃ ɆɂɏȺɗɅə 
 

Ⱥ.ɘ. Ɋɭɥёɜ 
ɂɪɤɭɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɯɢɦɢɢ ɢɦ. Ⱥ. ȿ. Ɏɚɜɨɪɫɤɨɝɨ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664033 ɂɪɤɭɬɫɤ, ɭɥ. Ɏɚɜɨɪɫɤɨɝɨ, ɞ.1. 
 

Ⱥɡɚ-ɪɟɚɤɰɢɹ Ɇɢɯɚɷɥɹ – ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɦɟɬɨɞɨɜ ɫɨɡɞɚɧɢɹ ɫɜɹɡɢ ɭɝɥɟɪɨɞ – ɚɡɨɬ ɢ ɤɪɚɬɱɚɣɲɢɣ ɩɭɬɶ 
ɤ β-ɚɦɢɧɨɤɚɪɛɨɧɢɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ, ɜ ɬɨɦ ɱɢɫɥɟ β-ɚɦɢɧɨɤɢɫɥɨɬɚɦ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɦ. ɇɟɪɟɞɤɨ ɫɨɩɪɹɠёɧɧɨɟ 
ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɡɨɬ-ɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɧɭɤɥɟɨɮɢɥɨɜ ɤ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɤɪɚɬɧɨɣ ɫɜɹɡɢ ɧɚɱɢɧɚɟɬ ɫɟɪɢɸ ɤɚɫɤɚɞɧɵɯ 
ɩɪɟɜɪɚɳɟɧɢɣ, ɡɚɜɟɪɲɚɸɳɢɯɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɟɬɟɪɨɰɢɤɥɨɜ. ȼ ɞɨɤɥɚɞɟ ɨɛɨɛɳɟɧɵ ɜɚɠɧɟɣɲɢɟ ɞɨɫɬɢɠɟɧɢɹ ɜ 
ɢɧɢɰɢɢɪɭɟɦɨɦ ɚɡɚ-ɪɟɚɤɰɢɟɣ Ɇɢɯɚɷɥɹ ɫɢɧɬɟɡɟ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɝɟɬɟɪɨɰɢɤɥɨɜ ɧɚ ɨɫɧɨɜɟ ɧɟɩɪɟɞɟɥɶɧɵɯ ɤɟɬɨɧɨɜ ɢ 
ɟɧɨɚɬɨɜ. 

Aza-Michael reaction is one of the most widely used reactions for creation of the carbon – nitrogen bond and the 

shortest way to β-amino carbonyl compounds including the β-amino acids and their derivatives. Sometimes, the conjugate 

addition of nitrogen nucleophiles to activated double or triple bond often initiates the transformations cascade leading to 

heterocyclic compounds. The lecture focuses on the recent major achievements in the synthesis of nitrogen-bearing 

heterocycles initiated by aza-Michael addition of bidentate N-nucleophiles to unsaturated ketones and esters. 

 
ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɨɞɧɨɪɟɚɤɬɨɪɧɨɣ ɤɚɫɤɚɞɧɨɣ ɫɛɨɪɤɟ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ ɤɚɪɤɚɫɚ, ɩɨɡɜɨɥɹɸɳɟɣ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɱɢɫɥɨ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, 
ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɫɢɧɬɟɡɚ, ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɨɬɯɨɞɨɜ. Ɉɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ 
ɩɨɩɭɥɹɪɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɚɡɚ-ɝɟɬɟɪɨɰɢɤɥɨɜ ɨɫɧɨɜɚɧ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɛɢɞɟɧɬɚɬɧɵɯ 
ɷɥɟɤɬɪɨɮɢɥɨɜ ɫ ɝɟɬɟɪɨɚɬɨɦɧɵɦɢ ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ, ɧɚɩɪɢɦɟɪ, ɞɢɚɦɢɧɚɦɢ ɢɥɢ ɚɦɢɧɨɫɩɢɪɬɚɦɢ. 
Ȼɭɞɭɱɢ ɚɬɨɦ-ɷɤɨɧɨɦɧɵɦ, ɬɚɤɨɣ ɩɨɞɯɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɞɨɪɨɝɢɯ ɢ 
ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ ɢ ɩɨ ɩɪɚɜɭ ɫɱɢɬɚɟɬɫɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɫɨɡɞɚɧɢɹ 
ɫɜɹɡɢ ɭɝɥɟɪɨɞ – ɝɟɬɟɪɨɚɬɨɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɟɫɶ ɤɚɫɤɚɞ ɫɛɨɪɤɢ ɨɫɬɨɜɚ ɝɟɬɟɪɨɰɢɤɥɚ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɚɡɚ-ɪɟɚɤɰɢɢ Ɇɢɯɚɷɥɹ – ɫɨɩɪɹɠёɧɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɡɨɬɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɧɭɤɥɟɨɮɢɥɨɜ ɤ 
ɚɤɬɢɜɢɪɨɜɚɧɧɵɦ ɚɥɤɟɧɚɦ ɢ ɚɥɤɢɧɚɦ. ɉɨɫɥɟɞɭɸɳɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɡɚɜɟɪɲɚɟɬ 
ɫɛɨɪɤɭ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ ɹɞɪɚ. Ɂɚɦɵɤɚɧɢɟ ɤɨɥɶɰɚ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɚɤ 
ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɷɥɟɤɬɪɨɮɢɥɶɧɨɦɭ ɰɟɧɬɪɭ ɚɞɞɭɤɬɚ 
(ɋɯɟɦɚ 1, ɩɭɬɢ a, b), ɬɚɤ ɢ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɭɯɨɞɹɳɟɣ ɝɪɭɩɩɵ LG (ɋɯɟɦɚ 1, ɩɭɬɢ c, d). 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɝɟɬɟɪɨɰɢɤɥɚ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɢ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɤɚɩɬɨ-
ɞɚɬɢɜɧɨɣ ɫɢɫɬɟɦɵ (ɋɯɟɦɚ 1, ɩɭɬɶ b). 
ɋɯɟɦɚ 1.  
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ɇɟɧɚɫɵɳɟɧɧɵɟ ɤɟɬɨɧɵ ɢɥɢ ɷɮɢɪɵ, ɚ ɬɚɤɠɟ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ ɹɜɥɹɸɬɫɹ ɩɪɟɤɪɚɫɧɵɦɢ 
ɢɫɯɨɞɧɵɦɢ ɞɥɹ ɫɛɨɪɤɢ ɚɡɚ-ɝɟɬɟɪɨɰɢɤɥɨɜ. Ɋɚɡɥɢɱɧɚɹ ɩɪɢɪɨɞɚ ɷɥɟɤɬɪɨɮɢɥɶɧɵɯ sp- ɢ sp2-ɰɟɧɬɪɨɜ 
ɢɧɨɧɨɜ ɢ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɝɚɥɨɝɟɧɫɨɞɟɪɠɚɳɢɯ ɟɧɨɧɨɜ ɢ ɟɧɨɚɬɨɜ ɞɟɥɚɟɬ ɢɯ ɨɫɨɛɟɧɧɨ 
ɰɟɧɧɵɦɢ ɜ ɫɟɥɟɤɬɢɜɧɨɦ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ [1-3]. 

ȼ ɞɨɤɥɚɞɟ ɛɭɞɭɬ ɨɛɫɭɠɞɟɧɵ ɩɨɞɯɨɞɵ ɤ ɩɹɬɢ-, ɲɟɫɬɢ- ɢ ɫɟɦɢɱɥɟɧɧɵɦ ɝɟɬɟɪɨɰɢɤɥɚɦ ɧɚ ɨɫɧɨɜɟ 
ɪɟɚɤɰɢɢ ɝɚɥɨɝɟɧɫɨɞɟɪɠɚɳɢɯ ɟɧɨɧɨɜ ɢ ɟɧɨɚɬɨɜ ɫ N,N- ɢ N,O-ɫɨɞɟɪɠɚɳɢɦɢ ɧɭɤɥɟɨɮɢɥɚɦɢ. 
ɂɡɭɱɟɧɵ ɦɟɯɚɧɢɡɦɵ ɪɟɚɤɰɢɣ. 
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Ⱥɡɚ-ɪɟɚɤɰɢɹ Ɇɢɯɚɷɥɹ: ɞɨɫɬɢɠɟɧɢɹ ɢ ɩɟɪɫɩɟɤɬɢɜɵ / Ⱥ.ɘ. Ɋɭɥёɜ // ɍɫɩɟɯɢ ɯɢɦɢɢ. – 2011. – T. 80. – №3. – C. 

211–232.  
2. Unsaturated polyfluoroalkyl ketones in the synthesis of nitrogen-bearing heterocycles / A.Yu. Rulev, A. R. Romanov  

// RSC Advances. – 2016. – V. 6. – P. 1984–1998. 
3. ɋɛɨɪɤɚ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɝɟɬɟɪɨɰɢɤɥɨɜ, ɢɧɢɰɢɢɪɭɟɦɚɹ ɚɡɚ-ɪɟɚɤɰɢɟɣ Ɇɢɯɚɷɥɹ / Ⱥ.ɘ. Ɋɭɥёɜ // ɂɡɜ. Ⱥɇ. ɋɟɪ. 

ɏɢɦ. – 2016. – №7. – C. 1687–1699. 
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ɍȾɄ 546.772; 546.782; 548.736 
 

ɇɂɁɒɂȿ ɂɈȾɂȾɕ ɆɈɅɂȻȾȿɇȺ ɂ ȼɈɅɖɎɊȺɆȺ:  
ɇȿɁȺɋɅɍɀȿɇɇɈ «ɁȺȻɕɌɕɃ» ɄɅȺɋɋ ɋɈȿȾɂɇȿɇɂɃ 

 
Ɇ.ɇ. ɋɨɤɨɥɨɜ, Ɇ.Ⱥ. Ɇɢɯɚɣɥɨɜ, Ⱥ.Ⱦ. Ɇɢɪɨɧɨɜɚ  

ɂɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȼ. ɇɢɤɨɥɚɟɜɚ ɋɈ ɊȺɇ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɉɪɨɫɩɟɤɬ Ⱥɤɚɞɟɦɢɤɚ Ʌɚɜɪɟɧɬɶɟɜɚ, 3. 

 
Ɉɤɬɚɷɞɪɢɱɟɫɤɢɟ ɢɨɞɢɞɧɵɟ ɤɥɚɫɬɟɪɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ {Mo6I8} ɢ {W6I8} ɨɛɥɚɞɚɸɬ ɪɟɤɨɪɞɧɵɦɢ 

ɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɱɬɨ ɦɨɠɟɬ ɧɚɣɬɢ ɪɚɡɥɢɱɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ (ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ 
ɮɨɬɨɨɤɢɫɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ, ɛɚɤɬɟɪɢɰɢɞɧɨɟ ɞɟɣɫɬɜɢɟ, ɭɧɢɱɬɨɠɟɧɢɟ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ).  

Octahedral iodide clusters of molybdenum and tungsten {Mo6I8} ɢ {W6I8} possess record luminescent characteristics. 

This opens wide prospects for possible practical use (for catalytic photo-oxidation of organic substrates, as antibacterial 

agents, as anticancer agents in photodynamic therapy).  

 
ɏɢɦɢɹ ɤɥɚɫɬɟɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɪɹɞɚ ɧɚɭɤ: ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ, 

ɨɪɝɚɧɢɱɟɫɤɨɣ, ɷɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɨɣ, ɤɨɥɥɨɢɞɧɨɣ ɯɢɦɢɢ, ɮɢɡɢɤɢ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ, 
ɯɢɦɢɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. Ʉɥɚɫɬɟɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɨɜ (M = Mo, W, Re, Ta, 
Nb) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ ɩɨɥɢɷɞɪɨɜ (ɨɤɬɚɷɞɪɵ, ɩɪɢɡɦɵ, ɩɢɪɚɦɢɞɵ, ɬɟɬɪɚɷɞɪɵ), 
ɨɛɪɚɡɨɜɚɧɧɵɯ ɚɬɨɦɚɦɢ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɵɟ ɷɤɪɚɧɢɪɨɜɚɧɵ ɨɬ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɚɬɨɦɚɦɢ 
ɧɟɦɟɬɚɥɥɨɜ, ɜɵɫɬɭɩɚɸɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɢɥɢ ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɥɢɝɚɧɞɨɜ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɷɬɢɯ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɦɨɥɟɤɭɥ ɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɦɚɝɧɢɬɧɵɟ, ɷɥɟɤɬɪɨɧɧɵɟ, 
ɨɩɬɢɱɟɫɤɢɟ, ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ, ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɫɥɟɞɫɬɜɢɟ ɫɢɥɶɧɨɣ ɞɟɥɨɤɚɥɢɡɚɰɢɢ 
ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɤɥɚɫɬɟɪɧɨɦ ɹɞɪɟ [1].  

 

 
Ɋɢɫ. 1. Ɍɢɩɵ ɨɤɚɷɞɪɢɱɟɫɤɢɯ ɤɥɚɫɬɟɪɨɜ. Ⱥɬɨɦɵ ɦɟɬɚɥɥɚ (M) ɩɨɤɚɡɚɧɵ ɱɟɪɧɵɦ ɰɜɟɬɨɦ,  

ɦɨɫɬɢɤɨɜɵɟ ɚɬɨɦɵ (X) ɝɚɥɨɝɟɧɚ ɢɥɢ ɯɚɥɶɤɨɝɟɧɚ ɢ ɬɟɪɦɢɧɚɥɶɧɵɟ ɥɢɝɚɧɞɵ – ɫɟɪɵɦ. 
 

ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɢɨɞɢɞɧɵɟ 
ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɢɡ-ɡɚ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɹɪɤɨ ɥɸɦɢɧɟɫɰɢɪɨɜɚɬɶ 
ɤɪɚɫɧɵɦ (Mo) ɢɥɢ ɨɪɚɧɠɟɜɵɦ (W) ɫɜɟɬɨɦ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɜ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɨɛɥɚɫɬɢ. ȼɫɩɥɟɫɤ 
ɢɧɬɟɪɟɫɚ ɤ ɬɚɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ ɨɛɨɡɧɚɱɢɥɫɹ ɩɨɫɥɟ ɧɚɲɟɣ ɩɭɛɥɢɤɚɰɢɢ 2011 ɝɨɞɚ (55 
ɰɢɬɢɪɨɜɚɧɢɣ), ɜ ɤɨɬɨɪɨɣ ɜɩɟɪɜɵɟ ɛɵɥɨ ɫɨɨɛɳɟɧɨ ɨɛ ɨɛɧɚɪɭɠɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɣ ɢ ɞɨɥɝɨɠɢɜɭɳɟɣ 
ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɤɨɦɩɥɟɤɫɚ (Bu4N)2[{Mo6I8}(OOCC3F7)6] ɫ ɨɱɟɧɶ ɜɵɫɨɤɢɦ ɤɜɚɧɬɨɜɵɦ ɜɵɯɨɞɨɦ – 
60 % [2]. Ɉɫɨɛɟɧɧɨɫɬɶ ɞɨɥɝɨɠɢɜɭɳɟɣ ɢɧɬɟɧɫɢɜɧɨɣ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɤɨɦɩɥɟɤɫɨɜ {Mo6I8} ɬɚɤɨɜɚ, 
ɱɬɨ ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɝɥɨɳɟɧɚ ɬɪɢɩɥɟɬɧɵɦ ɞɢɤɢɫɥɨɪɨɞɨɦ ɫ ɩɪɟɜɪɚɳɟɧɢɟɦ ɩɨɫɥɟɞɧɟɝɨ ɜ 
ɫɢɧɝɥɟɬɧɵɣ, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɱɬɨ ɦɨɠɟɬ ɧɚɣɬɢ 
ɪɚɡɥɢɱɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. ɂɫɩɨɥɶɡɭɹ ɤɥɚɫɬɟɪɧɵɣ ɤɨɦɩɥɟɤɫ [Mo6I14]2- ɜ ɤɚɱɟɫɬɜɟ 
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ɢɫɯɨɞɧɨɝɨ, ɧɚɦɢ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɧɨɜɵɯ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ: 
ɤɚɪɛɨɤɫɢɥɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ [Mo6I8(OOCR)6]2- (R = C5H3O (α-ɮɭɪɢɥ), C10H7 (α-
ɧɚɮɬɢɥ), C6H5, C6F5), ɧɢɬɪɨɮɟɧɨɥɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ [Mo6I8(OR)6]2- , (R = -C6H4NO2, -C6H3(NO2)2), 
ɬɢɨɮɟɧɨɥɹɬɧɵɣ ɤɨɦɩɥɟɤɫ [Mo6I8(SR)6]2- (R = C6F4H) ɢ ɚɰɟɬɢɥɟɧɢɞɧɵɣ ɤɨɦɩɥɟɤɫ [Mo6I8(CCR)6]2- 
(R = CO2CH3) [3-6]. Ⱥɰɟɬɢɥɟɧɢɞɧɵɣ ɤɨɦɩɥɟɤɫ (Ph4P)2[Mo6I8(C2CO2CH3)6], ɫɨɞɟɪɠɚɳɢɣ ɲɟɫɬɶ 
ɥɢɝɚɧɞɨɜ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɧɨɝɨ ɦɟɬɢɥɩɪɨɩɢɨɥɚɬɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɣɨ ɩɟɪɜɵɣ ɩɪɢɦɟɪ 
ɝɨɦɨɥɟɩɬɢɱɟɫɤɨɝɨ ɦɟɬɚɥɥɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɜɫɟɝɨ ɫɟɦɟɣɫɬɜɚ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ 
ɤɥɚɫɬɟɪɨɜ {M6Q8}. ɉɨɥɭɱɟɧ ɪɹɞ ɮɨɫɮɨɪɟɫɰɟɧɬɧɵɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɜɨɥɶɮɪɚɦɚ 
[W6I8(RCOO)6]2- (R = CH3, ɋ6H5, α-ɋ10ɇ7, C2F5, C3F7, C6F5), ɚ ɬɚɤɠɟ ɫɦɟɲɚɧɧɵɟ ɰɢɚɧɢɞɧɨ-
ɤɚɪɛɨɤɫɢɥɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ [Mo6I8(CH3COO)x(CN)6-x]2- (x = 0-6). ɂɡɭɱɟɧɵ ɮɨɬɨɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ – ɜɫɟ ɤɨɦɩɥɟɤɫɵ ɢɫɩɭɫɤɚɸɬ ɞɨɥɝɨɠɢɜɭɳɭɸ ɤɪɚɫɧɭɸ (ɦɨɥɢɛɞɟɧ) ɢ 
ɨɪɚɧɠɟɜɭɸ (ɜɨɥɶɮɪɚɦ) ɮɨɫɮɨɪɟɫɰɟɧɰɢɸ.  Ʉɜɚɧɬɨɜɵɟ ɜɵɯɨɞɵ ɢ ɜɪɟɦɟɧɚ ɠɢɡɧɢ ɮɨɫɮɨɪɟɫɰɟɧɰɢɢ 
ɡɚɜɢɫɹɬ ɨɬ ɜɧɟɲɧɢɯ ɥɢɝɚɧɞɨɜ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: ɤɚɪɛɨɤɫɢɥɚɬ> ɮɟɧɨɥɹɬ> ɬɢɨɮɟɧɨɥɚɬ> 
ɚɰɟɬɢɥɟɧɢɞ. ɋɪɟɞɢ ɤɚɪɛɨɤɫɢɥɚɬɨɜ ɜɜɟɞɟɧɢɟ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɢɥɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɝɪɭɩɩ ɭɥɭɱɲɚɟɬ 
ɮɨɬɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɢ ɷɬɨɦ ɤɨɦɩɥɟɤɫɵ ɫ ɮɬɨɪɤɚɪɛɨɤɫɢɥɚɬɚɦɢ ɞɟɦɨɧɫɬɪɢɪɭɸɬ 
ɪɟɤɨɪɞɧɵɟ ɤɜɚɧɬɨɜɵɟ ɜɵɯɨɞɵ (0.48−0.73). ɍɫɬɚɧɨɜɥɟɧɵ ɥɢɧɟɣɧɵɟ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɤɨɧɫɬɚɧɬɨɣ 
ɞɢɫɫɨɰɢɚɰɢɢ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɤɚɤ ɩɨɬɟɧɰɢɚɥ ɜɨɥɧɵ ɨɤɢɫɥɟɧɢɹ 
ɤɥɚɫɬɟɪɚ ɢ ɞɥɢɧɚ ɜɨɥɧɵ ɷɦɢɫɫɢɢ. ɗɬɨ ɨɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɤɚɪɛɨɤɫɢɥɚɬɧɵɯ 
ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɚɧɬɵ ɞɢɫɫɨɰɢɚɰɢɢ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ) ɢ ɫɜɹɡɚɧɧɵɦɢ ɫ ɧɢɦɢ 
ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɢ ɮɨɬɨɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ [6]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ 
ɫɩɨɫɨɛɵ ɝɟɧɟɪɚɰɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɰɟɥɶɸ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɦɟɞɢɰɢɧɟ ɢ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ. Ⱦɨɫɬɢɝɧɭɬɚ ɢɦɦɨɛɢɥɢɡɚɰɢɹ [Mɨ6I8(ɋɇ3COO)6]2- 
ɜ ɦɚɬɪɢɰɟ ɩɨɥɢɫɬɢɪɨɥɚ. ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɤɚɡɚɥɢɫɶ ɷɮɮɟɤɬɢɜɧɵɦɢ 
ɮɨɬɨɫɟɧɫɢɛɢɥɢɡɚɬɨɪɚɦɢ-ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɜ ɪɟɚɤɰɢɹɯ ɨɤɢɫɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
ɫɢɧɝɥɟɬɧɵɦ ɤɢɫɥɨɪɨɞɨɦ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɝɨ ɮɨɬɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɧɢɱɬɨɠɟɧɢɹ 
ɤɨɥɨɧɢɣ ɡɨɥɨɬɢɫɬɨɝɨ ɫɬɚɮɢɥɨɤɨɤɤɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɥɚɫɬɟɪɚ, ɢɦɦɨɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɜ 
ɩɨɥɢɫɬɢɪɨɥɶɧɭɸ ɦɚɬɪɢɰɭ [7]. ɇɚɣɞɟɧɵ ɭɫɥɨɜɢɹ ɫɬɚɛɢɥɢɡɚɰɢɢ [Mo6I14]2- ɜ ɤɚɱɟɫɬɜɟ 
ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɮɨɪɦɵ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɬɪɢɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɨɜ. Ⱥɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɫɜɟɬɨɪɚɫɫɟɹɧɢɹ ɢ ɮɨɬɨɮɢɡɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɜ ɷɬɢɯ ɪɚɫɬɜɨɪɚɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɡɦɟɪ 
ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɵɯ ɚɝɪɟɝɚɬɨɜ (101 -102 ɧɦ, ɢɯ ɤɢɧɟɬɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɮɨɬɨɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ [Mo6I14]2-, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɧɭɬɪɢ ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɵɯ ɚɧɫɚɦɛɥɟɣ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɢɩɨɦ 
ɬɪɢɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ 
ɩɪɨɛɵ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɜ ɪɚɫɬɜɨɪɟ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɜɨɡɛɭɠɞɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ 
ɢɨɧɧɨɝɨ ɫɩɚɪɢɜɚɧɢɹ ɜɧɟɲɧɟɣ ɫɮɟɪɵ [Mo6I14]2- ɫ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ 
ɮɬɨɪɯɢɧɨɥɨɧɨɜɜɵɯ ɚɧɬɢɛɢɨɬɢɤɨɜ, ɩɪɢɦɟɪɨɦ ɤɨɬɨɪɵɯ ɫɥɭɠɢɬ ɞɢɮɥɨɤɫɚɰɢɧ, ɩɪɢɱɟɦ ɧɚɛɥɸɞɚɟɬɫɹ 
ɥɢɧɟɣɧɵɣ ɨɬɤɥɢɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɬɢɛɢɨɬɢɤɚ 
[8,9].  
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ɉɈɊɂɋɌɕȿ ɄɈɈɊȾɂɇȺɐɂɈɇɇɕȿ ɉɈɅɂɆȿɊɕ:  
ɈɌ ɋɂɇɌȿɁȺ ɂ ɋɌɊɍɄɌɍɊɕ Ʉ ɎɍɇɄɐɂɈɇȺɅɖɇɕɆ ɋȼɈɃɋɌȼȺɆ 

 
ȼ.ɉ. Ɏɟɞɢɧ 

ɂɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȼ. ɇɢɤɨɥɚɟɜɚ ɋɈ ɊȺɇ  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪɨɫɩɟɤɬ ɚɤɚɞɟɦɢɤɚ Ʌɚɜɪɟɧɬɶɟɜɚ, 3. 

 
ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ, ɫɬɪɨɟɧɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ (ɫɟɥɟɤɬɢɜɧɚɹ ɫɨɪɛɰɢɹ ɝɚɡɨɜ, 

ɪɚɡɞɟɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɯɢɪɚɥɶɧɵɯ, ɥɸɦɢɧɟɫɰɟɧɰɢɹ, ɤɚɬɚɥɢɡ ɢ ɞɪ.) ɩɨɪɢɫɬɵɯ ɦɟɬɚɥɥ-

ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɩɨɥɢɦɟɪɨɜ.  
 
ɉɨɪɢɫɬɵɟ ɦɟɬɚɥɥ-ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɩɨɥɢɦɟɪɵ (ɆɈɄɉ) ɹɜɥɹɸɬɫɹ ɧɨɜɵɦ 

ɤɥɚɫɫɨɦ ɫɨɟɞɢɧɟɧɢɣ ɢ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɭɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. Ɉɬɦɟɬɢɦ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɪɟɤɨɪɞɧɵɟ 
ɡɧɚɱɟɧɢɹ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɢɧɬɟɡɚ ɪɹɞɨɜ ɢɡɨɪɟɬɢɤɭɥɹɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ, ɯɨɪɨɲɨ ɪɚɡɜɢɬɵɟ ɦɟɬɨɞɵ ɩɨɫɬɫɢɧɬɟɬɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ.  ɉɨɪɢɫɬɵɟ ɆɈɄɉ 
ɢɦɟɸɬ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɲɢɪɨɤɨɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɣ 
ɫɨɪɛɰɢɢ ɝɚɡɨɜ, ɪɚɡɪɚɛɨɬɤɢ ɫɟɧɫɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɥɨɠɧɵɯ 
ɫɦɟɫɟɣ ɢ ɤɚɬɚɥɢɡɚ. ȼ ɞɨɤɥɚɞɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɂɇɏ ɋɈ ɊȺɇ ɩɨ 
ɫɢɧɬɟɡɭ, ɢɡɭɱɟɧɢɸ ɫɬɪɨɟɧɢɹ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɩɨɪɢɫɬɵɯ ɆɈɄɉ, ɩɨɫɬɪɨɟɧɧɵɯ, ɜ 
ɨɫɧɨɜɧɨɦ, ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɨɤɫɢɥɚɬɨɜ ɩɟɪɟɯɨɞɧɵɯ ɢ ɧɟɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. 

Ȼɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɯɢɦɢɹ ɝɨɫɬɶ-ɯɨɡɹɢɧ ɞɥɹ ɩɨɪɢɫɬɵɯ ɆɈɄɉ. Ȼɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ 
ɫɢɧɬɟɡɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɫɬɪɨɟɧɢɹ ɧɨɜɵɯ ɩɨɪɢɫɬɵɯ ɤɚɪɛɨɤɫɢɥɚɬɨɜ ɦɟɬɚɥɥɨɜ. Ȼɭɞɭɬ 
ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɚɤɬɢɜɚɰɢɢ ɩɨɪɢɫɬɵɯ ɤɚɪɤɚɫɨɜ, ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɫɨɪɛɰɢɢ ɪɚɡɥɢɱɧɵɯ 
ɝɚɡɨɜ ɢ ɞɪɭɝɢɯ ɝɨɫɬɟɜɵɯ ɦɨɥɟɤɭɥ, ɫɟɧɫɨɪɧɵɟ ɫɜɨɣɫɬɜɚ.  ɂɧɬɟɪɟɫɧɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ 
ɭɧɢɤɚɥɶɧɨɟ ɛɢɩɨɪɢɫɬɨɟ ɦɟɬɚɥɥ-ɨɪɝɚɧɢɱɟɫɤɨɟ ɤɚɪɤɚɫɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɤɚɧɚɥɵ ɞɜɭɯ 
ɬɢɩɨɜ. ɉɨɦɢɦɨ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ, ɤɚɧɚɥɵ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɜɧɭɬɪɟɧɧɢɦ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɨɤɪɭɠɟɧɢɟɦ. Ɋɚɡɧɢɰɚ ɜ ɪɚɡɦɟɪɟ ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɞɜɭɯ ɬɢɩɨɜ ɤɚɧɚɥɨɜ 
ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɥɨɠɢɬɶ ɧɨɜɵɟ ɦɟɬɨɞɵ ɫɟɥɟɤɬɢɜɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɥɨɠɧɵɯ ɫɦɟɫɟɣ. ɉɨɪɢɫɬɵɟ 
ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɦɨɫɬɢɤɨɜɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɥɢɝɚɧɞɚɯ ɧɟɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɟ ɚɬɨɦɵ ɚɡɨɬɚ 
ɢɥɢ ɫɟɪɵ, ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɵɫɨɤɭɸ ɫɨɪɛɰɢɨɧɧɭɸ ɟɦɤɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɭɝɥɟɤɢɫɥɨɦɭ ɝɚɡɭ. ɉɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɤɚɪɛɨɤɫɢɥɚɬɵ ɥɢɬɢɹ ɢ ɰɢɧɤɚ ɫɨɯɪɚɧɹɸɬ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ ɩɪɢ 
ɡɚɦɟɧɟ ɝɨɫɬɟɜɵɯ ɦɨɥɟɤɭɥ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɢɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɜɨɣɫɬɜ. 

Ɋɚɡɪɚɛɨɬɚɧɵ ɧɨɜɵɟ ɩɨɞɯɨɞɵ ɤ ɫɢɧɬɟɡɭ ɩɨɪɢɫɬɵɯ ɝɨɦɨɯɢɪɚɥɶɧɵɯ ɆɈɄɉ, ɭɫɬɚɧɨɜɥɟɧɨ ɢɯ 
ɫɬɪɨɟɧɢɟ. ȼɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɫɟɪɢɢ ɢɡɨɪɟɬɢɤɭɥɹɪɧɵɯ ɩɨɪɢɫɬɵɯ ɝɨɦɨɯɢɪɚɥɶɧɵɯ ɆɈɄɉ (ɫɦ. 
ɪɢɫɭɧɨɤ ɞɥɹ ɤɚɦɮɨɪɚɬɨɜ ɰɢɧɤɚ). Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɫɟɥɟɤɬɢɜɧɭɸ ɫɨɪɛɰɢɸ 
ɯɢɪɚɥɶɧɵɯ ɝɨɫɬɟɣ ɢ ɜɩɟɪɜɵɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɦɟɬɨɞɨɦ 
ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. Ɇɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɨɜ ɜɩɟɪɜɵɟ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɯɢɪɚɥɶɧɵɣ ɝɨɫɬɶ – ɯɢɪɚɥɶɧɵɣ ɆɈɄɉ ɢ ɩɨɥɭɱɟɧɚ 
ɭɧɢɤɚɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɩɪɢɪɨɞɵ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 
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Ⱦɨɩɭɫɤ ɧɚ ɪɵɧɨɤ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ – ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɜɟɬɟɪɢɧɚɪɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɤɨɫɦɟɬɢɱɟɫɤɢɯ 

ɫɪɟɞɫɬɜ, ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɞɨɛɚɜɨɤ – ɜɫɟɝɨ, ɱɬɨ ɤɚɫɚɟɬɫɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ, ɩɨɞɥɟɠɢɬ 
ɫɬɪɨɝɨɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɸ. ɉɪɢ ɷɬɨɦ ɪɚɡɪɚɛɨɬɱɢɤ ɩɪɟɩɚɪɚɬɚ ɩɪɢ ɠɟɥɚɧɢɢ ɜɵɩɭɫɬɢɬɶ ɩɪɨɞɭɤɰɢɸ ɢ ɩɨɥɭɱɢɬɶ 
ɪɚɡɪɟɲɟɧɢɟ ɧɚ ɟɟ ɪɚɡɦɟɳɟɧɢɟ ɧɚ ɪɵɧɤɟ ɞɨɥɠɟɧ ɜɵɩɨɥɧɢɬɶ ɪɹɞ ɩɪɟɞɩɢɫɚɧɢɣ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɨɜ ɩɨ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɸ ɞɚɧɧɵɯ ɨ ɮɢɡɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɜɟɳɟɫɬɜ, ɚ ɬɚɤɠɟ ɞɚɧɧɵɯ ɩɨ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ 
ɱɟɥɨɜɟɤɚ, ɠɢɜɨɬɧɵɯ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɨɥɭɱɢɬɶ ɬɚɤɢɟ ɞɚɧɧɵɟ ɦɨɠɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɜɟɞɟɧɢɹ ɞɨɤɥɢɧɢɱɟɫɤɢɯ 
ɢ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɱɬɨ ɹɜɥɹɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɥɢɬɟɥɶɧɵɦ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɦ ɩɪɨɰɟɫɫɨɦ. ɋɨɛɥɸɞɟɧɢɟ 
ɟɞɢɧɵɯ ɩɪɚɜɢɥ ɢ ɩɨɞɯɨɞɨɜ ɤ ɩɪɨɜɟɞɟɧɢɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɭɱɟɬɨɦ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɨɩɵɬɚ ɫɩɨɫɨɛɧɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɢ ɡɚɬɪɚɬɵ ɪɚɡɪɚɛɨɬɱɢɤɚ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɜɵɯɨɞɭ ɪɨɫɫɢɣɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ ɧɚ 
ɡɚɪɭɛɟɠɧɵɣ ɪɵɧɨɤ. 

Authorization for the sale of a chemical substance as a drug, or a cosmetic, or a biologically active supplement, 

everything, which is concerning the human and animal health, is a subject of a strict regulation. In this case, the drug 

developer must comply the regulations of regulatory bodies concerning the data provision about chemical and physical 

properties of a substance as well as data about a substance safety for human animals and environment. These data can be 

obtained by currying out the preclinical and clinical testing, which is a quite long and expensive procedure. Compliance of 

uniform rules and methods of such an investigations together with usage of accumulated international experience can 

significantly decrease time and development costs and promote the entry of Russian drugs into the foreign market. 

 
ȼɧɟɞɪɟɧɢɟ ɜ ɩɪɚɤɬɢɤɭ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ – 

ɩɪɨɰɟɫɫ ɧɟ ɛɵɫɬɪɵɣ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɣ. ɉɨɫɥɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ, ɝɞɟ ɛɵɥɚ 
ɭɫɬɚɧɨɜɥɟɧɚ ɚɤɬɢɜɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ, ɧɚɱɢɧɚɟɬɫɹ ɞɨɥɝɚɹ ɞɨɪɨɝɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɷɬɚɩɨɜ, ɧɚ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ ɪɚɡɪɚɛɨɬɱɢɤ ɛɭɞɟɬ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɨɩɪɟɞɟɥёɧɧɵɦɢ ɩɪɚɜɢɥɚɦɢ ɢ 
ɬɪɟɛɨɜɚɧɢɹɦɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ ɟɝɨ ɩɪɨɞɭɤɰɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɢ ɢɡɝɨɬɨɜɥɟɧɚ. 

Ɋɚɡɪɚɛɨɬɱɢɤɭ ɨɱɟɧɶ ɜɚɠɧɨ ɩɨɧɢɦɚɬɶ, ɤɚɤɢɦ ɨɧ ɜɢɞɢɬ ɫɜɨɣ ɩɪɨɞɭɤɬ ɜ ɩɟɪɫɩɟɤɬɢɜɟ – ɤ 
ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦ ɞɨɛɚɜɤɚɦ ɩɪɟɞɴɹɜɥɹɸɬ ɨɞɧɢ ɬɪɟɛɨɜɚɧɢɹ, ɚ ɟɫɥɢ ɷɬɨ ɩɨɬɟɧɰɢɚɥɶɧɵɣ 
ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ, ɬɨ ɜ ɫɢɥɭ ɜɫɬɭɩɚɟɬ ɫɨɜɫɟɦ ɞɪɭɝɚɹ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɚɹ ɛɚɡɚ. Ⱦɥɹ ɜɵɩɭɫɤɚ 
ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɞɨɛɚɜɨɤ ɧɚ ɪɵɧɨɤ ɪɟɝɢɫɬɪɚɰɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ. ɑɬɨ ɤɚɫɚɟɬɫɹ 
ɥɟɤɚɪɫɬɜ, ɬɨ ɜɫɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɩɪɢɧɢɦɚɟɦɵɟ ɜ ɨɬɧɨɲɟɧɢɢ ɪɚɡɪɚɛɨɬɤɢ, ɬɟɫɬɢɪɨɜɚɧɢɹ, ɷɤɫɩɟɪɬɢɡ, 
ɪɟɝɢɫɬɪɚɰɢɢ, ɪɟɚɥɢɡɚɰɢɢ ɢ ɭɧɢɱɬɨɠɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɪɟɝɭɥɢɪɭɸɬɫɹ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ 
№ 61 ɨɬ 12.04.2010 [1]. 

ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ɡɚɤɨɧɭ ɥɟɤɚɪɫɬɜɟɧɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɢɥɢ 
ɢɯ ɤɨɦɛɢɧɚɰɢɢ, ɜɫɬɭɩɚɸɳɢɟ ɜ ɤɨɧɬɚɤɬ ɫ ɨɪɝɚɧɢɡɦɨɦ ɱɟɥɨɜɟɤɚ ɢɥɢ ɠɢɜɨɬɧɨɝɨ, ɩɪɨɧɢɤɚɸɳɢɟ ɜ 
ɨɪɝɚɧɵ, ɬɤɚɧɢ ɨɪɝɚɧɢɡɦɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɩɪɨɮɢɥɚɤɬɢɤɢ, ɞɢɚɝɧɨɫɬɢɤɢ, ɥɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ, 
ɪɟɚɛɢɥɢɬɚɰɢɢ, ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɢɥɢ ɩɪɟɪɵɜɚɧɢɹ ɛɟɪɟɦɟɧɧɨɫɬɢ. Ʉ ɥɟɤɚɪɫɬɜɟɧɧɵɦ 
ɫɪɟɞɫɬɜɚɦ ɨɬɧɨɫɹɬɫɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɟ ɫɭɛɫɬɚɧɰɢɢ (ɨɞɧɨ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɞɟɣɫɬɜɭɸɳɢɯ ɜɟɳɟɫɬɜ) ɢ 
ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ (ɝɨɬɨɜɚɹ ɥɟɤɚɪɫɬɜɟɧɧɚɹ ɮɨɪɦɚ ɫɥɨɠɧɨɝɨ ɫɨɫɬɚɜɚ). Ɋɟɝɢɫɬɪɚɰɢɹ 
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɜ Ɇɢɧɢɫɬɟɪɫɬɜɟ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɊɎ ɹɜɥɹɟɬɫɹ ɭɠɟ ɨɛɹɡɚɬɟɥɶɧɨɣ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɞɨɛɚɜɨɤ. ɇɨ ɞɨ ɦɨɦɟɧɬɚ ɩɨɥɭɱɟɧɢɹ ɪɟɝɢɫɬɪɚɰɢɨɧɧɨɝɨ ɭɞɨɫɬɨɜɟɪɟɧɢɹ 
ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɞɨɥɠɟɧ ɩɪɨɣɬɢ ɪɹɞ ɢɫɩɵɬɚɧɢɣ. 

ɉɟɪɜɵɣ ɢ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɣ ɷɬɚɩ ɜɨ ɜɧɟɞɪɟɧɢɢ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɜ 
ɤɥɢɧɢɱɟɫɤɭɸ ɩɪɚɤɬɢɤɭ – ɷɬɨ ɞɨɤɥɢɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ [2]. Ⱦɨɤɥɢɧɢɱɟɫɤɢɟ (ɢɥɢ ɟɳɟ ɢɯ 
ɧɚɡɵɜɚɸɬ ɧɟɤɥɢɧɢɱɟɫɤɢɟ) ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɲɟɫɬɜɭɸɬ ɤɥɢɧɢɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ ɢ ɨɬɧɨɫɹɬɫɹ ɤ 
ɞɨɪɟɝɢɫɬɪɚɰɢɨɧɧɨɦɭ ɷɬɚɩɭ ɜɧɟɞɪɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ. Ⱦɨɤɥɢɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɜɵɹɜɥɟɧɢɟ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ 
ɚɤɬɢɜɧɨɫɬɢ, ɧɚ ɨɰɟɧɤɭ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ, 
ɩɟɪɟɧɨɫɢɦɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɚ ɜɵɹɜɥɟɧɢɟ ɟɝɨ ɩɨɜɪɟɠɞɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ. 

ȼ ɪɚɡɥɢɱɧɨɣ ɬɟɪɦɢɧɨɥɨɝɢɢ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɧɚɡɵɜɚɸɬ ɢɫɫɥɟɞɭɟɦɵɦ 
ɜɟɳɟɫɬɜɨɦ ɢɥɢ ɬɟɫɬɢɪɭɟɦɵɦ ɨɛɴɟɤɬɨɦ. Ɍɟɫɬɢɪɭɟɦɵɦɢ ɨɛɴɟɤɬɚɦɢ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ: ɩɨɬɟɧɰɢɚɥɶɧɵɟ 
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ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɫɪɟɞɫɬɜɚ – ɞɟɣɫɬɜɭɸɳɢɟ ɜɟɳɟɫɬɜɚ ɢ ɝɨɬɨɜɚɹ ɥɟɤɚɪɫɬɜɟɧɧɚɹ ɮɨɪɦɚ, ɤɨɫɦɟɬɢɱɟɫɤɚɹ 
ɩɪɨɞɭɤɰɢɹ, ɜɟɬɟɪɢɧɚɪɧɵɟ ɥɟɤɚɪɫɬɜɚ ɢ ɩɪɟɩɚɪɚɬɵ, ɩɢɳɟɜɵɟ ɢ ɤɨɪɦɨɜɵɟ ɞɨɛɚɜɤɢ, ɩɪɨɦɵɲɥɟɧɧɵɟ 
ɯɢɦɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, ɛɢɨɰɢɞɧɵɟ ɩɪɨɞɭɤɬɵ (ɩɟɫɬɢɰɢɞɵ, ɮɭɧɝɢɰɢɞɵ ɢ ɞɪ). ɉɟɪɟɱɢɫɥɟɧɧɵɣ ɫɩɟɤɬɪ 
ɨɛɴɟɤɬɨɜ ɞɨɜɨɥɶɧɨ ɲɢɪɨɤ. Ⱥ ɡɧɚɱɢɬ, ɞɨɤɥɢɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɡɜɚɧɵ ɞɨɤɚɡɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɨɛɴɟɤɬɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ, ɧɨ ɢ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɍɫɥɨɜɧɨ ɞɨɤɥɢɧɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɩɨɞɟɥɢɬɶ ɧɚ ɞɜɚ ɜɢɞɚ – ɨɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɨɰɟɧɤɭ ɬɨɤɫɢɱɧɨɫɬɢ. 

Ɉɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ – ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ 
ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɹɬ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ. ȼ ɷɬɢɯ ɨɩɵɬɚɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 
ɲɢɪɨɬɭ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɫɤɨɪɨɫɬɶ ɦɟɬɚɛɨɥɢɡɦɚ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɟɩɚɪɚɬɚ ɜ ɬɤɚɧɹɯ, ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ ɩɪɟɩɚɪɚɬɚ ɢ ɟɝɨ ɦɟɬɚɛɨɥɢɬɨɜ. ɉɨɫɥɟ ɷɬɨɝɨ 
ɩɟɪɟɯɨɞɹɬ ɤ ɨɰɟɧɤɟ ɬɨɤɫɢɱɧɨɫɬɢ. 

Ɉɰɟɧɤɭ ɬɨɤɫɢɱɧɨɫɬɢ ɦɨɠɧɨ ɬɚɤɠɟ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɜɢɞɚ – ɨɛɳɭɸ ɢ ɫɩɟɰɢɮɢɱɟɫɤɭɸ 
ɬɨɤɫɢɱɧɨɫɬɶ. ɉɟɪɜɵɣ ɜɢɞ ɬɨɤɫɢɱɧɨɫɬɢ – ɨɛɳɚɹ ɬɨɤɫɢɱɧɨɫɬɶ. Ʉ ɧɟɣ ɨɬɧɨɫɢɬɫɹ ɨɰɟɧɤɚ ɨɫɬɪɨɣ, 
ɫɭɛɯɪɨɧɢɱɟɫɤɨɣ ɢ ɯɪɨɧɢɱɟɫɤɨɣ ɬɨɤɫɢɱɧɨɫɬɢ, ɨɰɟɧɤɚ ɦɟɫɬɧɨɪɚɡɞɪɚɠɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ. ɇɚ ɞɚɧɧɨɦ 
ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɹɜɥɟɧɢɟ ɬɨɤɫɢɤɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɫɧɨɜɧɵɯ ɨɪɝɚɧɨɜ-ɦɢɲɟɧɟɣ, 
ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɬɟɫɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɉɟɪɜɨɨɱɟɪɟɞɧɨɣ ɹɜɥɹɟɬɫɹ ɩɨɫɬɚɧɨɜɤɚ ɨɫɬɪɨɝɨ 
ɨɩɵɬɚ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɞɨɡɵ ɞɥɹ ɫɭɛɯɪɨɧɢɱɟɫɤɨɣ ɢ ɯɪɨɧɢɱɟɫɤɨɣ 
ɬɨɤɫɢɱɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɜɵɹɜɢɬɶ ɝɪɚɧɢɰɵ ɦɚɤɫɢɦɚɥɶɧɨ ɩɟɪɟɧɨɫɢɦɵɯ ɞɨɡ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɳɟɣ 
ɬɨɤɫɢɱɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɞɥɹ ɨɛɴɟɤɬɨɜ, ɩɪɟɬɟɧɞɭɸɳɢɯ ɫɬɚɬɶ ɨɪɢɝɢɧɚɥɶɧɵɦ 
ɥɟɤɚɪɫɬɜɟɧɧɵɦ ɫɪɟɞɫɬɜɨɦ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɧɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ. Ɋɟɝɢɫɬɪɚɰɢɹ 
ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɨɛɹɡɚɬɟɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɨɛɳɟɣ ɬɨɤɫɢɱɧɨɫɬɢ ɢ ɞɥɹ ɝɨɬɨɜɨɣ 
ɥɟɤɚɪɫɬɜɟɧɧɨɣ ɮɨɪɦɵ. 

Ʉ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɬɨɤɫɢɱɧɨɫɬɢ ɨɬɧɨɫɢɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɪɟɩɪɨɞɭɤɬɢɜɧɨɣ 
ɬɨɤɫɢɱɧɨɫɬɢ (ɷɦɛɪɢɨɬɨɤɫɢɱɧɨɫɬɢ, ɬɟɪɚɬɨɝɟɧɧɨɫɬɢ, ɜɥɢɹɧɢɹ ɧɚ ɝɟɧɟɪɚɬɢɜɧɭɸ ɮɭɧɤɰɢɸ ɨɪɝɚɧɢɡɦɚ), 
ɚɥɥɟɪɝɟɧɧɨɫɬɢ, ɢɦɦɭɧɨɬɨɤɫɢɱɧɨɫɬɢ, ɦɭɬɚɝɟɧɧɨɫɬɢ ɢ ɤɚɧɰɟɪɨɝɟɧɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɜɢɞ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɢɧɢɰɢɢɪɭɸɬ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɨɫɬɪɭɸ ɬɨɤɫɢɱɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 
ɭɫɬɚɧɨɜɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɞɨɡɢɪɨɜɤɭ. ɇɨ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɟɫɬɶ ɩɨɞɨɡɪɟɧɢɟ ɧɚ ɦɭɬɚɝɟɧɧɨɫɬɶ ɩɪɟɩɚɪɚɬɚ, ɬɨ 
ɟɟ ɪɟɤɨɦɟɧɞɭɸɬ ɢɫɫɥɟɞɨɜɚɬɶ ɫɪɚɡɭ ɩɨɫɥɟ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. 
ɋɩɟɰɢɮɢɱɟɫɤɢɟ ɜɢɞɵ ɬɨɤɫɢɱɧɨɫɬɢ ɧɟ ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦɢ ɞɥɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɧɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɫɪɟɞɫɬɜ. ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɸɬ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɨɪɢɝɢɧɚɥɶɧɵɣ ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɨɛɥɚɞɚɥ 
ɤɚɤɢɦ-ɥɢɛɨ ɜɢɞɨɦ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɬɨɤɫɢɱɧɨɫɬɢ – ɷɬɨɬ ɜɢɞ ɬɨɤɫɢɱɧɨɫɬɢ ɬɚɤɠɟ ɩɨɜɬɨɪɹɸɬ ɞɥɹ 
ɜɨɫɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ. 

Ⱦɨɤɥɢɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɹɬ ɜ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ ɢɥɢ ɰɟɧɬɪɚɯ. Ɋɚɡɪɟɲɟɧɢɟ 
ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɤɚɤ ɢ ɪɚɡɪɟɲɟɧɢɟ ɧɚ ɷɬɨɬ ɜɢɞ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɟ 
ɬɪɟɛɭɟɬɫɹ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɰɟɥɟɣ, ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɴɟɤɬɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬ 
ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɬɟɫɬ-ɫɢɫɬɟɦɵ, ɢ ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɷɬɨ ɥɚɛɨɪɚɬɨɪɧɵɟ ɝɪɵɡɭɧɵ – ɦɵɲɢ ɢ 
ɤɪɵɫɵ. Ɍɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɪɭɝɢɟ ɜɢɞɵ ɠɢɜɨɬɧɵɯ – ɦɨɪɫɤɢɟ 
ɫɜɢɧɤɢ, ɤɪɨɥɢɤɢ, ɫɨɛɚɤɢ, ɩɪɢɦɚɬɵ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɨɜɟɞɟɧɢɹ 
ɞɨɤɥɢɧɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɛɢɨɷɬɢɱɟɫɤɨɣ ɤɨɦɢɫɫɢɟɣ ɦɚɧɢɩɭɥɹɰɢɣ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɜɨ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɋɩɟɰɢɚɥɢɫɬɵ ɩɨ ɪɚɛɨɬɟ ɫ ɥɚɛɨɪɚɬɨɪɧɵɦɢ 
ɠɢɜɨɬɧɵɦɢ ɜ ɫɬɪɚɧɚɯ ȿɜɪɨɩɵ ɨɛɴɟɞɢɧɢɥɢɫɶ ɜ Ɏɟɞɟɪɚɰɢɸ ɩɨ ɪɚɛɨɬɟ ɫ ɥɚɛɨɪɚɬɨɪɧɵɦɢ ɠɢɜɨɬɧɵɦɢ 
(FELASA), ɜ Ɋɨɫɫɢɢ ɬɚɤɨɟ ɨɛɴɟɞɢɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɇɟɤɨɦɦɟɪɱɟɫɤɢɦ ɩɚɪɬɧɟɪɫɬɜɨɦ «Ɉɛɴɟɞɢɧɟɧɢɟ 
ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨ ɪɚɛɨɬɟ ɫ ɠɢɜɨɬɧɵɦɢ» (RusLASA). ɇɨɪɦɚɬɢɜɧɚɹ ɛɚɡɚ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 
ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɜ ɜɨɩɪɨɫɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ ɟɳɟ ɞɚɥɟɤɚ ɨɬ ɫɨɜɟɪɲɟɧɫɬɜɚ ɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɋɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ [3], ɚ ɬɚɤɠɟ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɨɣ 
ɥɢɬɟɪɚɬɭɪɨɣ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɠɢɜɨɬɧɵɯ [4]. 

ɇɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɚɹ ɛɚɡɚ ɜ ɨɛɥɚɫɬɢ ɫɚɦɢɯ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ Ɋɨɫɫɢɢ ɧɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɡɚɪɭɛɟɠɧɨɝɨ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ. ɋɨɛɥɸɞɟɧɢɟ ɉɪɢɤɚɡɚ №199ɧ [5] 
ɯɨɬɶ ɢ ɧɨɫɢɬ ɨɛɹɡɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɧɨ ɤɥɸɱɟɜɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 
Ɋɨɫɫɢɢ ɨɫɬɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ ɤɚɱɟɫɬɜɚ ɩɪɨɜɨɞɢɦɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼɫɟ 
ɷɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɬɪɭɞɧɨɫɬɶ ɢɥɢ ɞɚɠɟ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɩɪɢɡɧɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɜ Ɋɨɫɫɢɢ. ɋɨɝɥɚɫɧɨ ɫɢɫɬɟɦɟ ɜɡɚɢɦɧɨɝɨ ɩɪɢɡɧɚɧɢɹ ɞɚɧɧɵɯ 
(Mutual Acceptance of Data – MAD) [6-8], ɜɫɟ ɞɨɤɥɢɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɜɟɞɟɧɵ 
ɟɞɢɧɨɨɛɪɚɡɧɨ – ɚ ɢɦɟɧɧɨ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɉɪɢɧɰɢɩɨɜ ɧɚɞɥɟɠɚɳɟɣ ɥɚɛɨɪɚɬɨɪɧɨɣ 
ɩɪɚɤɬɢɤɢ. ɇɚɞɥɟɠɚɳɚɹ ɥɚɛɨɪɚɬɨɪɧɚɹ ɩɪɚɤɬɢɤɚ (Good laboratory practice – GLP) – ɷɬɨ ɫɢɫɬɟɦɚ 
ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɚ, ɢɦɟɸɳɚɹ ɨɬɧɨɲɟɧɢɟ ɤ ɩɪɨɰɟɫɫɚɦ ɨɪɝɚɧɢɡɚɰɢɢ, ɩɥɚɧɢɪɨɜɚɧɢɹ, ɩɨɪɹɞɤɭ 
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ɩɪɨɜɟɞɟɧɢɹ ɢ ɤɨɧɬɪɨɥɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɬɚɤɠɟ ɨɮɨɪɦɥɟɧɢɹ, ɚɪɯɢɜɢɪɨɜɚɧɢɹ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɧɰɢɩɵ GLP ɧɟ ɤɚɫɚɸɬɫɹ ɧɚɭɱɧɨɝɨ ɢɥɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɢ ɧɟ ɢɦɟɸɬ ɰɟɥɢ ɨɰɟɧɢɜɚɬɶ ɧɚɭɱɧɭɸ ɰɟɧɧɨɫɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. ɋɨɛɥɸɞɟɧɢɟ ɩɪɢɧɰɢɩɨɜ GLP ɩɨɡɜɨɥɹɟɬ: ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɪɚɜɧɢɦɨɟ ɤɚɱɟɫɬɜɨ ɦɟɠɞɭ 
ɫɬɪɚɧɚɦɢ ɢ ɨɝɪɚɧɢɱɢɬɶ ɛɟɫɫɦɵɫɥɟɧɧɨɟ ɩɨɜɬɨɪɟɧɢɟ ɨɞɢɧɚɤɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɪɚɡɧɵɯ ɫɬɪɚɧɚɯ, 
ɞɟɥɚɬɶ ɜɨɡɦɨɠɧɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɥɭɱɚɬɶ ɧɚɞɟɠɧɵɟ ɢ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɨ ɫɜɨɣɫɬɜɚɯ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɟɫɬɢɪɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɪɝɚɧɚɦ (ɪɟɝɢɫɬɪɢɪɭɸɳɢɦ ɢ ɞɪ.), ɞɨɫɬɢɝɚɬɶ ɞɨɜɟɪɢɹ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɫɬɪɚɧɚɦɢ 
ɩɪɢ ɩɪɢɡɧɚɧɢɢ ɞɚɧɧɵɯ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɫɨɞɟɪɠɚɧɢɹ ɠɢɜɨɬɧɵɯ ɩɪɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɫɨɤɪɚɳɚɬɶ ɜɪɟɦɹ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ – ɷɤɨɧɨɦɢɬɶ ɜɪɟɦɹ ɢ ɞɟɧɶɝɢ. 

Ɉɫɧɨɜɧɨɣ ɞɨɤɭɦɟɧɬ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɣ ɞɚɧɧɵɟ ɩɪɚɜɢɥɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ – ȽɈɋɌ 33044-2014 
[9]. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɫɭɳɟɫɬɜɭɟɬ ɟɳɟ ɪɹɞ ɞɨɤɭɦɟɧɬɨɜ, ɫɨɛɥɸɞɟɧɢɟ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɥɚɛɨɪɚɬɨɪɢɣ ɢ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ ɉɪɢɧɰɢɩɚɦ GLP [10]. ɇɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɬɚɤɨɟ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɧɚ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɦ ɭɪɨɜɧɟ [5]. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ – 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɥɸɞɹɯ. Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɷɬɨɬ ɩɟɪɢɨɞ, ɛɭɞɭɬ ɞɨɩɨɥɧɹɬɶ ɪɟɝɢɫɬɪɚɰɢɨɧɧɨɟ 
ɞɨɫɶɟ ɩɪɟɩɚɪɚɬɚ, ɤɨɬɨɪɨɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɨɪɟɝɢɫɬɪɚɰɢɨɧɧɨɝɨ ɷɬɚɩɚ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɧɚɯɨɞɢɬɫɹ ɩɪɢ Ɇɢɧɢɫɬɟɪɫɬɜɟ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɊɎ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɢɤɚɡɨɦ [11] ɩɪɨɜɟɞɟɧɢɟ ɤɥɢɧɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ 
ɜ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɨɫɥɟ ɷɤɫɩɟɪɬɢɡɵ ɪɟɝɢɫɬɪɚɰɢɨɧɧɨɝɨ ɞɨɫɶɟ (ɞɨɤɭɦɟɧɬɨɜ) ɧɚ ɩɪɟɩɚɪɚɬ. ȼ ɫɨɫɬɚɜ 
ɞɨɫɶɟ ɨɛɹɡɚɬɟɥɶɧɨ ɜɯɨɞɢɬ ɨɬɱɟɬ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɞɨɤɥɢɧɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɛɪɨɲɸɪɚ 
ɢɫɫɥɟɞɨɜɚɬɟɥɹ. 

ɗɤɫɩɟɪɬɢɡɭ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɦɢɫɫɢɹ ɢɡ ɬɪɟɯ ɢ ɛɨɥɟɟ ɷɤɫɩɟɪɬɨɜ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɬɢɡɵ ɦɨɠɟɬ 
ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɜɧɟɫɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɩɪɨɬɨɤɨɥ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɢɥɢ ɩɪɨɟɤɬ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɦɟɞɢɰɢɧɫɤɨɦɭ ɩɪɢɦɟɧɟɧɢɸ. ɉɚɪɚɥɥɟɥɶɧɨ ɋɨɜɟɬ ɩɨ ɷɬɢɤɟ ɩɪɢ 
Ɇɢɧɢɫɬɟɪɫɬɜɟ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɊɎ ɩɪɨɜɨɞɢɬ ɷɬɢɱɟɫɤɭɸ ɷɤɫɩɟɪɬɢɡɭ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɥɢɫɬɤɚ 
ɩɚɰɢɟɧɬɚ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɪɹɞɤɟ [12]. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɬɢɡ ɤɨɦɢɫɫɢɢ ɫɨɫɬɚɜɥɹɸɬ ɡɚɤɥɸɱɟɧɢɟ 
ɨ ɜɨɡɦɨɠɧɨɫɬɢ (ɢɥɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ) ɩɪɨɜɟɞɟɧɢɹ ɤɥɢɧɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɚɧɧɵɟ ɡɚɤɥɸɱɟɧɢɹ 
ɨɮɨɪɦɥɹɸɬɫɹ ɩɨ ɮɨɪɦɟ [13]. 

Ɍɚɤɠɟ ɤɚɤ ɢ ɞɥɹ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɭɳɟɫɬɜɭɸɬ ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, 
ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɟ ɩɪɨɜɟɞɟɧɢɟ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɥɸɛɨɝɨ ɦɟɞɢɰɢɧɫɤɨɝɨ ɩɪɟɩɚɪɚɬɚ, ɤɨɬɨɪɵɟ 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɦ ɷɬɢɱɟɫɤɨɦ ɢ ɧɚɭɱɧɨɦ ɫɬɚɧɞɚɪɬɟ – ɉɪɚɜɢɥɚ ɩɪɨɜɟɞɟɧɢɹ 
ɤɚɱɟɫɬɜɟɧɧɵɯ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (Good clinical practice – GCP). ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɨɤɭɦɟɧɬ ɭɬɜɟɪɠɞɟɧ Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɊɎ, ɜ ɤɨɬɨɪɨɦ ɨɬɪɚɠɟɧ 
ɩɨɪɹɞɨɤ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɩɪɨɜɟɞɟɧɢɹ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ, ɨɩɪɟɞɟɥɟɧɵ ɢɯ ɩɪɚɜɨɜɵɟ ɢ ɷɬɢɱɟɫɤɢɟ 
ɚɫɩɟɤɬɵ [14, 15]. 

Ʉɥɢɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɞɥɹ ɦɟɞɢɰɢɧɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɜɨɞɹɬ 
ɬɨɥɶɤɨ ɜ ɦɟɞɢɰɢɧɫɤɢɯ ɚɤɤɪɟɞɢɬɨɜɚɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɟɣ ɤɥɢɧɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɤɥɢɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɨɬɞɟɥɶɧɵɟ 
ɮɚɡɵ [16]. Ʉɚɠɞɚɹ ɮɚɡɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. ɂ ɞɥɹ ɤɚɠɞɨɝɨ ɬɚɤɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɨɬɞɟɥɶɧɵɟ ɪɚɡɪɟɲɟɧɢɹ ɷɤɫɩɟɪɬɧɨɣ ɤɨɦɢɫɫɢɢ. Ʉɥɢɧɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ I, II ɢ III ɮɚɡ ɩɪɨɜɨɞɹɬɫɹ ɜ ɞɨɪɟɝɢɫɬɪɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ, ɚ ɢɫɫɥɟɞɨɜɚɧɢɹ IV ɮɚɡɵ 
ɹɜɥɹɸɬɫɹ ɩɨɫɬɪɟɝɢɫɬɪɚɰɢɨɧɧɵɦɢ. 

ɐɟɥɶɸ I ɮɚɡɵ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɤ ɩɨɫɥɟɞɭɸɳɢɦ ɷɬɚɩɚɦ 
ɢɫɩɵɬɚɧɢɹ ɩɪɟɩɚɪɚɬɚ, ɩɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɷɬɨɣ ɮɚɡɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɪɟɚɤɬɨɝɟɧɧɨɫɬɢ ɩɪɢ ɜɜɟɞɟɧɢɢ ɟɝɨ ɥɸɞɹɦ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ II ɮɚɡɵ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 
ɫɩɟɰɢɚɥɢɫɬɵ ɤɥɢɧɢɱɟɫɤɢɯ ɰɟɧɬɪɨɜ ɞɨɥɠɧɵ ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɧɟ ɬɨɥɶɤɨ ɩɨɤɚɡɚɬɟɥɟɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɨ 
ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɩɚɪɚɬɨɜ. Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ III ɮɚɡɵ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɟɬɫɹ 
ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɥɟɱɟɧɢɹ ɜ ɨɫɧɨɜɧɨɣ ɢ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɚɯ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ II 
ɢ III ɮɚɡ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɨɞɢɬɶ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɩɚɪɚɬɚ ɫɪɚɜɧɟɧɢɹ (ɪɟɮɟɪɟɧɫ-ɩɪɟɩɚɪɚɬ) ɢɥɢ 
ɩɥɚɰɟɛɨ. ɉɪɢ ɡɚɜɟɪɲɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɚɡɵ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɞɨɩɨɥɧɹɬɶ ɛɪɨɲɸɪɭ ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɜɤɥɸɱɚɹ ɜ ɧɟɟ ɫɜɨɞɧɵɟ ɨɬɱɟɬɵ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɡɭɱɚɟɦɵɯ ɩɪɟɩɚɪɚɬɨɜ. Ʉɨɧɟɱɧɨɣ ɰɟɥɶɸ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɜɧɨɜɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ 
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ɹɜɥɹɟɬɫɹ ɟɝɨ ɪɟɝɢɫɬɪɚɰɢɹ ɜ Ɇɢɧɢɫɬɟɪɫɬɜɟ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɊɎ ɞɥɹ ɦɟɞɢɰɢɧɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɬɢɡɭ ɤɚɱɟɫɬɜɚ 
ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɢ ɷɤɫɩɟɪɬɢɡɭ ɨɬɧɨɲɟɧɢɹ ɨɠɢɞɚɟɦɨɣ ɩɨɥɶɡɵ ɤ ɜɨɡɦɨɠɧɨɦɭ ɪɢɫɤɭ 
ɩɪɢɦɟɧɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ [13]. ɗɤɫɩɟɪɬɢɡɚ ɤɚɱɟɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ – ɷɬɨ 
ɷɤɫɩɟɪɬɢɡɚ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɢ ɤɚɱɟɫɬɜɚ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɢɯ ɦɟɬɨɞɨɜ. ȼ ɫɨɫɬɚɜ 
ɞɨɤɭɦɟɧɬɨɜ ɞɥɹ ɷɤɫɩɟɪɬɢɡɵ ɜɯɨɞɹɬ ɨɬɱɟɬ ɨ ɤɥɢɧɢɱɟɫɤɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɚɜɢɥ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɫɪɟɞɫɬɜ (Good Manufacturing practice – GMP) [17, 18]. 

ɋɜɨɢ ɡɚɤɥɸɱɟɧɢɹ ɷɤɫɩɟɪɬɧɵɟ ɤɨɦɢɫɫɢɢ ɨɮɨɪɦɥɹɸɬ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɟ [13] ɢ ɧɚɩɪɚɜɥɹɸɬ ɜ 
Ɉɬɞɟɥ Ɋɟɝɢɫɬɪɚɰɢɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ Ɇɢɧɢɫɬɟɪɫɬɜɨ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɊɎ. ɗɬɨ ɮɢɧɚɥɶɧɵɣ ɷɬɚɩ, 
ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɪɚɡɪɚɛɨɬɱɢɤ ɭɠɟ ɩɨɥɭɱɚɟɬ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɢɥɢ ɨɬɤɚɡ ɜ ɪɟɝɢɫɬɪɚɰɢɢ ɫɜɨɟɝɨ ɩɪɟɩɚɪɚɬɚ. 

ȼ ɩɨɫɬɪɟɝɢɫɬɪɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɩɪɨɜɨɞɹɬ IV ɮɚɡɭ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼɨ ɜɪɟɦɹ ɷɬɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɭɱɚɸɬ ɩɨɤɚɡɚɬɟɥɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɩɚɪɚɬɨɜ, ɜɧɟɞɪɟɧɧɵɯ ɜ ɩɪɚɤɬɢɤɭ 
ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ. ȼ ɡɚɞɚɱɢ ɩɨɫɬɪɟɝɢɫɬɪɚɰɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜɯɨɞɢɬ: ɜɵɹɜɥɟɧɢɟ ɪɟɞɤɢɯ ɩɨɛɨɱɧɵɯ 
ɷɮɮɟɤɬɨɜ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɩɚɪɚɬɨɜ; ɪɚɫɲɢɪɟɧɢɹ ɩɨɤɚɡɚɧɢɣ ɤ ɩɪɢɦɟɧɟɧɢɸ ɩɪɟɩɚɪɚɬɨɜ; ɨɰɟɧɤɚ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɩɚɪɚɬɚ, ɭɬɨɱɧɟɧɢɟ ɫɯɟɦ ɜɜɟɞɟɧɢɹ ɢ ɬ.ɩ. 

Ɋɟɝɢɫɬɪɚɰɢɨɧɧɨɟ ɭɞɨɫɬɨɜɟɪɟɧɢɟ ɧɚ ɜɩɟɪɜɵɟ ɪɟɝɢɫɬɪɢɪɭɟɦɵɟ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 
ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ, ɜɵɞɚɟɬɫɹ ɫɪɨɤɨɦ ɞɟɣɫɬɜɢɹ ɧɚ ɩɹɬɶ ɥɟɬ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɷɬɨɝɨ ɫɪɨɤɚ 
ɪɟɝɢɫɬɪɚɰɢɨɧɧɨɟ ɭɞɨɫɬɨɜɟɪɟɧɢɟ ɜɵɞɚɟɬɫɹ ɛɟɫɫɪɨɱɧɨ – ɜ ɫɥɭɱɚɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɟɝɢɫɬɪɚɰɢɢ 
ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ. ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɪɟɝɢɫɬɪɚɰɢɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ: ɟɫɥɢ ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɧɚɯɨɞɢɥɫɹ ɜ ɨɛɪɚɳɟɧɢɢ ɩɨɫɥɟɞɧɢɟ 3 ɝɨɞɚ 
ɩɨɫɥɟ ɪɟɝɢɫɬɪɚɰɢɢ; ɩɪɢ ɧɚɥɢɱɢɢ ɞɨɤɭɦɟɧɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɧɢɬɨɪɢɧɝɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ (ɩɪɨɜɟɞɟɧɢɟ IV ɮɚɡɵ), ɟɫɥɢ ɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ 
ɩɪɟɩɚɪɚɬɚ ɢɦɟɟɬɫɹ ɥɢɰɟɧɡɢɹ ɢɥɢ ɤɨɩɢɹ ɡɚɤɥɸɱɟɧɢɹ ɨ ɫɨɨɬɜɟɬɫɬɜɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɫɪɟɞɫɬɜ ɬɪɟɛɨɜɚɧɢɹɦ ɉɪɚɜɢɥ ɧɚɞɥɟɠɚɳɟɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɢ (GMP). 

ɇɟɫɨɜɟɪɲɟɧɧɨɫɬɶ ɧɨɪɦɚɬɢɜɧɨɣ ɛɚɡɵ ɊɎ ɜ ɨɛɥɚɫɬɢ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɊɎ, ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɡɧɚɧɵ ɜ 
ɫɢɫɬɟɦɟ MAD. Ⱥ ɡɧɚɱɢɬ, ɜɵɯɨɞ ɧɚ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɣ ɪɵɧɨɤ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɪɨɫɫɢɣɫɤɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɩɪɹɠɟɧ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɜɥɨɠɟɧɢɹɦɢ ɪɚɡɪɚɛɨɬɱɢɤɚ ɧɚ ɩɨɜɬɨɪ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢ 
ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚ ɩɪɟɞɟɥɚɦɢ Ɋɨɫɫɢɢ. ȼ ɨɫɧɨɜɧɨɦ ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɥɟɤɚɪɫɬɜɟɧɧɵɟ 
ɩɪɟɩɚɪɚɬɵ ɪɨɫɫɢɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟ ɦɨɝɭɬ ɫɨɫɬɚɜɢɬɶ ɤɨɧɤɭɪɟɧɰɢɸ ɫɜɨɢɦ ɡɚɪɭɛɟɠɧɵɦ ɚɧɚɥɨɝɚɦ, 
ɢ ɢɯ ɪɟɚɥɢɡɚɰɢɹ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɜɧɭɬɪɢ ɪɨɫɫɢɣɫɤɨɝɨ ɪɵɧɤɚ. Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ 
ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɩɪɢɜɟɞɟɧɢɟ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɤ ɟɞɢɧɨɦɭ ɫɨɨɬɜɟɬɫɬɜɢɸ ɫ ɭɱɟɬɨɦ 
ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɨɩɵɬɚ, ɢ ɫɨɛɥɸɞɟɧɢɟ ɷɬɢɯ ɩɪɚɜɢɥ ɜ ɩɪɨɜɟɞɟɧɢɢ ɤɚɤ ɤɥɢɧɢɱɟɫɤɢɯ, ɬɚɤ ɢ 
ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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Ɉɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, 

ɩɨɡɜɨɥɹɹ ɩɨɥɭɱɚɬɶ ɭɧɢɤɚɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɥɧɨɝɨ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ 
ɪɟɚɤɰɢɣ. Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɸ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɜ ɯɨɞɟ ɨɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɵɱɧɨ ɧɟ ɭɞɟɥɹɟɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨɝɨ ɜɧɢɦɚɧɢɹ. ȼ ɞɨɤɥɚɞɟ ɨɛɫɭɠɞɚɸɬɫɹ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɨɛɥɟɦɵ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɤɢɧɟɬɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɨɠɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. ɉɨɤɚɡɚɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ 
ɞɚɧɧɵɯ, ɞɨɫɬɭɩɧɵɯ ɜ ɯɨɞɟ ɨɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ ɜɚɠɧɟɣɲɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɟɯɚɧɢɡɦɟ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɩɨɞɯɨɞɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɢɡɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɚɤɰɢɣ 

ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ 

Operando studies is one of the most effective tools for investigating chemical systems, providing unique experimental 

data that has long been required for kinetic studies of reactions. However, the utilization of kinetic methods in operando 

studies is frequently not taken into account. To address this issue, this paper provides a discussion of the current status, 

problems, and prospects of operand kinetic studies of complex catalytic reactions. We demonstrated that different ways of 

synchronizing integral and differential kinetic data on the accumulation of reaction products with kinetic data on the 

concentrations of different intermediates can provide important information on the fundamental aspects of chemical system 

operation. As illustrative examples, different dependences obtained via these synchronizations were applied to cross-coupling 

and related reactions.  

 

ȼ ɞɨɤɥɚɞɟ ɞɚɟɬɫɹ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɟɦɨɝɨ ɜ ɩɨɫɥɟɞɧɟɟ 
ɞɟɫɹɬɢɥɟɬɢɟ ɩɨɞɯɨɞɚ ɤ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɨɥɭɱɢɜɲɟɝɨ ɧɚɡɜɚɧɢɟ 
«ɨɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɹ» («ɨɩɟɪɚɧɞɨ ɫɩɟɤɬɪɨɫɤɨɩɢɹ») [1]. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ 
ɹɜɥɹɟɬɫɹ in situ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɩɪɟɜɪɚɳɟɧɢɣ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ 
ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɢɡɦɟɪɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɛɥɚɝɨɞɚɪɹ ɩɨɥɭɱɟɧɢɸ 
ɭɧɢɤɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɨɬɤɪɵɜɚɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɜ ɨɛɥɚɫɬɢ ɨɩɟɪɚɧɞɨ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 
ɩɨɤɚɡɵɜɚɟɬ ɫɟɪɶɟɡɧɭɸ ɧɟɞɨɨɰɟɧɤɭ ɜɚɠɧɨɫɬɢ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. ɉɪɢɱɟɦ ɪɟɱɶ ɢɞɟɬ ɧɟ ɬɨɥɶɤɨ ɨ 
ɜɨɡɦɨɠɧɨɫɬɹɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ (ɤɢɧɟɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɥɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ), ɧɨ ɢ ɨ ɩɪɨɫɬɵɯ ɤɚɱɟɫɬɜɟɧɧɵɯ ɦɟɬɨɞɚɯ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, 
ɛɚɡɢɪɭɸɳɢɯɫɹ ɧɚ ɢɯ ɜɢɡɭɚɥɢɡɚɰɢɢ. ȼ ɨɫɧɨɜɧɨɦ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟɦ 
ɫɨɫɬɚɜɚ ɢ ɫɬɪɨɟɧɢɹ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɪɟɚɤɰɢɢ, ɮɨɪɦɭɥɢɪɭɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 
ɝɢɩɨɬɟɡɵ ɨ ɦɟɯɚɧɢɡɦɟ ɪɟɚɤɰɢɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɫɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɡɧɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɤɚɬɚɥɢɡɚ 
ɧɟ ɩɨɞɜɟɪɝɚɟɬ ɫɨɦɧɟɧɢɸ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɨɣ ɢɧɢɰɢɢɪɭɟɬ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɢɧɬɟɪɦɟɞɢɚɬɨɜ, 
ɜɵɩɨɥɧɹɸɳɢɯ ɪɚɡɧɵɟ ɮɭɧɤɰɢɢ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɱɟɜɢɞɧɭɸ ɨɲɢɛɨɱɧɨɫɬɶ 
ɬɟɡɢɫɚ: “ɤɚɤɢɟ ɩɪɨɞɭɤɬɵ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɛɧɚɪɭɠɟɧɵ ɜ ɪɟɚɤɰɢɨɧɧɨɣ 
ɫɦɟɫɢ, ɬɨ ɢ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ”, ɞɚɧɧɚɹ ɥɨɝɢɤɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɨɩɟɪɚɧɞɨ 
ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɱɬɨ ɧɟ ɦɨɠɟɬ ɧɟ ɫɤɚɡɚɬɶɫɹ ɧɚ ɪɚɡɜɢɬɢɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ 
ɦɟɯɚɧɢɡɦɟ ɤɚɬɚɥɢɡɚ ɦɧɨɝɢɯ ɪɟɚɤɰɢɣ, ɜɟɞɶ ɫɪɟɞɢ ɨɛɧɚɪɭɠɢɜɚɟɦɵɯ ɜ ɯɨɞɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 
ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɟɤɭɪɫɨɪɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɨɝɭɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɤɚɬɚɥɢɬɢɱɟɫɤɢ 
ɚɤɬɢɜɧɵɟ, ɧɨ ɢ ɧɟɚɤɬɢɜɧɵɟ ɢɧɬɟɪɦɟɞɢɚɬɵ. ɇɟɚɤɬɢɜɧɵɟ ɫɩɟɰɢɢ ɬɚɤɠɟ, ɤɚɤ ɢ ɚɤɬɢɜɧɵɟ, ɦɨɝɭɬ 
ɨɤɚɡɵɜɚɬɶ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɯɢɦɢɱɟɫɤɨɣ(ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ) ɫɢɫɬɟɦɵ ɱɟɪɟɡ 
ɩɪɨɰɟɫɫɵ (i) ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɧɬɟɪɦɟɞɢɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ 
(ɨɛɪɚɡɨɜɚɧɢɟ ɚɤɬɢɜɧɵɯ ɫɩɟɰɢɣ ɢɡ ɧɟɚɤɬɢɜɧɨɝɨ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ), (ii) 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɧɬɟɪɦɟɞɢɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɨɛɨɱɧɵɯ ɪɟɚɤɰɢɹɯ (ɞɟɡɚɤɬɢɜɚɰɢɹ/ɨɬɪɚɜɥɟɧɢɟ 
ɚɤɬɢɜɧɵɯ ɫɩɟɰɢɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɚɤɬɢɜɧɵɯ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɫ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ, ɬɚɤ ɢ 
ɩɪɢɤɥɚɞɧɨɣ ɬɨɱɟɤ ɡɪɟɧɢɹ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɨɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɨɥɠɧɨ ɹɜɥɹɬɶɫɹ ɧɟ ɩɪɨɫɬɨ 
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ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɢ ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɣ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɪɨɥɢ ɜ 
ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. ȼ ɞɨɤɥɚɞɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɟɧɢɟ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɩɪɨɰɟɫɫɚɯ ɩɪɟɜɪɚɳɟɧɢɹ ɢɧɬɟɪɦɟɞɢɚɬɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɡɧɚɧɢɟ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ 
ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɫɚɦɨ ɩɨ ɫɟɛɟ ɧɟ ɞɚɟɬ ɧɢɤɚɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɯ ɪɨɥɢ ɜ ɩɪɨɰɟɫɫɟ. ɉɨɥɭɱɟɧɢɟ 
ɧɟɨɛɯɨɞɢɦɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɜ ɨɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɟ ɬɪɟɛɭɟɬ ɧɢɤɚɤɢɯ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. Ɏɚɤɬɢɱɟɫɤɢ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɷɬɢ ɞɚɧɧɵɟ ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ, ɧɨ ɧɢɤɚɤ ɧɟ ɢɫɩɨɥɶɡɨɜɚɧɵ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ № 16-29-10731). 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Operando methodology: Combination of in situ spectroscopy and simultaneous activity measurements under catalytic 
reaction conditions / M.A. Banares, Catalysis Today. – 2005. –V. 100. – P. 71-77. 
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ɍȾɄ 547.856.7 

 

1H-ɇȺɎɌɈ[1,8-de][1,2,3]ɌɊɂȺɁɂɇ ȼ ɊȿȺɄɐɂɂ ɋ ɉɂɊɂɆɂȾɂɇȺɆɂ  
ȼ ɉɈɅɂɎɈɋɎɈɊɇɈɃ ɄɂɋɅɈɌȿ 

 
Ʉ.Ʉ. Ⱥɦɚɞɢ, ɋ.ȼ. ɓɟɪɛɚɤɨɜ, Ⱦ.Ⱥ. Ʌɨɛɚɱ, Ⱥ.ȿ. ɐɵɫɶ, Ⱥ.ȼ. Ⱥɤɫɟɧɨɜ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
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Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɮɟɧɚɥɟɧɨ[1,9-de][1,2,3]ɬɪɢɚɡɢɧɨɜ (1,2,3-ɬɪɢɚɡɚɩɢɪɟɧɨɜ), ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɟɚɤɰɢɢ 

1H-ɧɚɮɬɨ[1,8-de][1,2,3]ɬɪɢɚɡɢɧɚ c ɩɢɪɢɦɢɞɢɧɚɦɢ ɜ ɩɨɥɢɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɟ ɫ 86%-ɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɨɫɮɨɪɧɨɝɨ 
ɚɧɝɢɞɪɢɞɚ. 

A method for the synthesis of phenaleno[1,9-de][1,2,3]triazines (1,2,3-triazapyrenes) based on the reaction of 1H-

naphtho[1,8-de][1,2,3]triazine with pyrimidines in polyphosphoric acid with 86% phosphoric anhydride was developed. 

 
ɏɢɦɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɨɥɢɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɚɡɚɮɟɧɚɥɟɧɨɜ 

ɩɪɨɞɨɥɠɚɟɬ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɬɶɫɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ 
ɜɚɠɧɵɦɢ ɩɪɢɤɥɚɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɛɧɚɪɭɠɟɧɧɵɦɢ ɭ ɢɡɜɟɫɬɧɵɯ ɚɧɚɥɨɝɨɜ ɩɨɞɨɛɧɨ ɩɨɫɬɪɨɟɧɧɵɯ 
ɫɬɪɭɤɬɭɪ. Ʉ ɬɚɤɨɜɵɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɟɳɟɫɬɜɚ ɫ ɩɪɨɬɢɜɨɪɚɤɨɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [1], ɚ ɬɚɤɠɟ 
ɫɩɨɫɨɛɧɵɟ ɜɵɫɬɭɩɚɬɶ ɜ ɪɨɥɢ ɢɧɬɟɪɤɚɥɹɬɨɪɨɜ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ. ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɜ 
ɫɜɹɡɢ ɫ ɛɭɪɧɵɦ ɪɚɡɜɢɬɢɟɦ ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɨɣ ɯɢɦɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɤ ɩɨɥɢɚɡɚɩɢɪɟɧɚɦ 
ɫɜɹɡɚɧ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ «ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɭɫɬɪɨɣɫɬɜ» ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɯɢɦɢɢ [2]. 

ȼ ɫɨɨɛɳɟɧɢɢ [3] ɝɨɜɨɪɢɥɨɫɶ ɨ ɧɚɣɞɟɧɧɨɣ ɧɚɦɢ ɪɟɚɤɰɢɢ ɪɟɰɢɤɥɢɡɚɰɢɢ ɩɢɪɢɦɢɞɢɧɨɜɨɝɨ ɰɢɤɥɚ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɥɢɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ 
ɚɧɧɟɥɢɪɨɜɚɧɢɟ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɨɝɨ ɹɞɪɚ ɤ ɩɪɨɢɡɜɨɞɧɵɦ 1ɇ-ɩɟɪɢɦɢɞɢɧɚ. Ɍɚɤ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 6-
ɮɟɧɢɥɡɚɦɟɳɟɧɧɵɟ 1,3-ɞɢɚɡɚɩɢɪɟɧɵ (ɛɟɧɡɨ[gh]ɩɟɪɢɦɢɞɢɧɵ) (3ɚ-ɫ). Ɋɟɚɤɰɢɸ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ 
ɩɪɢ 140-150 oC ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɫɦɟɫɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 1ɇ-ɩɟɪɢɦɢɞɢɧɚ (1ɚ-ɫ) 
ɫ 4-ɮɟɧɢɥɩɢɩɪɢɦɢɞɢɧɨɦ (2) ɜ ɉɎɄ ɫ 86%-ɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ P2O5 (ɫɯɟɦɚ 1). 

 

 
ɋɯɟɦɚ 1. ɋɢɧɬɟɡ ɛɟɧɡɨ[gh]ɩɟɪɢɦɢɞɢɧɨɜ ɢɡ 1ɇ-ɩɟɪɢɦɢɞɢɧɨɜ 

 
ɀɟɥɚɹ ɪɚɫɲɢɪɢɬɶ ɝɪɚɧɢɰɵ ɩɪɢɦɟɧɢɦɨɫɬɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɦɵ ɩɪɟɞɩɪɢɧɹɥɢ ɩɨɩɵɬɤɭ 

ɩɪɨɜɟɫɬɢ ɪɟɚɤɰɢɸ ɫ ɞɪɭɝɢɦ ɧɚɛɨɪɨɦ ɚɡɚɮɟɧɚɥɟɧɨɜ ɢ ɩɢɪɢɦɢɞɢɧɨɜ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 1,2,3-ɬɪɢɚɡɚɮɟɧɚɥɟɧɚ (1H-ɧɚɮɬɨ[1,8-de][1,2,3]ɬɪɢɚɡɢɧɚ) (4) ɫ 4-
ɮɟɧɢɥɩɢɪɢɦɢɞɢɧɨɦ (2) ɢ 2-ɚɦɢɧɨ-4-ɦɟɬɢɥɩɢɪɢɦɢɞɢɧɨɦ (6) ɜ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɭɫɥɨɜɢɹɯ 
ɩɪɢɜɨɞɢɬ ɤ ɫɢɧɬɟɡɭ ɮɟɧɚɥɟɧɨ[1,9-de][1,2,3]ɬɪɢɚɡɢɧɨɜ (1,2,3-ɬɪɢɚɡɚɩɢɪɟɧɨɜ) (5a,b). ȼɵɯɨɞ 
ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɫɬɚɜɢɥ 55-58% (ɫɯɟɦɚ 2). 
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ɋɯɟɦɚ 2. ɋɢɧɬɟɡ ɮɟɧɚɥɟɧɨ[1,9-de][1,2,3]ɬɪɢɚɡɢɧɨɜ ɢɡ 1H-ɧɚɮɬɨ[1,8-de][1,2,3]ɬɪɢɚɡɢɧɚ 
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ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɪɟɚɤɰɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɫ ɩɹɬɢɱɥɟɧɧɵɦɢ O, S-ɫɨɞɟɪɠɚɳɢɦɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ 

ɫɨɟɞɢɧɟɧɢɹɦɢ ɜ ɭɫɥɨɜɢɹɯ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɢɧɢɰɢɢɪɨɜɚɧɢɹ. Ʉɥɸɱɟɜɨɣ ɫɬɚɞɢɟɣ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɋ-S ɫɜɹɡɢ ɜ ɞɚɧɧɵɯ 
ɫɭɛɫɬɪɚɬɚɯ ɹɜɥɹɟɬɫɹ ɝɨɦɨɥɢɡ ɪɟɚɝɟɧɬɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɨɛɥɭɱɟɧɢɹ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɢɥ 
ɩɨɥɭɱɢɬɶ ɬɢɨɩɪɨɢɡɜɨɞɧɵɟ ɮɭɪɚɧɚ ɢ ɬɢɨɮɟɧɚ, ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɜ ɤɚɱɟɫɬɜɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, 
ɨɩɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɬɛɟɥɢɜɚɸɳɢɯ ɜɟɳɟɫɬɜ, ɩɢɳɟɜɵɯ ɚɪɨɦɚɬɢɡɚɬɨɪɨɜ.  

The reaction of hydrogen sulfide with five-membered O, S-containing heterocyclic compounds under microwave 

initiation conditions is considered in this work. The key stage in the formation of the C-S bond in these substrates is the 

homolysis of the reagent under the action of microwave irradiation. The developed approach allowed to obtain of furan and 

thiophene thioderivatives, which are widely used as medicines, optical materials, bleaching agents, food flavors. 

 
ɋɟɪɨɫɨɞɟɪɠɚɳɢɟ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɡɚɧɢɦɚɸɬ ɜɚɠɧɨɟ ɦɟɫɬɨ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ 

ɯɢɦɢɢ, ɨɧɢ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ, 
ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ [1-3]. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 
ɩɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɛɥɟɦɚɬɢɱɧɨ, ɨɫɨɛɟɧɧɨ ɜɜɟɞɟɧɢɟ ɜ ɢɯ ɫɬɪɭɤɬɭɪɭ ɬɢɨɝɪɭɩɩɵ. 

Ɉɫɧɨɜɧɵɦ ɦɨɦɟɧɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɨɛɥɭɱɟɧɢɹ (ɆȼɈ) ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɬɪɭɞɧɨɨɫɭɳɟɫɬɜɢɦɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɫɤɨɪɨɫɬɢ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɚɤɬɢɜɚɰɢɢ ɢɧɟɪɬɧɵɯ ɪɟɚɝɟɧɬɨɜ ɫ ɰɟɥɶɸ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɢɦɟɸɳɢɯɫɹ ɪɚɛɨɬ ɚɧɚɥɨɝɢɱɧɨɣ ɬɟɦɚɬɢɤɢ ɩɨɫɜɹɳɟɧɨ ɢɡɭɱɟɧɢɸ ɪɟɚɤɰɢɣ 
ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ (ɫɯɟɦɚ 1), ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɥɭɱɟɧɢɟ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫɟɪɵ ɫ ɭɱɚɫɬɢɟɦ ɪɚɡɥɢɱɧɵɯ ɫɟɪɧɢɫɬɵɯ ɪɟɚɝɟɧɬɨɜ, ɢɫɤɥɸɱɚɹ 
ɫɟɪɨɜɨɞɨɪɨɞ [4].  

   (1) 
 

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɚɝɟɧɬɚɦɢ ɞɥɹ ɬɢɨɥɢɪɨɜɚɧɢɹ ɩɢɪɢɞɢɧɚ, ɯɢɧɨɥɢɧɚ ɢ ɩɢɪɢɦɢɞɢɧɚ ɹɜɥɹɸɬɫɹ 
ɦɟɪɤɚɩɬɢɞɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. ɍɫɥɨɜɢɹ ɆȼɈ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɸɬ ɜɪɟɦɹ ɫɢɧɬɟɡɚ 
ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

Ɋɚɧɟɟ ɦɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɇ2S ɜ ɪɟɚɤɰɢɹɯ ɫ S-, O-, N-ɫɨɞɟɪɠɚɳɢɦɢ 
ɩɹɬɢɱɥɟɧɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɞɨɤɫ-ɚɤɬɢɜɚɰɢɸ ɪɟɚɝɟɧɬɚ [5]. 
Ɋɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɪɟɞɨɤɫ-ɚɤɬɢɜɚɰɢɢ ɇ2S ɩɨɡɜɨɥɢɥɢ ɩɪɨɜɟɫɬɢ ɪɟɚɤɰɢɢ S-ɪɟɰɢɤɥɢɡɚɰɢɢ ɮɭɪɚɧɚ, 
2,5-ɞɢɦɟɬɢɥɮɭɪɚɧɚ ɢ ɩɢɪɪɨɥɚ, ɚ ɬɚɤɠɟ ɬɢɨɥɢɪɨɜɚɧɢɟ ɮɭɪɚɧɚ ɢ ɬɢɨɮɟɧɚ ɩɪɢ 25 °ɋ. Ɉɞɧɚɤɨ 
ɪɟɞɨɤɫ-ɚɤɬɢɜɚɰɢɹ ɇ2S ɞɨ ɧɟɫɬɚɛɢɥɶɧɨɣ ɢɨɧ-ɪɚɞɢɤɚɥɶɧɨɣ ɮɨɪɦɵ ɩɪɨɬɟɤɚɟɬ ɬɨɥɶɤɨ ɜ ɧɟɜɨɞɧɨɣ 
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ɫɪɟɞɟ. ɇɚɦɢ ɭɫɩɟɲɧɨ ɩɪɨɜɟɞɟɧɚ SH-ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɹ ɰɢɤɥɨɚɥɤɚɧɨɜ ɋ5-ɋ8 ɫ ɭɱɚɫɬɢɟɦ ɇ2S ɜ 
ɭɫɥɨɜɢɹɯ ɆȼɈ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɩɨɥɭɱɟɧɵ ɰɢɤɥɨɚɥɤɚɧɬɢɨɥɵ, 
(ɞɢɰɢɤɥɨɚɥɤɢɥ)ɞɢ-, ɬɪɢ- ɢ ɩɨɥɢɫɭɥɶɮɢɞɵ [6]. ɋɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɬɢɨɮɟɧɚ 
ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɫɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɢɥɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ [7, 8]. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɮɭɪɚɧɚ, ɬɢɨɮɟɧɚ ɫ ɇ2S ɩɪɢ ɦɨɳɧɨɫɬɢ ɆȼɈ – 700 ȼɬ. ȼɪɟɦɹ ɆȼɈ ɜɚɪɶɢɪɨɜɚɥɢ ɨɬ 3 ɞɨ 30 ɦɢɧ ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɭɦɟɪɟɧɧɨɝɨ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɦɨɧɨ- ɢ ɞɢɬɢɨɥɢɪɨɜɚɧɢɹ ɫɭɛɫɬɪɚɬɨɜ. Ɋɟɚɤɰɢɢ 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɫɭɛɫɬɪɚɬ/ɪɟɚɝɟɧɬ 1:5.  

ɉɟɪɜɨɣ ɫɬɚɞɢɟɣ ɩɪɟɜɪɚɳɟɧɢɣ ɹɜɥɹɟɬɫɹ ɝɨɦɨɥɢɡ ɫɜɹɡɢ S-H ɜ ɦɨɥɟɤɭɥɟ ɫɟɪɨɜɨɞɨɪɨɞɚ; ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɝɟɧɟɪɢɪɭɟɬɫɹ ɬɢɢɥɶɧɵɣ ɪɚɞɢɤɚɥ (ɫɯɟɦɚ 2). 

 

  (2) 
 

Ⱦɚɥɟɟ ɩɪɨɬɟɤɚɟɬ ɪɟɚɤɰɢɹ ɬɢɨɡɚɦɟɳɟɧɢɹ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɜ O-, S-ɫɨɞɟɪɠɚɳɢɯ 
ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ. Ɏɭɪɚɧ ɪɟɚɝɢɪɭɟɬ ɫ ɫɟɪɨɜɨɞɨɪɨɞɨɦ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ ɩɨ ɫɯɟɦɟ 3: 

 

   (3) 
 

ȼ ɤɚɱɟɫɬɜɟ ɩɨɛɨɱɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɨɬɟɤɚɸɬ ɪɚɞɢɤɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, 
ɩɪɢɜɨɞɹɳɢɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɟɪɵ ɩɨ ɫɯɟɦɟ 4: 

 

   (4) 
 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɟɪɚ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɥɢɡɚ ɢɥɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɇ2S 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɬɢɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ ɢɡ ɫɟɪɨɜɨɞɨɪɨɞɚ [5, 8]. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɜɵɯɨɞɚ 2-ɮɭɪɚɧɬɢɨɥɚ ɪɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɆȼɈ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɪɚɫɬɜɨɪɟɧɧɨɣ ɫɟɪɵ.  

ɉɪɢ ɜɪɟɦɟɧɢ ɆȼɈ 20 ɦɢɧ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ ɬɢɨɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɚ ɫɨɫɬɚɜɢɥ 62,1 %, ɚ ɫɬɟɩɟɧɶ 
ɩɪɟɜɪɚɳɟɧɢɹ ɫɭɛɫɬɪɚɬɚ – 57,6%. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɢ 
ɦɟɬɨɞɨɦ ɰɢɤɥɢɱɟɫɤɨɣ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ (ɪɢɫ. 1).   

 

 
Ɋɢɫ.1. ɐȼȺ ɨɤɢɫɥɟɧɢɹ: ɮɨɧɨɜɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ (1); ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ  

H2S+S8+ɮɭɪɚɧ (ɦɨɳɧɨɫɬɶ ɆȼɈ – 700 ȼɬ): Ĳ = 15 ɦɢɧ (2);  Ĳ = 20 ɦɢɧ (3) 
(CH3CN, Pt-ɚɧɨɞ, Ag/AgCl, 0,1Ɇ n-Bu4NClO4, v = 0,2 ȼ/ɫ) 

 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɮɭɪɚɧɚ (2,0 ȼ), ɩɨɥɭɱɟɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ – 2-ɮɭɪɚɧɬɢɨɥ (1,56 ȼ) ɨɤɢɫɥɹɟɬɫɹ ɩɪɢ 
ɦɟɧɟɟ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɚɧɨɞɧɨɦ ɩɨɬɟɧɰɢɚɥɟ ɜɜɢɞɭ ɜɜɟɞɟɧɢɹ ɞɨɧɨɪɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ. 
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ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɆȼɈ 2-ɮɭɪɚɧɬɢɨɥ ɢ 2-ɬɢɨɮɟɧɬɢɨɥ ɫɩɨɫɨɛɧɵ ɜ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɤɨ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɬɢɨɥɢɪɨɜɚɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 2,5-
ɞɢɬɢɨɡɚɦɟɳɟɧɧɵɯ ɫɭɛɫɬɪɚɬɨɜ ɩɨ ɫɯɟɦɟ 5:  

 

  (5) 
 

ȼ ɫɥɭɱɚɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɢɨɮɟɧɚ ɫ ɇ2S ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɞɭɤɬɨɜ – 2-ɬɢɨɮɟɧɬɢɨɥ/2,5-
ɬɢɨɮɟɧɞɢɬɢɨɥ ɫɨɫɬɚɜɢɥɨ 1:2 ɩɪɢ ɜɪɟɦɟɧɢ ɆȼɈ 20 ɦɢɧ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɬɢɨɩɪɨɢɡɜɨɞɧɵɟ ɮɭɪɚɧɚ ɢ ɬɢɨɮɟɧɚ ɜ ɭɫɥɨɜɢɹɯ 
ɆȼɈ, ɩɪɢɱɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɪɟɚɤɰɢɢ ɜɥɢɹɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚ 
ɜɵɯɨɞ, ɧɨ ɢ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɬɢɨɥɢɪɨɜɚɧɢɹ ɫɭɛɫɬɪɚɬɨɜ. Ɋɚɫɬɜɨɪɟɧɧɚɹ ɫɟɪɚ 
ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɣ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɹɬɢɱɥɟɧɧɵɯ 
O, S-ɫɨɞɟɪɠɚɳɢɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɇɎ (ɝɪɚɧɬ №17-13-01168) 
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ɍȾɄ 547.793.4 

 

ȽȿɌȿɊɈɐɂɄɅɂɁȺɐɂə 2-ȺɅɅɂɅɋɍɅɖɎȺɇɂɅ-5-ɎȿɇɂɅ-1,3,4-ɈɄɋȺȾɂȺɁɈɅȺ  
ɉɈȾ ȾȿɃɋɌȼɂȿɆ ȽȺɅɈȽȿɇɈȼ 
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 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 454080, ɝ. ɑɟɥɹɛɢɧɫɤ, ɩɪɨɫɩ. Ʌɟɧɢɧɚ, 76. 

e-mail: kseniya.bakina@mail.ru  

 
Ƚɟɬɟɪɨɰɢɤɥɢɡɚɰɢɟɣ 2-(ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ)-5-ɮɟɧɢɥ-1,3,4-ɨɤɫɚɞɢɚɡɨɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɚɥɨɝɟɧɨɜ ɩɨɥɭɱɟɧɵ 

ɧɟɢɡɜɟɫɬɧɵɟ ɪɚɧɟɟ ɝɚɥɨɝɟɧɢɞɵ 6-ɝɚɥɨɝɟɧ-2-ɮɟɧɢɥ-6,7-ɞɢɝɢɞɪɨ-5H-[1,3,4]ɨɤɫɚɞɢɚɡɨɥɨ[2,3-b][1,3]ɬɢɚɡɢɧɢɹ. 
The heterocyclization of 2-(allylsulfanyl)-5-phenyl-1,3,4-oxadiazole under the action of halogens leads to formation of 

previously unknown 6-halogen-2-phenyl-6,7-dihydro-5H-[1,3,4]oxadiazolo[2,3-b][1,3,]thiazinium halides. 

 
1,3,4-ɨɤɫɚɞɢɚɡɨɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɚɠɧɵɣ ɤɥɚɫɫ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ 
ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɩɪɨɢɡɜɨɞɧɵɯ 1,3,4-ɨɤɫɚɞɢɚɡɨɥɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ.  

ɇɚɦɢ ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ 5-ɮɟɧɢɥ-1,3,4-ɨɤɫɚɞɢɚɡɨɥ-2-ɬɢɨɧɚ (1) ɚɥɥɢɥɛɪɨɦɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɨɫɧɨɜɚɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧ 2-(ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ)-5-ɮɟɧɢɥ-1,3,4-ɨɤɫɚɞɢɚɡɨɥ (2a). ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ, 
ɱɬɨ ɚɥɥɢɥɫɭɥɶɮɢɞ 2ɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɚɥɨɝɟɧɨɜ. Ɋɟɚɤɰɢɹ 
ɩɪɨɬɟɤɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ ɚɧɧɟɥɢɪɨɜɚɧɢɟɦ ɬɢɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɚɥɨɝɟɧɢɞɨɜ 6-
ɝɚɥɨɝɟɧ-2-ɮɟɧɢɥ-6,7-ɞɢɝɢɞɪɨ-5H-[1,3,4]ɨɤɫɚɞɢɚɡɨɥɨ[2,3-b][1,3]ɬɢɚɡɢɧɢɹ (3a,b).  

 

 
ɇɚɣɞɟɧɨ, ɱɬɨ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɚɥɥɢɥɫɭɥɶɮɢɞɚ 2a ɜ ȾɆɎȺ ɜ ɬɟɱɟɧɢɟ 8 ɱ ɩɪɨɢɫɯɨɞɢɬ 

ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ Ʉɥɹɣɡɟɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 3-ɚɥɥɢɥ-5-ɮɟɧɢɥ-1,3,4-ɨɤɫɚɞɢɚɡɨɥ-2(3H)-ɬɢɨɧɚ (2b). 
ɋɬɪɨɟɧɢɟ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɚɦɢ ɯɪɨɦɚɬɨ-ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ əɆɊ 1ɇ. 
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ɋɂɇɌȿɁ ɇɈȼɕɏ 3H-ɉɂɊɊɈɅɈȼ ɋɈ ɋɅɈɀɇɈɗɎɂɊɇɕɆɂ ȽɊɍɉɉȺɆɂ 

 

Ɇ.ɘ. Ȼɟɥɢɤɨɜ 
ɎȽȻɈɍ ȼɈ «ɑɭɜɚɲɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɂ.ɇ. ɍɥɶɹɧɨɜɚ» 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 428015, ɝ. ɑɟɛɨɤɫɚɪɵ, Ɇɨɫɤɨɜɫɤɢɣ ɩɪɨɫɩ., 19. 

e-mail: belikovmil@mail.ru 

 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 8-ɚɦɢɧɨ-6-ɦɨɪɮɨɥɢɧɨ-1-ɨɤɫɨ-2-ɨɤɫɚ-7-ɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,6,8-ɬɪɢɟɧ-9-ɤɚɪɛɨɧɢɬɪɢɥɨɜ ɫ 

ɦɟɬɚɧɨɥɨɦ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɤɪɵɬɢɸ Ȗ-ɥɚɤɬɨɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɬɢɥ 5-ɚɦɢɧɨ-2-

ɦɨɪɮɨɥɢɧɨ-4-ɰɢɚɧɨ-3-(1,2-ɞɢɚɥɤɢɥ-2-ɨɤɫɨɷɬɢɥ)-3H-ɩɢɪɪɨɥ-3-ɤɚɪɛɨɤɫɢɥɚɬɨɜ. 
The interaction of the 8-amino-6-morpholino-1-oxo-2-oxa-7-azaspiro[4.4]nona-3,6,8-triene-9-carbonitrile with 

methanol in an alkaline medium leads to the opening of the Ȗ-lactone fragment and the formation of methyl 5-amino-4-cyano-

2-morpholino-3-(1,2-dialkyl-2-oxoethyl)-3H-pyrrole-3-carboxylates. 

 
ɇɟɚɪɨɦɚɬɢɱɟɫɤɢɢɟ ɫɨɟɞɢɧɟɧɢɹ 3ɇ-ɩɢɪɪɨɥɶɧɨɝɨ ɪɹɞɚ ɹɜɥɹɸɬɫɹ ɢɡɨɦɟɪɚɦɢ ɧɚɦɧɨɝɨ ɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 1ɇ-ɩɢɪɪɨɥɨɜ. Ⱦɚɧɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɜ ɢɯ ɫɬɪɭɤɬɭɪɟ ɚɡɚɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɜɨɝɨ 
ɮɪɚɝɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɜɥɢɹɧɢɟɦ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ ɩɪɢ 3ɇ-ɩɢɪɪɨɥɶɧɨɦ ɰɢɤɥɟ. 
Ɉɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɞɥɹ ɫɢɧɬɟɡɚ 3ɇ-ɩɢɪɪɨɥɨɜ, ɨɩɢɫɚɧɵ ɜ ɨɛɡɨɪɟ 
[1]. Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɫɢɧɬɟɡɚ 3ɇ-ɩɢɪɪɨɥɨɜ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɬɟɬɪɚɰɢɚɧɨɷɬɢɥɢɪɨɜɚɧɧɵɯ ɤɟɬɨɧɨɜ ɬɢɩɚ 1 ɫ N-ɧɭɤɥɟɨɮɢɥɚɦɢ. 

ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ 3ɇ-ɩɢɪɪɨɥɨɜ, ɢɦɟɸɳɢɯ ɩɪɢ 
ɰɢɤɥɟ ɫɨɱɟɬɚɧɢɟ ɧɢɬɪɢɥɶɧɨɣ, ɚɦɢɧɨ- ɢ ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɝɪɭɩɩ. ȼɵɹɫɧɟɧɨ, ɱɬɨ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɩɢɪɚɧɨɜ 2, ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɢɡ ɤɟɬɨɧɢɬɪɢɥɨɜ 1, ɫ ɦɟɬɚɧɨɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOH ɨɛɪɚɡɭɸɬɫɹ ɫ ɜɵɯɨɞɨɦ 54-60% ɦɟɬɢɥ-5-ɚɦɢɧɨ-2-ɦɨɪɮɨɥɢɧɨ-4-ɰɢɚɧɨ-3-
(1,2-ɞɢɚɥɤɢɥ-2-ɨɤɫɨ)-3H-ɩɢɪɪɨɥ-3-ɤɚɪɛɨɤɫɢɥɚɬɵ 3. 

 
ɋɥɨɠɧɨɷɮɢɪɧɵɣ ɮɪɚɝɦɟɧɬ ɫɨɟɞɢɧɟɧɢɣ 3 ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɰɢɤɥɢɡɚɰɢɢ Ȗ-

ɥɚɤɬɨɧɧɨɝɨ ɰɢɤɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɟɬɚɧɨɥɚ, ɜɵɫɬɭɩɚɸɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɪɟɚɝɟɧɬɚ.  
ɋɬɪɨɟɧɢɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 3 ɩɨɞɬɜɟɪɠɞɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɤɨɦɩɥɟɤɫɚ 

ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɜɤɥɸɱɚɹ ɂɄ-, əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɸ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɸ. ɉɨɥɭɱɟɧɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɜɪɚɳɟɧɢɣ ɥɚɤɬɨɧɧɨɝɨ ɰɢɤɥɚ ɫɩɢɪɚɧɨɜ 2 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɭɤɥɟɨɮɢɥɨɜ ɜ ɫɢɧɬɟɡɟ ɩɪɨɢɡɜɨɞɧɵɯ 3ɇ-ɩɢɪɪɨɥɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɜ 
ɬɪɟɬɶɟɦ ɩɨɥɨɠɟɧɢɢ ɰɢɤɥɚ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ 

ɚɫɩɢɪɚɧɬɨɜ № ɋɉ-2501.2016.4. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Synthesis of 3H-pyrroles (microreview) / M.Yu. Belikov, O.V. Ershov // Chem. Heterocyclic Compd. – 2016. – Vol. 

52, iss. 5. – P.  279–281. – doi: 10.1007/s10593-016-1877-8.  
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ȼɅɂəɇɂȿ ɌɂɉȺ ɈɌȼȿɊȾɂɌȿɅə ɇȺ ɌȼȿɊȾɈɋɌɖ  

ɍȽɅȿɊɈȾ - ɗɉɈɄɋɂȾɇɕɏ ɄɈɆɉɈɁɂɌɈȼ 

 
ɂ.ɋ. Ȼɟɪɞɸɝɢɧɚ, Ⱥ.Ƚ. Ȼɚɧɧɨɜ 

ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630073, ɝ. ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ Ʉ. Ɇɚɪɤɫɚ, 20. 

e-mail: irina_berdugina@mail.ru 

 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɹ ɬɢɩɚ ɨɬɜɟɪɞɢɬɟɥɹ ɧɚ ɬɜɟɪɞɨɫɬɶ ɭɝɥɟɪɨɞ - ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ. 

ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɬɜɟɪɞɨɦɟɪɟ ɩɨ ɦɟɬɨɞɭ ɒɨɪɚ Ⱦ. 

In this article the influences of type of a hardener on the hardness of carbon - epoxy composites is considered. The 

measurement of hardness was carried out by the Shore D method. 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ 

ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɤɥɟɟɜ, ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ȼɨɥɶɲɨɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɤɨɦɩɨɡɢɬɵ ɧɚ ɛɚɡɟ ɷɩɨɤɫɢɞɧɵɯ 
ɫɦɨɥ (ɗɋ). Ɉɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
Ɂɧɚɱɢɦɭɸ ɪɨɥɶ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɢɝɪɚɟɬ ɢɯ ɬɜɟɪɞɨɫɬɶ, ɬɚɤ, ɧɚɩɪɢɦɟɪ, ɤɨɦɩɨɡɢɬɵ ɫ 
ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɬɜɟɪɞɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɤɥɟɹɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɚ ɫ ɜɵɫɨɤɨɣ 
ɬɜɟɪɞɨɫɬɶɸ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ ɞɟɬɚɥɟɣ. Ɍɜɟɪɞɨɫɬɶ ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ (ɗɄ) 
ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɮɚɤɬɨɪɨɜ: ɨɬ ɬɢɩɚ ɷɩɨɤɫɢɞɧɨɣ ɦɚɬɪɢɰɵ, ɨɬɜɟɪɞɢɬɟɥɹ, ɬɢɩɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɧɚɩɨɥɧɢɬɟɥɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɜɟɪɠɞɟɧɢɹ ɢ ɞɪɭɝɢɯ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ ɜɥɢɹɧɢɹ ɬɢɩɚ ɨɬɜɟɪɞɢɬɟɥɹ ɧɚ ɬɜɟɪɞɨɫɬɶ ɭɝɥɟɪɨɞ – ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ.  

Ȼɵɥɨ ɩɨɥɭɱɟɧɨ ɲɟɫɬɶ ɨɛɪɚɡɰɨɜ ɧɚ ɛɚɡɟ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ D.E.R. 331 (DOW Chemicals Co), 
ɹɜɥɹɸɳɚɹɫɹ ɚɧɚɥɨɝɨɦ ɗɋ ɗȾ-20. ɗɋ DER-331 ɫɨɞɟɪɠɢɬ 22,4 – 23,6% ɷɩɨɤɫɢ-ɝɪɭɩɩ, ɚ ɫɪɟɞɧɹɹ 
ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɫɦɨɥɵ 340ɝ/ɦɨɥɶ [1]. ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ 
ɭɝɥɟɪɨɞɧɵɟ ɧɚɩɨɥɧɢɬɟɥɢ – ɦɧɨɝɨɫɬɟɧɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ (ɆɍɇɌ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ 
ɫɨɛɨɣ ɞɥɢɧɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ ɫ ɞɢɚɦɟɬɪɨɦ 40-100 ɧɦ, ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɬɟɧɨɤ ɢ 
ɩɨɥɵɦ ɤɚɧɚɥɨɦ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɭɱɟɧɧɵɣ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɬɟɪɦɨɪɚɫɲɢɪɟɧɧɵɣ ɝɪɚɮɢɬ (ɌɊȽ) ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɦɟɧɟɟ 80 ɦɤɦ, 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɛɪɚɛɨɬɚɧɧɵɣ 0,1 ɧ ɪɚɫɬɜɨɪɨɦ HNO3. ȼ ɤɚɱɟɫɬɜɟ ɨɬɜɟɪɞɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɩɨɥɢɷɬɢɥɟɧɩɨɥɢɚɦɢɧ (ɉɗɉȺ) ɢ ɬɪɢɷɬɢɥɟɧɬɟɬɪɚɦɢɧ (ɌɗɌȺ). ɋɨɨɬɧɨɲɟɧɢɟ ɗɋ ɢ ɨɬɜɟɪɞɢɬɟɥɹ ɜɨ 
ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɫɨɫɬɚɜɥɹɥɨ 6:1 ɜ ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ, ɫɨɞɟɪɠɚɧɢɟ ɧɚɩɨɥɧɢɬɟɥɹ 
ɛɵɥɨ ɩɨɫɬɨɹɧɧɵɦ – 0,5 % ɨɬ ɦɚɫɫɵ ɗɋ. ȼɜɟɞɟɧɢɟ ɆɍɇɌ ɜ ɷɩɨɤɫɢɞɧɭɸ ɦɚɬɢɰɭ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 
ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟɬɨɣ ɞɨ 40 0ɋ ɗɋ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɞɨɛɚɜɥɟɧɢɟɦ ɨɬɜɟɪɞɢɬɟɥɹ. Ⱦɥɹ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɫɦɟɫɢ ɗɋ/ɌɊȽ ɩɪɨɜɨɞɢɥɨɫɶ ɭɥɶɬɪɚɡɜɭɤɨɜɨɟ 
ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ ɌɊȽ ɜ ɫɦɟɫɢ ɗɋ/ɚɰɟɬɨɧ (ɱɚɫɬɨɬɚ ɨɡɜɭɱɢɜɚɧɢɹ 22 ɤȽɰ, ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ 85 
ȼɬ, ɬɟɦɩɟɪɚɬɭɪɚ 60 °ɋ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ 20 ɦɢɧ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɩɚɪɢɜɚɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 
ɜɜɟɞɟɧɢɟɦ ɨɬɜɟɪɞɢɬɟɥɹ.  

Ɉɛɪɚɡɰɚɦ ɛɵɥɢ ɩɪɢɫɜɨɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: №1 – ɧɟɧɚɩɨɥɧɟɧɧɵɣ, ɨɬɜɟɪɠɞɟɧɧɵɣ 
ɉɗɉȺ; №2 – ɧɟɧɚɩɨɥɧɟɧɧɵɣ, ɨɬɜɟɪɠɞɟɧɧɵɣ ɌɗɌȺ; №3 ɢ №5 – ɨɬɜɟɪɠɞɟɧɧɵɟ ɉɗɉȺ, 
ɧɚɩɨɥɧɟɧɧɵɟ ɌɊȽ ɢ ɆɍɇɌ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; №4 ɢ №6 –ɨɬɜɟɪɠɞɟɧɧɵɟ ɌɗɌȺ, ɧɚɩɨɥɧɟɧɧɵɟ ɌɊȽ ɢ 
ɆɍɇɌ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɬɜɟɪɞɨɦɟɪɟ Automatic operating stand Shore Model: 902 
B ɩɨ ɦɟɬɨɞɭ ɒɨɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 24621-91 [2]. Ɂɧɚɱɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɨɛɪɚɡɰɨɜ, 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɲɤɚɥɟ D, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.  
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Ɋɢɫ. 1. Ɍɜɟɪɞɨɫɬɶ ɭɝɥɟɪɨɞ-ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ 

 
ɂɡ ɪɢɫɭɧɤɚ 1 ɜɢɞɧɨ, ɱɬɨ ɬɜɟɪɞɨɫɬɶ ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɧɚɩɨɥɧɢɬɟɥɹ. Ɍɚɤ 

ɞɥɹ ɧɟɧɚɩɨɥɧɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɦɩɨɡɢɬɚɦ, 
ɨɬɜɟɪɠɞɟɧɧɵɦ ɉɗɉȺ. Ⱦɥɹ ɨɛɪɚɡɰɨɜ, ɧɚɩɨɥɧɟɧɧɵɯ ɨɛɪɚɛɨɬɚɧɧɵɦ ɬɟɪɦɨɪɚɫɲɢɪɟɧɧɵɦ ɝɪɚɮɢɬɨɦ, 
ɞɚɧɧɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɫɨɯɪɚɧɹɟɬɫɹ. Ⱦɥɹ ɨɛɪɚɡɰɨɜ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɍɇɌ, 
ɡɧɚɱɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɞɥɹ ɤɨɦɩɨɡɢɬɨɜ ɗɋ+ɉɗɉȺ ɫɨɫɬɚɜɥɹɟɬ 74 HD, ɚ ɞɥɹ ɤɨɦɩɨɡɢɬɨɜ, 
ɨɬɜɟɪɠɞɟɧɧɵɯ ɌɗɌȺ – 83 HD. ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɧɟɧɚɩɨɥɧɟɧɨɝɨ 
ɨɛɪɚɡɰɚ, ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɉɗɉȺ, ɱɬɨ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɶɸ ɫɲɢɜɤɢ 
ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɦɩɨɡɢɬɚ.  

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ ɦɨɥɨɞɵɯ 

ɭɱɟɧɵɯ – ɤɚɧɞɢɞɚɬɨɜ ɧɚɭɤ (ɆɄ-5360.2016.8) 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Productinformation [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ ɤ ɪɟɫɭɪɫɭ - 
http://www.dow.com/assets/attachments/business/pcm/der/der_331/tds/der_331.pdf.- Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ (15.04.2016). 

2. ȽɈɋɌ 84621-91. ɉɥɚɫɬɦɚɫɫɵ ɢ ɷɛɨɧɢɬ. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɩɪɢ ɜɞɚɜɥɢɜɚɧɢɢ ɫ ɩɨɦɨɳɶɸ ɞɸɪɨɦɟɬɪɚ. 
Ʉɨɦɢɬɟɬ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɢ ɦɟɬɪɨɥɨɝɢɢ ɋɋɋɊ Ɇɨɫɤɜɚ. 1991. – 9 ɫ. 
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ɍȾɄ 547:62.642.66.51 

 

ɗɎɎȿɄɌɂȼɇɕɃ ɋɉɈɋɈȻ ɉɈɅɍɑȿɇɂə ɇɈȼɕɏ ɄɂɋɅɈɊɈȾɋɈȾȿɊɀȺɓɂɏ 

ɄɊȺɍɇ-ɗɎɂɊɈȼ ɇȺ ɈɋɇɈȼȿ ȾȼɍɏȺɌɈɆɇɕɏ ɋɉɂɊɌɈȼ 

 
Ɋ.ɇ. Ȼɭɞɚɝɨɜɚ, Ƚ.Ʉ. ɋɚɞɵɯɨɜɚ, ɂ.ɋ. Ʌɸɬɜɚɥɢɡɚɞɟ, ɏ.Ɇ. Ⱥɛɢɟɜɚ 

ɂɧɫɬɢɬɭɬ Ʉɚɬɚɥɢɡɚ ɢ ɇɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ɚɤɚɞ. Ɇ.ɇɚɝɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ  
Ⱥɡɟɪɛɚɣɞɠɚɧ, ɝ. Ȼɚɤɭ, Ⱥz 1143,ɩɪ. Ƚ.Ⱦɠɚɜɢɞɚ-113. 

e-mail: rahila.budaqova@mail.ru 

 
Ɉɫɭɳɟɫɬɜɥɟɧɚ ɪɟɚɤɰɢɹ ɤɨɧɞɟɧɫɚɰɢɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ ɢ ɬɪɚɧɫ-ɰɢɤɥɨɝɟɤɫɚɧɞɢɨɥɚ ɫ ɨɤɫɢɞɨɦ ɷɬɢɥɟɧɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɳɟɥɨɱɢ. ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɧɨɜɵɟ ɤɪɚɭɧ-ɷɮɢɪɵ. ɋɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨɤɚɡɚɧɵ 
əɆɊ 1ɇ ɢ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ. 

Condensation reaction of ethylenqlikole and trans-cycleheksandiole with ethylene oxide has been performed at the 

presence of alkali. New craun-ethers have been synthesized. Composition and structure of the produced compounds were 

confirmed by using NMR 1H and IR-spectrocopy methods. 

 
Ʉɪɚɭɧ-ɷɮɢɪɵ – ɷɬɨ ɭɧɢɤɚɥɶɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ 

ɫɬɪɭɤɬɭɪɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ, ɨɛɥɚɞɚɸɬ ɧɟɨɛɵɱɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɪɚɡɨɜɵɜɚɬɶ 
ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɤɚɬɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ. Ɉɧɢ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɦɟɞɢɰɢɧɟ, 
ɚɝɪɨɯɢɦɢɢ, ɬɨɧɤɨɦ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɦɟɠɮɚɡɧɨɦ ɤɚɬɚɥɢɡɟ, 
ɷɥɟɤɬɪɨɯɢɦɢɢ, ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  

Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɤɪɚɭɧ-ɷɮɢɪɨɜ ɧɚ ɨɫɧɨɜɟ ɚɥɢɰɢɤɥɢɱɟɫɤɢɯ ɢ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɞɢɨɤɫɢɦɨɜ ɫ ɨɤɫɢɞɨɦ ɷɬɢɥɟɧɚ [1,2]. ɉɪɨɞɨɥɠɚɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, 
ɧɚɦɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ 
ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɨɥɢɷɮɢɪɨɜ ɧɚ ɨɫɧɨɜɟ ɷɬɢɥɟɧɝɥɢɤɨɥɹ ɢ ɬɪɚɧɫ-ɰɢɤɥɨɝɟɤɫɚɧɞɢɨɥɚ-1,2. 

ɋɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ ɢɥɢ ɬɪɚɧɫ-ɰɢɤɥɨɝɟɤɫɚɧɞɢɨɥɚ-1,2 ɫ 
ɢɡɛɵɬɤɨɦ ɨɤɫɢɞɚ ɷɬɢɥɟɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 6-18 ɦɨɥɶ ɧɚ 1 ɦɨɥɶ ɢɫɯɨɞɧɵɯ ɞɢɨɥɨɜ ɜ ɫɪɟɞɟ ɛɟɧɡɨɥɚ ɢɥɢ 
ɞɢɨɤɫɚɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ NaOH ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 45 ɨC ɢ ɞɚɜɥɟɧɢɢ 20-30 ɚɬɦ, ɩɪɢ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ 3 ɱ. 

Ɋɟɚɤɰɢɹ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɨɤɫɢɞɚ ɷɬɢɥɟɧɚ ɫ ɞɜɭɯɚɬɨɦɧɵɦɢ ɫɩɢɪɬɚɦɢ ɩɪɨɬɟɤɚɟɬ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ:  

R< OH

OH
+ n CH2 - CH2

O

NaOH

 

R<O - (CH2 -CH2O)n - CH2 - CH2 - OH

O - (CH2 -CH2O)n - CH2 - CH2 - OH -H2O

R<O - (CH2 -CH2O)n - CH2 - CH2

O - (CH2 -CH2O)n - CH2 - CH2 > O
 

 
 

 
 

Ɋɟɚɤɰɢɸ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɩɪɨɜɨɞɢɥɢ ɞɨ ɩɪɟɤɪɚɳɟɧɢɹ ɜɵɞɟɥɟɧɢɹ ɜɨɞɵ, ɫɨɛɢɪɚɟɦɨɣ ɜ 
ɥɨɜɭɲɤɭ Ⱦɢɧɚ-ɋɬɚɪɤɚ ɩɨɫɪɟɞɫɬɜɨɦ ɨɬɝɨɧɤɢ ɚɡɟɨɬɪɨɩɧɨɣ ɫɦɟɫɢ ɛɟɧɡɨɥ-ɜɨɞɚ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ 
ɫɦɟɫɢ ɪɚɫɬɜɨɪɢɬɟɥɶ (ɛɟɧɡɨɥ) ɭɞɚɥɹɥɢ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɧɚ 
ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ. Ɉɫɬɚɬɨɤ ɩɨɞɤɢɫɥɹɥɢ 5 ɦɥ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɇɋl ɞɨ ɤɢɫɥɨɣ ɪɟɚɤɰɢɢ (ɩɨ 
ɭɧɢɜɟɪɫɚɥɶɧɨɦɭ ɢɧɞɢɤɚɬɨɪɭ). Ɂɚɬɟɦ ɟɝɨ ɩɪɨɦɵɜɚɥɢ ɜɨɞɨɣ, ɮɢɥɶɬɪɨɜɚɥɢ, ɞɚɥɟɟ ɩɪɨɦɵɜɚɥɢ 
ɚɰɟɬɨɧɨɦ ɢ ɫɭɲɢɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ. Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɱɢɫɬɵɟ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɤɪɚɭɧ-ɷɮɢɪɵ 
ɩɟɪɟɤɪɢɫɬɚɥɢɡɨɜɵɜɚɥɢ ɢɡ n-ɝɟɩɬɚɧɚ. ȼɵɯɨɞɵ ɤɪɚɭɧ-ɷɮɢɪɨɜ ɫɨɫɬɚɜɥɹɥɢ 86-92% ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ. 

 R - , - CH2 - CH2 -; n=6   18
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ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɤɪɚɭɧ-ɷɮɢɪɵ ɩɨɥɭɱɚɸɬɫɹ ɱɟɪɟɡ ɫɬɚɞɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɞɜɭɯɚɬɨɦɧɵɯ 
ɩɨɥɢɷɮɢɪɨɝɥɢɤɨɥɟɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɝɢɞɪɚɬɚɰɢɟɣ ɩɨɫɥɟɞɧɢɯ (ɩɨɥɢɷɮɢɪɨɫɩɢɪɬɨɜ) ɞɨ ɤɪɚɭɧ-
ɷɮɢɪɨɜ. 

ɉɪɢ ɢɡɛɵɬɤɟ ɨɤɫɢɞɚ ɷɬɢɥɟɧɚ ɫ ɞɜɭɯɚɬɨɦɧɵɦɢ ɫɩɢɪɬɚɦɢ ɫ ɭɱɚɫɬɢɟɦ ɳɟɥɨɱɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɢɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ ɪɚɡɧɨɝɨ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ ɢ 
ɩɨɫɥɟɞɭɸɳɟɣ ɰɢɤɥɢɡɚɰɢɟɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɤɪɚɭɧ-ɫɨɟɞɢɧɟɧɢɣ.  

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɤɪɚɭɧ-ɷɮɢɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɹɡɤɢɟ ɦɚɫɥɹɧɢɫɬɵɟ ɠɢɞɤɨɫɬɢ, ɫɨɫɬɚɜ ɢ 
ɫɬɪɭɤɬɭɪɵ ɤɨɬɨɪɵɯ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ əɆɊ 1ɇ ɢ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ. 

ɂɄ-ɫɩɟɤɬɪɵ: ɩɪɢɫɭɬɫɬɜɢɟ ɩɨɥɨɫɵ ɜ ɨɛɥɚɫɬɢ 1132 ɫɦ-1 ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɤɪɚɭɧ-ɷɮɢɪɧɨɝɨ 
ɮɪɚɝɦɟɧɬɚ, ɞɥɹ ɩɨɥɢɷɮɢɪɧɵɯ ɰɟɩɨɱɟɤ 1440-1480 ɫɦ-1,1450 ɫɦ-1, 1354 ( υCH ), 1120 ( υCO ) ɫɦ-1. 

ɋɩɟɤɬɪɵ əɆɊ 1ɇ, ɦ.ɞ.: 8.2-7.0, 3.52 (ɫ), 3.16-3.90 (ɦ.), 4.44 (ɫ), 7.20 (ɦ); ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ 
ɤɪɚɭɧ-ɷɮɢɪɚ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɦɭɥɶɬɢɩɥɟɬɨɜ ɜ ɨɛɥɚɫɬɢ – 4.2 – 2.6 ɦ.ɞ. 

ɇɟɤɨɬɨɪɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨɥɭɱɟɧɧɵɯ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɨɥɢɷɮɢɪɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ.1. 

Ɍɚɛɥɢɰɚ 
Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɪɚɭɧ-ɷɮɢɪɨɜ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɤɪɚɭɧ-ɷɮɢɪɨɜ ɩɨɤɚɡɚɥɢ ɜɵɪɚɠɟɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 

ɢɯ ɤ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɸ ɢ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɭɸ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶ ɩɪɢ ɷɤɫɬɪɚɤɰɢɢ ɦɟɬɚɥɥɨɜ ɜ 
ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ.  

  
Ʌɢɬɟɪɚɬɭɪɚ 
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ɇɚɡɜɚɧɢɟ Ɍ / 1ɦɦ.ɪɬ.ɫɬ. nD
20 d4

20 T  

ɐɢɤɥɨɝɟɤɫɚɧɨ-18-ɤɪɚɭɧ-6 175-177/1 1,6720 1,1202 30 

18-ɤɪɚɭɧ-6 133-135/1 1,46950 1,0945 22 
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 2-ɰɢɤɥɨɝɟɤɫɟɧɢɥɫɭɥɶɮɚɧɢɥɩɪɨɢɡɜɨɞɧɵɯ ɛɟɧɡɨɬɢɚɡɨɥɚ ɢ 1,3,4-ɬɢɚɞɢɚɡɨɥɚ ɫ ɢɨɞɨɦ ɢ ɛɪɨɦɨɦ 

ɩɪɨɬɟɤɚɟɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɷɥɟɤɬɪɨɮɢɥɶɧɨɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ 1,2,3,4,4ɚ,11ɚ-ɝɟɤɫɚɝɢɞɪɨ[1,3]ɛɟɧɡɨɬɢɚɡɨɥɨ[2,3-b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ, 3,4,5,6-ɬɟɪɬɚɝɢɞɪɨ-2H-2,6-

ɦɟɬɚɧɨ[1,3]ɬɢɚɡɨɰɢɧɨ[2,3-b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ, 4ɚ,5,6,7,8,8ɚ-ɝɟɤɫɚɝɢɞɪɨ[1,3,4]ɬɢɚɞɢɚɡɨɥɨ[2,3-

b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ ɢ 6,7,8,9-ɬɟɬɪɚɝɢɞɪɨ-5H-5,9-ɦɟɬɚɧɨ[1,3,4]ɬɢɚɞɢɚɡɨɥɨ[2,3-b][1,3]ɬɢɚɡɨɰɢɧɢɹ. 
Interaction of 2-cyclohexsenylsulfanyl derivatives of benzothiazole and 1,3,4-thiadiazole with iodine and bromine 

proceeds in the direction of electrophilic intramolecular cyclization with formation of condensed system of 1,2,3,4,4ɚ,11ɚ-

hexahydro[1,3]benzothiazolo[2,3-b][1,3]benzothiazolium, 3,4,5,6-tetrahydro-2H-2,6-methano[1,3]thiazocino[2,3-

b][1,3]benzothiazolium, 2-methyl-4ɚ,5,6,7,8,8ɚ-hexahydro[1,3,4]thiadiazolo[2,3-b][1,3]benzothiazolium and 6,7,8,9-

tetrahydro-5H-5,9- methano[1,3,4]thiadiazolo[2,3-b][1,3]thiazocinium. 

 
ɋɨɟɞɢɧɟɧɢɹ ɪɹɞɨɜ ɛɟɧɡɨɬɢɚɡɨɥɚ ɢ 1,3,4-ɬɢɚɞɢɚɡɨɥɚ ɜɵɡɵɜɚɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤɚɤ ɫ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɢɧɬɨɧɨɜ ɜ ɬɨɧɤɨɦ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɜ ɫɜɹɡɢ ɫ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [1-3]. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɞɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 
ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɇɚɦɢ ɨɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ 2-(2-ɰɢɤɥɨɝɟɤɫɟɧɢɥɫɭɥɶɮɚɧɢɥ)ɛɟɧɡɨɬɢɚɡɨɥɚ (2ɚ) ɢ 
2-(2-ɰɢɤɥɨɝɟɤɫɟɧɢɥɫɭɥɶɮɚɧɢɥ)-5-ɦɟɬɢɥ-1,3,4-ɬɢɚɞɢɚɡɨɥɚ (2b) ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ 
3-ɛɪɨɦɰɢɤɥɨɝɟɤɫɟɧɨɦ ɛɟɧɡɨɬɢɚɡɨɥ-2-ɬɢɨɧɚ (1ɚ) ɢ 5-ɦɟɬɢɥ-1,3,4-ɬɢɚɞɢɚɡɨɥ-2-ɬɢɨɧɚ (1b). 

 
ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɰɢɤɥɨɝɟɤɫɟɧɢɥɩɪɨɢɡɜɨɞɧɵɯ 2a,b ɫ ɛɪɨɦɨɦ ɜ 

ɞɢɯɥɨɪɦɟɬɚɧɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɞɭɤɬɵ 
ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɛɪɨɦɢɞɵ 1-ɛɪɨɦɨ-
1,2,3,4,4ɚ,11ɚ-ɝɟɤɫɚɝɢɞɪɨ[1,3]ɛɟɧɡɨɬɢɚɡɨɥɨ[2,3-b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ (3ɚ) ɢ 5-ɛɪɨɦɨ-2-ɦɟɬɢɥ-
4ɚ,5,6,7,8,8ɚ-ɝɟɤɫɚɝɢɞɪɨ[1,3,4]ɬɢɚɞɢɚɡɨɥɨ[2,3-b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ (3b). ɋɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ +NCH-
ɝɪɭɩɩ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɯɚɪɚɤɬɟɪɧɨɣ ɨɛɥɚɫɬɢ 6.11 ɦ.ɞ. ɢ 5.38 ɦ.ɞ., ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɛɪɨɦɢɞɨɜ 3ɚ 
ɢ 3b.  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɨɟɞɢɧɟɧɢɹ 2a ɫ ɢɨɞɨɦ ɜ ɞɢɨɤɫɚɧɟ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɞɜɭɯ ɩɪɨɞɭɤɬɨɜ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜ ɚɰɟɬɨɧɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 
əɆɊ 1ɇ, ɩɟɪɜɵɣ ɩɪɨɞɭɤɬ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɧɧɟɥɢɪɨɜɚɧɢɹ ɬɢɚɡɨɥɨɜɨɝɨ ɰɢɤɥɚ ɢ 
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ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɨɞɢɞ 1-ɢɨɞ-1,2,3,4,4ɚ,11ɚ-ɝɟɤɫɚɝɢɞɪɨ[1,3]ɛɟɧɡɨɬɢɚɡɨɥɨ[2,3-
b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ (4ɚ), ɫɢɝɧɚɥ ɩɪɨɬɨɧɚ +NCH-ɝɪɭɩɩɵ ɪɚɫɩɨɥɨɠɟɧ ɩɪɢ 6.11 ɦ.ɞ. ȼɬɨɪɨɣ 
ɩɪɨɞɭɤɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɚɧɧɟɥɢɪɨɜɚɧɢɹ ɬɢɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɢɨɞɢɞ 13-ɢɨɞ-3,4,5,6-ɬɟɪɬɚɝɢɞɪɨ-2H-2,6-ɦɟɬɚɧɨ[1,3]ɬɢɚɡɨɰɢɧɨ[2,3-b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ 
(5ɚ), ɫɢɝɧɚɥ ɩɪɨɬɨɧɚ +NCH-ɝɪɭɩɩɵ ɪɚɫɩɨɥɨɠɟɧ ɩɪɢ 5.46 ɦ.ɞ. ȼ ɫɥɭɱɚɟ ɢɨɞɢɪɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɹ 
2b ɚɧɚɥɨɝɢɱɧɵɦ ɩɪɨɢɡɜɨɞɧɨɦɭ 2ɚ ɨɛɪɚɡɨɦ ɩɪɨɢɫɯɨɞɢɬ ɚɧɧɟɥɢɪɨɜɚɧɢɟ ɬɢɚɡɨɥɨɜɨɝɨ ɢ ɬɢɚɡɢɧɨɜɨɝɨ 
ɰɢɤɥɨɜ ɜ ɩɪɨɰɟɫɫɟ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɜ ɜɢɞɟ ɫɦɟɫɢ ɢɨɞɢɞɨɜ 5-
ɢɨɞ-2-ɦɟɬɢɥ-4ɚ,5,6,7,8,8ɚ-ɝɟɤɫɚɝɢɞɪɨ[1,3,4]ɬɢɚɞɢɚɡɨɥɨ[2,3-b][1,3]ɛɟɧɡɨɬɢɚɡɨɥɢɹ (4b) ɢ 11-ɢɨɞɨ-2-
ɦɟɬɢɥ-6,7,8,9-ɬɟɬɪɚɝɢɞɪɨ-5H-5,9-ɦɟɬɚɧɨ[1,3,4]ɬɢɚɞɢɚɡɨɥɨ[2,3-b][1,3]ɬɢɚɡɨɰɢɧɢɹ (5b) ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 10:7, ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ +NCH-ɝɪɭɩɩ ɪɚɫɩɨɥɨɠɟɧɵ ɩɪɢ 5.38 ɦ.ɞ. ɢ 5.18 ɦ.ɞ. ɞɥɹ 
ɢɨɞɢɞɨɜ 4b ɢ 5b, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɬɪɨɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɚɦɢ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ 
əɆɊ 1ɇ.  

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ (ɉɨɫɬɚɧɨɜɥɟɧɢɟ №211 ɨɬ 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɧɬɟɡ ɥɢɩɢɞɨɩɨɞɨɛɧɵɯ ɚɦɮɢɮɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ 3,7-

ɞɢɚɡɚɛɢɰɢɤɥɨ[3.3.1]ɧɨɧɚɧɨɜ, ɫɩɨɫɨɛɧɵɯ ɜɫɬɪɚɢɜɚɬɶɫɹ ɜ ɥɢɩɨɫɨɦɚɥɶɧɭɸ ɦɟɦɛɪɚɧɭ, ɩɪɟɬɟɪɩɟɜɚɬɶ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɩɟɪɟɫɬɪɨɣɤɢ, ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɲɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɥɢɩɢɞɧɨɝɨ ɛɢɫɥɨɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɸɬɫɹ ɫɬɢɦɭɥ-

ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɥɢɩɨɫɨɦɚɥɶɧɵɟ ɤɨɧɬɟɣɧɟɪɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɢɧɬɟɪɟɫ ɞɥɹ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɚɤɢɯ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ ɢɡɦɟɧɟɧɢɟ ɪɇ 
ɫɪɟɞɵ ɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɫ ɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ. 

In the present article synthesis of lipid-like amphiphilic compounds based on 3,7-diazabicyclo[3.3.1]nonanes is being 

described , capable of incorporating into the lipid bilayer and further undergoing conformational reorganization, this is 

accompanied by formation of defects in the lipid packing and a sharp increase in the permeability of liposomal membrane. 

Such liposomal containers with stimulus-sensitive “molecular switchers” can be applied for encapsulation/release of drugs 
under external factors as pH changes and complexation with metal cations. 

 
Ɉɞɧɢɦ ɢɡ ɦɧɨɝɨɨɛɟɳɚɸɳɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 

ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ. ɏɨɪɨɲɨ ɢɡɭɱɟɧɧɵɦɢ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɹɜɥɹɸɬɫɹ ɥɢɩɨɫɨɦɵ. Ʌɢɩɨɫɨɦɚɥɶɧɵɟ 
ɫɢɫɬɟɦɵ ɞɨɫɬɚɜɤɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: ɦɟɧɶɲɚɹ ɬɨɤɫɢɱɧɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɚɞɪɟɫɧɨɣ 
ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɦɟɧɶɲɢɣ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ, ɱɬɨ 
ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɯɢɦɢɨɬɟɪɚɩɢɢ [1]. 
ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ɥɢɩɨɫɨɦ, ɤɚɤ ɧɚɦɢ ɩɨɤɚɡɚɧɨ ɜ ɬɟɤɭɳɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɞɧɵɟ 3,7-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.3.1]ɧɨɧɚɧɚ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ ɫ ɞɜɭɦɹ ɚɥɤɢɥɶɧɵɦɢ ɪɚɞɢɤɚɥɚɦɢ ɩɪɢ ɚɬɨɦɚɯ ɚɡɨɬɚ ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɢɥɢ ɫɥɚɛɨ-
ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɪɢɧɢɦɚɸɬ ɤɨɧɮɨɪɦɚɰɢɸ ɤɪɟɫɥɨ-ɜɚɧɧɚ (Ʉȼ), ɚ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɢɥɢ ɩɪɢ 
ɨɛɪɚɡɨɜɚɧɢɢ ɤɨɦɩɥɟɤɫɨɜ ɫ ɞɢɤɚɬɢɨɧɚɦɢ – ɤɨɧɮɨɪɦɚɰɢɸ ɤɪɟɫɥɨ-ɤɪɟɫɥɨ (ɄɄ) ɫ ɞɪɭɝɨɣ 
ɨɪɢɟɧɬɚɰɢɟɣ ɡɚɦɟɫɬɢɬɟɥɟɣ [2]. ȿɫɬɟɫɬɜɟɧɧɨ ɛɵɥɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɬɚɤɢɟ ɠɟ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɩɟɪɟɫɬɪɨɣɤɢ ɛɭɞɭɬ ɯɚɪɚɤɬɟɪɧɵ ɢ ɞɥɹ ɩɪɨɢɡɜɨɞɧɵɯ 3,7-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.3.1]ɧɨɧɚɧɚ ɫ ɛɨɥɟɟ 
ɞɥɢɧɧɵɦɢ ɚɥɤɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 3,7-
ɞɢɚɡɚɛɢɰɢɤɥɨ[3.3.1]ɧɨɧɚɧɚ ɫ ɞɥɢɧɧɵɦɢ ɥɢɩɨɮɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶ ɪɨɥɶ 
«ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ», ɤɨɬɨɪɵɟ ɛɭɞɭɱɢ ɜɫɬɪɨɟɧɧɵɦɢ ɜ ɥɢɩɢɞɧɵɣ ɛɢɫɥɨɣ ɥɢɩɨɫɨɦ, 
ɩɪɢ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɚɬɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ ɢ ɩɪɨɬɨɧɢɪɨɜɚɧɢɢ ɫɩɨɫɨɛɧɵ ɫɬɢɦɭɥɢɪɨɜɚɬɶ 
ɛɵɫɬɪɵɣ ɜɵɯɨɞ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɥɢɩɨɫɨɦɚɥɶɧɵɯ ɤɨɧɬɟɣɧɟɪɨɜ [3]. Ȼɵɥɚ ɩɨɥɭɱɟɧɚ 
ɫɟɪɢɹ 3,7-ɞɢɚɰɢɥɩɪɨɢɡɜɨɞɧɵɯ 3,7-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.3.1]ɧɨɧɚɧ-9-ɨɧɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɥɢɩɨɮɢɥɶɧɵɦɢ 
ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɭ ɚɬɨɦɚ ɚɡɨɬɚ, ɫɟɪɢɹ 3,7-ɞɢɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ 3,7-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.3.1]ɧɨɧɚɧ-9-ɨɧɚ, 
ɫɟɪɢɹ S-ɫɨɞɟɪɠɚɳɢɯ ɩɪɨɢɡɜɨɞɧɵɯ 3,7-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.3.1]ɧɨɧɚɧ-9-ɨɧɚ, ɢɡɭɱɟɧɵ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ ɥɢɩɢɞɧɨɝɨ ɛɢɫɥɨɹ. 
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Ⱥɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɇɚɭɱɧɵɣ ɐɟɧɬɪ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɇɚɭɱɧɨ-ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɂɧɫɬɢɬɭɬ ɏɢɦɢɢ ɢ Ɍɟɯɧɨɥɨɝɢɢ ɗɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 105118, Ɇɨɫɤɜɚ, ɒɨɫɫɟ ɗɧɬɭɡɢɚɫɬɨɜ, ɞ. 38. 

e-mail: xandrvv777@mail.ru 
 

Ɋɚɡɪɚɛɨɬɚɧ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɣ ɢ ɦɚɥɨɨɩɚɫɧɵɣ ɧɟɩɪɟɪɵɜɧɵɣ ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɣ ɫɢɧɬɟɡ 
ɮɟɧɢɥ(ɦɟɬɢɥ)ɯɥɨɪɫɢɥɚɧɨɜ ɢ ɮɟɧɢɥ(ɦɟɬɢɥ)ɷɬɨɤɫɢɫɢɥɚɧɨɜ – ɢɫɯɨɞɧɵɯ ɦɨɧɨɦɟɪɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 
ɬɟɪɦɨɫɬɨɣɤɢɯ ɠɢɞɤɨɫɬɟɣ. 

A highly effective and low-risk continuous organomagnesium synthesis of phenyl (methyl) chlorosilanes and phenyl 

(methyl) ethoxysilanes - the starting monomers for the preparation of a variety of heat-resistant liquids - has been developed. 

 
Ɇɟɬɢɥɮɟɧɢɥɫɢɥɨɤɫɚɧɵ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɜ ɤɚɱɟɫɬɜɟ ɬɟɪɦɨɫɬɨɣɤɢɯ ɜɟɳɟɫɬɜ ɫ ɧɢɡɤɨɣ ɭɩɪɭɝɨɫɬɶɸ ɩɚɪɨɜ ɢ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ 
ɢɧɟɪɬɧɨɫɬɶɸ [1]. 

ɂɫɯɨɞɧɵɦɢ ɦɨɧɨɦɟɪɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥɮɟɧɢɥɫɢɥɨɤɫɚɧɨɜ ɹɜɥɹɸɬɫɹ 
ɦɟɬɢɥɮɟɧɢɥɯɥɨɪɫɢɥɚɧɵ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢɡ 
ɯɥɨɪɫɢɥɚɧɨɜ ɢ ɮɟɧɢɥɦɚɝɧɢɣɯɥɨɪɢɞɚ. 

PhCl + Mg → PhMgCl 
RSiCl3 + PhMgCl → RPh3-nSiCln + MgCl2 , 

ɝɞɟ R – Me, Ph; n = 1,2. 
 
Ɉɞɧɚɤɨ ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ ɧɟ ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɩɪɨɰɟɫɫɚ, ɬɚɤ ɤɚɤ ɨɛɪɚɡɭɸɬɫɹ ɦɨɧɨɦɟɪɵ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɡɚɦɟɳɟɧɢɹ [2]. ɇɟɩɪɟɪɵɜɧɵɣ 
ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦ 
ɫɢɧɬɟɡɨɦ: ɛɨɥɶɲɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɥɢɹɬɶ ɧɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨɞɚɱɟɣ ɪɟɚɝɟɧɬɨɜ ɜ 
ɪɟɚɤɰɢɨɧɧɭɸ ɡɨɧɭ, ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ (ɦɨɥɶ*ɱ/ ɟɞ.ɨɛ.), ɫɧɢɠɟɧɢɟ 
ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ (ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɪɟɚɤɬɢɜ Ƚɪɢɧɶɹɪɚ ɩɨɱɬɢ ɫɪɚɡɭ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ 
ɯɥɨɪɫɢɥɚɧɨɦ). Ɋɚɧɟɟ ɜ ȽɇɂɂɏɌɗɈɋ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɣ ɢ ɦɚɥɨɨɩɚɫɧɵɣ 
ɧɟɩɪɟɪɵɜɧɵɣ ɫɢɧɬɟɡ ɪɚɡɥɢɱɧɵɯ ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ [3]. ȼ ɫɜɹɡɢ ɫ ɩɨɬɪɟɛɧɨɫɬɶɸ ɜ 
ɦɧɨɝɨɬɨɧɧɚɠɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɟɬɢɥɮɟɧɢɥɫɢɥɨɤɫɚɧɨɜ, ɧɟɩɪɟɪɵɜɧɵɣ ɦɟɬɨɞ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ 
ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ. 

ɂɫɩɨɥɶɡɭɹ ɮɟɧɢɥɢɪɨɜɚɧɢɟ RSiCl3 ɪɟɚɤɬɢɜɨɦ Ƚɪɢɧɶɹɪɚ (PhMgCl), ɧɚɦɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ 
ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɞɢɮɟɧɢɥ-, ɦɟɬɢɥɮɟɧɢɥ-, ɦɟɬɢɥɞɢɮɟɧɢɥ- ɢ ɬɪɢɮɟɧɢɥɯɥɨɪɫɢɥɚɧɨɜ. 
Ɋɚɛɨɬɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ.1. ɂɡɦɟɧɹɹ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɢ 
ɫɨɨɬɧɨɲɟɧɢɟ ɪɟɚɝɟɧɬɨɜ, ɭɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɢ ɭɞɟɥɶɧɭɸ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ (ɩɪɢɦɟɪɧɨ ɜ 3 ɪɚɡɚ). ɂɡ ɮɟɧɢɥɯɥɨɪɫɢɥɚɧɨɜ ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɟɧɢɥɷɬɨɤɫɢɫɢɥɚɧɵ. 

Ɍɟ ɠɟ ɮɟɧɢɥɷɬɨɤɫɢɫɢɥɚɧɵ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɪɟɚɤɰɢɟɣ PhMgCl (ɩɨɥɭɱɟɧ ɧɟɩɪɟɪɵɜɧɵɦ 
ɦɟɬɨɞɨɦ ɧɚ ɬɨɣ ɠɟ ɭɫɬɚɜɧɨɜɤɟ) ɫ MeSi(OEt)3 ɢɥɢ ɫ Si(OEt)4. 

 
PhMgCl +MeSi(OEt)3 → MePhnSi(OEt)3-n 

PhMgCl +Si(OEt)4 → PhmSi(OEt)4-m, 
ɝɞɟ n=1,2, ɚ m=1-3. 
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Ɋɢɫ.1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ 

1ɚ,ɛ,ɜ – ɪɚɫɯɨɞɧɵɟ ɟɦɤɨɫɬɢ: 2ɚ,ɛ – ɧɚɫɨɫɵ; 3 – ɪɟɚɤɬɨɪ; 4 – ɚ,ɛ – ɯɨɥɨɞɢɥɶɧɢɤɢ; 5 – ɫɛɨɪɧɢɤ-ɪɟɚɤɬɨɪ. 
 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɮɟɧɢɥɚɥɤɨɤɫɢɫɢɥɚɧɨɜ ɦɟɬɨɞɨɦ ɭɩɪɚɜɥɹɟɦɨɣ ɚɰɢɞɨɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ 

ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɨɥɢɝɨ(ɦɟɬɢɥ)ɮɟɧɢɥɫɢɥɨɤɫɚɧɵ [4]. Ɉɛɪɚɡɰɵ 
ɨɥɢɝɨ(ɦɟɬɢɥ)ɮɟɧɢɥɫɢɥɨɤɫɚɧɨɜ ɫɨɨɬɜɟɬɫɬɜɚɥɢ ɧɨɪɦɚɦ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. ɏɚɧɚɧɚɲɜɢɥɢ Ʌ.Ɇ. ɏɢɦɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɷɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɧɨɦɟɪɨɜ ɢ ɩɨɥɢɦɟɪɨɜ. Ɇ.: ɏɢɦɢɹ. 1998. 
528ɫ. 

2. ɒɟɥɭɞɹɤɨɜ ȼ.Ⱦ., ɋɨɤɨɥɨɜ ɇ.Ɇ., ɀɭɧɶ ȼ.ɂ., ɀɚɪɤɨɜɚ ɇ.Ɇ. ɢ ɞɪ. ɉɨɥɭɱɟɧɢɟ ɦɟɬɢɥɞɢɮɟɧɢɥɯɥɨɪɫɢɥɚɧɚ. // ɏɢɦ. 
ɉɪɨɦ., 1983, № 6, ɫ. 332-334. 

3. Ƚɪɚɱɟɜ Ⱥ.Ⱥ., Ʉɥɨɱɤɨɜ Ⱥ.Ɉ., ɒɢɪɹɟɜ ȼ.ɂ. ɇɟɩɪɟɪɵɜɧɵɣ ɫɢɧɬɟɡ ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. //ɀɉɏ. 2012. 
ɬ.85, № 4, ɫ. 613-622.  

4. ɂɜɚɧɨɜ Ⱥ.Ƚ. ɍɩɪɚɜɥɹɟɦɚɹ ɚɰɢɞɨɝɢɞɪɨɥɢɬɢɱɟɫɤɚɹ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɹ ɚɥɤɨɤɫɢ(ɨɪɝɚɧɨ)ɫɢɥɚɧɨɜ ɢ ɫɢɥɨɤɫɚɧɨɜ. 
Ⱥɜɬɨɪɟɮɟɪɚɬ ɤɚɧɞ. ɞɢɫɫ., Ɇ., 2013, 25 ɫ. 
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ɍȾɄ 546.77:546.151:691.175: 535.37 

ȼɕɋɈɄɈɅɘɆɂɇȿɋɐȿɇɌɇɕȿ ɆȺɌȿɊɂȺɅɕ ɇȺ ɈɋɇɈȼȿ 
ɉɈɅɂɆȿɌɂɅɆȿɌȺɄɊɂɅȺɌȺ ɂ ɄɅȺɋɌȿɊɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɆɈɅɂȻȾȿɇȺ 
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɦɚɬɪɢɰɵ 
ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ (ɉɆɆȺ) ɢ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɝɚɥɨɝɟɧɢɞɧɵɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɦɨɥɢɛɞɟɧɚ [{Mo6X8}L6] 

(ɝɞɟ X – Cl, Br ɢɥɢ I ɢ L – ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɭɥɶɮɨɧɚɬɧɵɟ ɥɢɝɚɧɞɵ: ɩɚɪɚ-ɬɨɥɭɢɥɫɭɥɶɮɨɧɚɬ (OTs–) ɢ ɛɟɧɡɨɫɭɥɶɮɨɧɚɬ 
(PhSO3

–)). 

The purpose of this work is to obtain highly luminescent materials based on polymethylmethacrylate (PMMA) and 

octahedral molybdenum cluster complexes [{Mo6X8}L6] (where X is Cl, Br or I and L is aromatic sulfonate ligands: p-

toluenesulfonate (OTs–) and benzenesulfonate (PhSO3
–)). 

Ɉɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɨɥɢɛɞɟɧɚ [{Mo6X8}L6] (ɝɞɟ X –ɷɬɨ ɜɧɭɬɪɟɧɧɢɟ 
ɥɢɝɚɧɞɵ Cl, Br ɢɥɢ I ɢ L – ɜɧɟɲɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢɥɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɥɢɝɚɧɞɵ) ɚɤɬɢɜɧɨ 
ɢɫɫɥɟɞɭɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ ɞɟɫɹɬɢɥɟɬɢɣ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɢɧɬɟɪɟɫɧɵɯ ɫɜɨɣɫɬɜ. ɇɚɩɪɢɦɟɪ, ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɟ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ 
ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɫɬɭɩɚɬɶ ɜ ɪɨɥɢ ɫɟɧɫɢɛɢɥɢɡɚɬɨɪɚ ɜ ɩɪɨɰɟɫɫɚɯ ɝɟɧɟɪɚɰɢɢ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɥɨɪɨɞɚ 
ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨ ɜɨɡɦɨɠɧɨɦ ɩɪɢɦɟɧɟɧɢɢ ɤɨɦɩɥɟɤɫɨɜ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɚɧɬɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɩɨɥɶɡɭɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ, ɬɚɤɢɟ ɤɚɤ ɩɨɥɢɫɬɢɪɨɥ, ɩɨɥɢɭɪɟɬɚɧ, ɮɬɨɪɨɩɥɚɫɬ, 
ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬ ɢ ɬ.ɞ. ɛɥɚɝɨɞɚɪɹ ɢɯ ɨɩɬɢɱɟɫɤɨɣ ɩɪɨɡɪɚɱɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɣ ɰɟɧɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɚɬɪɢɰɚ ɩɪɟɤɪɚɫɧɨ ɡɚɳɢɳɚɟɬ ɞɨɩɚɧɬ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ʌɸɦɢɧɟɫɰɟɧɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɯɨɞɹɬ ɪɹɞ 
ɩɪɢɦɟɧɟɧɢɣ ɜ ɬɚɤɢɯ ɨɛɥɚɫɬɹɯ, ɤɚɤ ɥɚɡɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɫɜɟɬɨɜɨɞɵ, ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɨɥɧɟɱɧɵɟ 
ɤɨɧɰɟɧɬɪɚɬɨɪɵ ɢ ɞɪ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɤɥɸɱɟɧɢɟ ɤɨɦɩɥɟɤɫɨɜ ɜ ɩɨɥɢɦɟɪɧɭɸ ɦɚɬɪɢɰɭ ɫ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɢɧɬɟɪɟɫɧɨɣ ɡɚɞɚɱɟɣ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ 
ɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɛɵɥ ɜɵɛɪɚɧ ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬ (ɉɆɆȺ). 

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɜ ɥɢɬɟɪɚɬɭɪɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɥɢɝɚɧɞɨɜ 
ɨɫɬɚɬɤɨɜ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ ɤɥɚɫɬɟɪɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ ɦɨɥɢɛɞɟɧɚ [1], ɩɨɷɬɨɦɭ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥ ɩɨɥɭɱɟɧ ɪɹɞ ɤɨɦɩɥɟɤɫɨɜ ɫ ɫɢɥɶɧɵɦɢ 
ɚɧɢɨɧɚɦɢ ɫɭɥɶɮɨɤɢɫɥɨɬ ɫɨɫɬɚɜɚ (Bu4N)2[{Mo6X8}L6], ɝɞɟ X = Cl, Br ɢɥɢ I; L = ɩɚɪɚ-
ɬɨɥɭɢɥɫɭɥɶɮɨɧɚɬ (OTs–) ɢ ɛɟɧɡɨɫɭɥɶɮɨɧɚɬ (PhSO3

–). (Ɋɢɫɭɧɨɤ 1) 

 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɚɧɢɨɧɨɜ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ [{Mo6X8}(OTs)6]2– (ɫɥɟɜɚ)  

ɢ [{Mo6X8}(PhSO3)6]2– (ɫɩɪɚɜɚ) 

ɂɡɭɱɟɧɢɟ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɜɨɣɫɬɜ ɤɨɦɩɥɟɤɫɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɦɢ 
ɮɨɬɨɮɢɡɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɛɥɚɞɚɟɬ ɤɨɦɩɥɟɤɫ (Bu4N)2[{Mo6I8}(OTs)6]: ɤɜɚɧɬɨɜɵɣ 
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ɜɵɯɨɞ (Φɷɦ) – 65%, ɜɪɟɦɹ ɠɢɡɧɢ ɥɸɦɢɧɟɫɰɟɧɰɢɢ – 305 ɦɤɫ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɵɣ ɤɨɦɩɥɟɤɫ 
ɨɤɚɡɚɥɫɹ ɧɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɤɚɧɞɢɞɚɬɨɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɜɤɥɸɱɟɧɢɹ ɜ ɩɨɥɢɦɟɪɧɭɸ 
ɦɚɬɪɢɰɭ. 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɪɚɛɨɬɵ ɫɬɚɥɨ ɩɨɥɭɱɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɜɵɛɪɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ 
ɉɆɆȺ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ 
ɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ ɢ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. ɉɪɢ ɷɬɨɦ ɜ ɫɨɫɬɚɜɟ ɤɚɬɢɨɧɚ ɤɨɦɩɥɟɤɫɚ ɩɪɢɫɭɬɫɬɜɭɟɬ 
ɫɩɨɫɨɛɧɚɹ ɤ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɋ=ɋ ɫɜɹɡɶ, ɧɚɥɢɱɢɟ ɤɨɬɨɪɨɣ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɤɨɦɩɥɟɤɫɚ ɜ ɦɨɧɨɦɟɪɟ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥ ɩɨɥɭɱɟɧ ɤɥɚɫɬɟɪɧɵɣ ɤɨɦɩɥɟɤɫ ɫɨɫɬɚɜɚ 
(dMDAEMA)2[{Mo6I8}(OTs)6], ɝɞɟ dMDAEMA = [2-(ɦɟɬɚɤɪɢɥɨɢɥɨɤɫɢ)ɷɬɢɥ]ɞɢɦɟɬɢɥ-
ɞɨɞɟɰɢɥɚɦɦɨɧɢɣ. ɇɚɥɢɱɢɟ ɤɚɬɢɨɧɚ ɜ ɤɨɦɩɥɟɤɫɟ ɛɵɥɨ ɞɨɤɚɡɚɧɨ ɦɟɬɨɞɨɦ 1H əɆɊ. ɉɨɥɭɱɟɧɧɵɣ 
ɤɨɦɩɥɟɤɫ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɦɨɧɨɦɟɪɟ, ɨɞɧɚɤɨ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɬɢɝɧɭɬɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɫɬɚɜɢɥɚ 4 ɦɝ/ɦɥ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɛɵɥɨ ɜɵɛɪɚɧɨ ɞɜɚ ɦɟɬɨɞɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɚ 
ɢɦɟɧɧɨ: ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɱɢɫɬɨɦ ɦɨɧɨɦɟɪɟ ɢ ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ 
ɯɥɨɪɛɟɧɡɨɥɚ. ɉɪɨɜɟɞɟɧɢɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ ɯɥɨɪɛɟɧɡɨɥɚ ɩɨɡɜɨɥɢɥɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɜɟɥɢɱɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (4 ɦɝ/ɦɥ ɞɥɹ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɱɢɫɬɨɦ ɦɨɧɨɦɟɪɟ 
ɢ 100 ɦɝ/ɦɥ ɞɥɹ ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ ɯɥɨɪɛɟɧɡɨɥɚ). ȼ ɤɚɱɟɫɬɜɟ 
ɢɧɢɰɢɚɬɨɪɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɚɡɨɛɢɫɢɡɨɛɭɬɢɪɨɧɢɬɪɢɥ. Ɉɛɨɢɦɢ ɦɟɬɨɞɚɦɢ ɛɵɥ 
ɩɨɥɭɱɟɧ ɪɹɞ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. ɋɨɫɬɚɜ ɜɫɟɯ 
ɦɚɬɟɪɢɚɥɨɜ ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ ɦɟɬɨɞɨɦ 1H əɆɊ. ɇɚ ɫɩɟɤɬɪɚɯ ɜɫɟɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬɫɭɬɫɬɜɭɸɬ ɫɢɝɧɚɥɵ, 
ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɜɹɡɢ ɋ=ɋ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɩɨɥɧɨɦ ɩɪɨɬɟɤɚɧɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ 
ɜɤɥɸɱɟɧɢɢ ɤɚɬɢɨɧɚ ɜ ɰɟɩɶ ɩɨɥɢɦɟɪɚ. Ɍɚɤɠɟ ɜɫɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɦɟɬɨɞɨɦ ɝɟɥɶ-
ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɤɥɸɱɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɜ ɩɨɥɢɦɟɪ ɜɵɡɵɜɚɟɬ 
ɭɦɟɪɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɟɝɨ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫɨ ɫɩɨɫɨɛɧɨɫɬɶɸ 
ɤɨɦɩɥɟɤɫɚ ɜɵɫɬɭɩɚɬɶ ɜ ɪɨɥɢ ɢɧɝɢɛɢɬɨɪɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ. ɂɡɭɱɟɧɢɟ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɜɨɣɫɬɜ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɤɨɦɩɥɟɤɫɚ ɜ ɦɚɬɪɢɰɭ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ ɧɟɫɤɨɥɶɤɨ 
ɭɦɟɧɶɲɚɸɬɫɹ, ɧɨ ɜɫɟ ɠɟ ɨɫɬɚɸɬɫɹ ɜɟɫɶɦɚ ɜɵɫɨɤɢɦɢ (Φɷɦ ~ 20% ɞɥɹ ɨɛɨɢɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ) ɜ 
ɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ. Ɇɟɬɨɞɨɦ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɜɨɥɨɤɧɚ. Ɇɨɪɮɨɥɨɝɢɹ ɜɨɥɨɤɨɧ ɛɵɥɚ ɢɡɭɱɟɧɚ ɫ ɩɨɦɨɳɶɸ ɋɗɆ ɢ ɤɨɧɮɨɤɚɥɶɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 
(Ɋɢɫɭɧɨɤ 2).  

 
Ɋɢɫ.2. Ɏɨɬɨɝɪɚɮɢɢ ɜɨɥɨɤɨɧ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɤɨɧɮɨɤɚɥɶɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ №17-03-00140 
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. M. A. Mikhailov, K. A. Brylev, P. A. Abramov, E. Sakuda, S. Akagi, A. Ito, N Kitamura, M. N. Sokolov, Inorg. 

Chem., 2016, 55, 8437. 
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ɍȾɄ 691.175.5/.8: 546.77 

 

ɅɘɆɂɇȿɋɐȿɇɌɇɕȿ ɆȺɌȿɊɂȺɅɕ ɇȺ ɈɋɇɈȼȿ ɈɊȽȺɇɂɑȿɋɄɂɏ ɆȺɌɊɂɐ ɂ 
ɄɅȺɋɌȿɊɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɆɈɅɂȻȾȿɇȺ 

 
ɇ.Ⱥ. ȼɨɪɨɬɧɢɤɨɜɚ1, Ⱥ.Ⱥ. Ɋɹɞɭɧ1, Ⱥ.ɘ. Ⱥɥɟɤɫɟɟɜ2, Ɇ.Ⱥ. ɒɟɫɬɨɩɚɥɨɜ1,2 
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Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630117, ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. Ɍɢɦɚɤɨɜɚ, 2. 

e-mail: vorotnikova@niic.nsc.ru 

 
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɥɭɱɟɧɢɟ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɨɣ ɦɨɪɮɨɥɨɝɢɢ, 

ɫɨɞɟɪɠɚɳɢɯ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɝɚɥɨɝɟɧɢɞɧɵɟ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɨɥɢɛɞɟɧɚ ɨɛɳɟɝɨ ɫɨɫɬɚɜɚ [{Mo6X8}L6] (X = Cl, 

Br ɢɥɢ I, L – ɜɧɟɲɧɢɣ ɥɢɝɚɧɞ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɨɪɝɚɧɢɱɟɫɤɨɣ, ɬɚɤ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ). Ʉɚɤ ɞɥɹ 
ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɬɚɤ ɢ ɞɥɹ ɫɨɞɟɪɠɚɳɢɯ ɢɯ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɢ ɢɡɭɱɟɧɵ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɞɥɹ ɦɧɨɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɢ ɢɡɭɱɟɧɵ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

This work is aimed obtaining luminescent organic polymeric materials doped by octahedral molybdenum clusters 

[{Mo6X8}L6] (X = Cl, Br or I, L – organic or inorganic apical ligand). Luminescent properties were studied both for new 

clusters and materials. Also biological testes were carried out for materials. 

 
Ɉɤɬɚɷɞɪɢɱɟɫɤɢɟ ɝɚɥɨɝɟɧɢɞɧɵɟ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɨɥɢɛɞɟɧɚ [{Mo6X8}L6] (X = Cl, Br ɢɥɢ 

I, L – ɜɧɟɲɧɢɣ ɥɢɝɚɧɞ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɨɪɝɚɧɢɱɟɫɤɨɣ, ɬɚɤ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ) 
ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵ ɫɜɨɢɦɢ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɫ ɜɪɟɦɟɧɚɦɢ ɠɢɡɧɢ 
ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɦɢɤɪɨɫɟɤɭɧɞ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɡɜɟɫɬɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɭ ɤɨɬɨɪɵɯ ɜɧɟɲɧɢɣ ɥɢɝɚɧɞ ɩɪɟɞɫɬɚɜɥɟɧ ɨɫɬɚɬɤɚɦɢ ɤɢɫɥɨɬ. 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ, ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɤɨɬɨɪɨɣ ɧɚɩɪɚɜɥɟɧɚ ɞɚɧɧɚɹ ɪɚɛɨɬɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɥɭɱɟɧɢɸ 
ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɪɢɰ ɢ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ 
ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. ɋɟɣɱɚɫ ɞɚɧɧɚɹ ɨɛɥɚɫɬɶ ɯɢɦɢɢ ɩɟɪɟɠɢɜɚɟɬ ɪɟɧɟɫɫɚɧɫ ɜɜɢɞɭ ɨɬɤɪɵɬɢɹ 
ɲɢɪɨɱɚɣɲɟɝɨ ɫɩɟɤɬɪɚ ɩɪɢɦɟɧɟɧɢɣ ɜ ɨɛɥɚɫɬɹɯ ɦɟɞɢɰɢɧɵ, ɛɢɨɥɨɝɢɢ, ɷɥɟɤɬɪɨɧɢɤɢ, ɨɩɬɢɤɢ ɢ ɬ.ɞ. ȼ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɨɫɧɨɜɧɨɣ ɭɩɨɪ ɫɞɟɥɚɧ ɧɚ ɛɢɨ-ɦɟɞɢɰɢɧɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. 

Ʉɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɪɨɹɜɥɹɸɬ ɹɪɤɨ-ɜɵɪɚɠɟɧɧɭɸ ɤɪɚɫɧɭɸ ɮɨɫɮɨɪɟɫɰɟɧɰɢɸ ɩɪɢ 
ɮɨɬɨɜɨɡɛɭɠɞɟɧɢɢ. Ɉɞɧɚɤɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ 
ɫɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ. Ⱦɚɧɧɨɟ ɹɜɥɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ 
ɤɨɦɩɥɟɤɫ ɫɩɨɫɨɛɟɧ ɩɟɪɟɞɚɜɚɬɶ ɷɧɟɪɝɢɸ ɬɪɢɩɥɟɬɧɨɣ ɮɨɪɦɟ ɤɢɫɥɨɪɨɞɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɩɟɪɟɜɨɞɢɬɶ ɟɝɨ ɜ ɚɤɬɢɜɧɭɸ ɫɢɧɝɥɟɬɧɭɸ ɮɨɪɦɭ. Ɉɞɧɚɤɨ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɨɥɢɛɞɟɧɚ 
ɡɚɱɚɫɬɭɸ ɧɟɪɚɫɬɜɨɪɢɦɵ ɥɢɛɨ ɧɟɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɧɵɯ ɫɪɟɞɚɯ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɨɡɧɢɤɥɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɦɟɳɚɬɶ ɤɨɦɩɥɟɤɫɵ ɜ ɦɚɬɪɢɰɵ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɨɛɨɫɧɨɜɚɧ, ɜɨ-ɩɟɪɜɵɯ, 
ɷɤɪɚɧɢɪɨɜɚɧɢɟɦ ɤɥɚɫɬɟɪɚ ɨɬ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɜɨ-ɜɬɨɪɵɯ, ɬɟɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɩɨɥɭɱɟɧɢɹ 
ɱɚɫɬɢɰ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɭɫɬɨɣɱɢɜɵɯ ɞɢɫɩɟɪɫɢɣ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɛɵɥɢ ɩɨɦɟɳɟɧɵ ɜ ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɪɢɰɵ, 
ɬɚɤɢɟ ɤɚɤ ɩɨɥɢɫɬɢɪɨɥ, ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬ, ɩɨɥɢɦɨɥɨɱɧɚɹ ɤɢɫɥɨɬɚ ɢ ɮɬɨɪɨɩɥɚɫɬɵ. ɇɚ ɩɟɪɜɨɦ 
ɷɬɚɩɟ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɣ ɦɚɬɪɢɰɵ ɛɵɥ ɜɡɹɬ ɩɨɥɢɫɬɢɪɨɥ (PS), ɤɨɬɨɪɵɣ ɜɩɨɫɥɟɞɫɬɜɢɢ ɛɵɥ 
ɞɨɩɢɪɨɜɚɧ (ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɢ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ «one pot» ɩɪɢ ɩɨɦɨɳɢ ɪɚɞɢɤɚɥɶɧɨɣ 
ɩɨɥɢɦɟɪɢɡɚɰɢɢ) ɤɥɚɫɬɟɪɧɵɦ ɤɨɦɩɥɟɤɫɨɦ [{Mo6X8}(NO3)6]2– [1, 2]. Ɉɞɧɚɤɨ, ɞɨɥɠɧɨɝɨ ɷɮɮɟɤɬɚ ɩɨ 
ɫɨɯɪɚɧɟɧɢɸ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɢ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ 
ɝɟɧɟɪɢɪɨɜɚɬɶ ɫɢɧɝɥɟɬɧɵɣ ɤɢɫɥɨɪɨɞ ɧɟ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ. 

ȼ ɭɫɥɨɜɢɹɯ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɚɞɢɤɚɥɶɧɨɣ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫɬɢɪɨɥɚ ɫ ɦɟɬɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɨɣ 
(PS-COOH) ɢɥɢ ɫ 4-ɜɢɧɢɥɩɢɪɢɞɢɧɨɦ (PS-Py) ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
(Bu4N)2[{Mo6I8}(NO3)6] ɧɚ ɪɨɫɬ ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɤɥɚɫɬɟɪ ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ 
ɢɧɝɢɛɢɬɨɪɚ. ɉɨɥɭɱɟɧɵ ɦɚɬɟɪɢɚɥɵ {Mo6X8}@PS-COOH ɢ {Mo6X8}@PS-Py ɫɨ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ 
600 ɧɦ (Ɋɢɫɭɧɨɤ 1). ɂɡɭɱɟɧɵ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ. ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɟ ɜɥɢɹɸɬ ɧɚ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɶ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ Hep-2. 
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Ɋɢɫ. 1. ɂɡɨɛɪɚɠɟɧɢɟ ɉɗɆ ɞɥɹ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ PS-Py (A), {Mo6I8}@PS-COOH (B) ɢ 

{Mo6I8}@PS-Py (C) 
 

Ⱦɚɥɟɟ ɜ ɪɚɦɤɚɯ ɧɨɜɨɝɨ ɷɬɚɩɚ ɪɚɛɨɬɵ ɛɵɥ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɤɥɚɫɬɟɪɧɵɣ 
ɤɨɦɩɥɟɤɫ ɫɨɫɬɚɜɚ [{Mo6I8}(OOC(CF2)6CF3)6]2–, ɬɚɤɠɟ ɡɚɩɢɫɚɧɵ ɫɩɟɤɬɪɵ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɢ 
ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɤɜɚɧɬɨɜɵɯ ɜɵɯɨɞɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɤɥɚɫɬɟɪɧɵɣ ɤɨɦɩɥɟɤɫ ɯɨɪɨɲɨ 
ɪɚɫɬɜɨɪɢɦ ɜ ɫɥɨɠɧɵɯ ɷɮɢɪɚɯ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɤɢɫɥɨɪɨɞ-ɩɪɨɧɢɰɚɟɦɵɣ 
ɮɬɨɪɢɪɨɜɚɧɧɵɣ ɩɨɥɢɦɟɪ, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɬɨɣɤɨɫɬɢ ɜ 
ɭɫɥɨɜɢɹɯ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɜɢɞɟ 
ɩɥɟɧɨɤ, ɜɨɥɨɤɨɧ ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ȼɵɥɚ 
ɢɡɭɱɟɧɚ ɦɨɪɮɨɥɨɝɢɹ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɣ ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ɍɚɤɠɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɟɪɜɢɱɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɬɟɫɬɵ, ɤɨɬɨɪɵɟ 
ɩɨɤɚɡɵɜɚɸɬ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɫɢɧɝɥɟɬɧɨɣ ɮɨɪɦɵ 
ɤɢɫɥɨɪɨɞɚ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɩɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 
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Ɇɨɞɢɮɢɰɢɪɨɜɚɧ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ 
ɞɢɚɥɤɢɥɤɚɪɛɨɧɚɬɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɦɟɬɢɥɤɚɪɛɨɧɚɬɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬ ɫ ɜɵɯɨɞɨɦ ɞɨ 
65%. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ 
ɩɪɨɞɭɤɬɚ. Ɍɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬ ɹɜɥɹɟɬɫɹ ɦɨɧɨɦɟɪɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɢɨɚɛɫɨɪɛɢɪɭɟɦɵɯ ɢ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɝɨɦɨ- ɢ 
ɫɨɩɨɥɢɦɟɪɨɜ ɦɟɞɢɰɢɧɫɤɨɝɨ ɢ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

The method of obtaining trimethylene carbonate, based on the transesterification of dialkyl carbonates, has been 

modified. The use of dimethyl carbonate allows to obtain trimethylene carbonate with a yield of up to 65%. It is shown that 

optimization of the conditions for carrying out the transesterification reaction ensures the greatest yield of the product. 

Trimethylene carbonate is a monomer for the production of bioabsorbable and biodegradable homo- and copolymers of 

medical and general purpose. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɯɢɪɭɪɝɢɱɟɫɤɢɦ ɩɭɬɟɦ ɥɟɱɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɛɨɥɟɜɚɧɢɣ. ɉɪɢ ɷɬɨɦ 
ɝɥɚɜɧɵɣ ɤɪɢɬɟɪɢɣ ɥɸɛɨɣ ɨɩɟɪɚɰɢɢ – ɷɬɨ ɫɨɯɪɚɧɟɧɢɟ ɡɞɨɪɨɜɶɹ ɩɚɰɢɟɧɬɚ. Ɂɚɜɟɪɲɚɸɳɢɣ ɷɬɚɩ 
ɥɸɛɨɝɨ ɯɢɪɭɪɝɢɱɟɫɤɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ – ɡɚɲɢɜɚɧɢɟ ɪɚɧɵ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɧɢɬɟɣ. Ȼɟɡ 
ɫɚɦɨɪɚɫɫɚɫɵɜɚɸɳɢɯɫɹ ɧɢɬɟɣ ɧɟɜɨɡɦɨɠɧɵ ɨɩɟɪɚɰɢɢ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɚɯ, ɞɨ ɤɨɬɨɪɵɯ ɯɢɪɭɪɝ 
ɧɟ ɦɨɠɟɬ ɞɨɛɪɚɬɶɫɹ ɞɥɹ ɫɧɹɬɢɹ ɲɜɨɜ. Ɉɞɧɢɦ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɞɨɛɧɵɯ 
ɪɚɫɫɚɫɵɜɚɸɳɢɯɫɹ ɧɢɬɟɣ ɹɜɥɹɟɬɫɹ ɩɨɥɢɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ Ɋɨɫɫɢɢ 
ɧɢ ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬ, ɧɢ ɩɨɥɢɦɟɪ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɧɟ ɩɪɨɢɡɜɨɞɹɬɫɹ. ɉɨɬɪɟɛɧɨɫɬɶ ɜ 
ɪɚɫɫɚɫɵɜɚɟɦɵɯ ɯɢɪɭɪɝɢɱɟɫɤɢɯ ɲɨɜɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɧɚ ɨɫɧɨɜɟ ɟɝɨ ɫɨɩɨɥɢɦɟɪɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɦɚɬɟɪɢɚɥɚɦɢ ɢɦɩɨɪɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɋɚɧɟɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɫɢɧɬɟɡɚ 
ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢɡ ɞɨɫɬɭɩɧɨɝɨ ɫɵɪɶɹ 
ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɫɝɟɧɚ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɬɪɢɦɟɬɢɥɟɧɝɥɢɤɨɥɟɦ 
ɞɢɚɥɤɢɥɤɚɪɛɨɧɚɬɨɜ [1]. Ⱦɢɦɟɬɢɥɤɚɪɛɨɧɚɬ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɞɢɚɥɤɢɥɤɚɪɛɨɧɚɬɨɜ, ɹɜɥɹɟɬɫɹ 
ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ, ɩɪɨɢɡɜɨɞɢɦɵɦ ɧɟ ɢɡ ɤɚɪɛɨɧɚɬ-ɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ [2]. 
ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɩɪɟɩɚɪɚɬɢɜɧɨɣ ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬɚ ɧɚ ɨɫɧɨɜɟ 
ɪɟɚɤɰɢɢ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɞɢɦɟɬɢɥɤɚɪɛɨɧɚɬɚ. 

Ɋɟɚɤɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɬɪɢɹ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɋɯɟɦɚ 1). 

 
ɋɯɟɦɚ 1. ɉɨɥɭɱɟɧɢɟ ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬɚ  

Ⱦɥɹ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ, ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ ɩɨɞɨɛɪɚɧɵ ɧɚɢɥɭɱɲɢɟ ɜɪɟɦɟɧɧɵɟ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɭɫɥɨɜɢɹ. ȼɵɯɨɞ ɩɪɨɞɭɤɬɚ ɫɨɫɬɚɜɢɥ 61 %. ɉɨɥɭɱɟɧɧɵɣ ɩɪɨɞɭɤɬ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ 
ɞɚɧɧɵɦɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, əɆɊ 1ɇ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ.  

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɚɥɤɢɥɤɚɪɛɨɧɚɬɨɜ ɞɥɹ ɫɢɧɬɟɡɚ 
ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬɚ [1], ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɚɦɵɦ ɷɮɮɟɤɬɢɜɧɵɦ ɤɚɪɛɨɧɚɬɨɦ ɹɜɥɹɟɬɫɹ 
ɞɢɛɭɬɢɥɤɚɪɛɨɧɚɬ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɟɝɨ ɤɨɦɦɟɪɱɟɫɤɚɹ ɞɨɫɬɭɩɧɨɫɬɶ ɫɢɥɶɧɨ ɨɝɪɚɧɢɱɟɧɚ, ɩɨɷɬɨɦɭ, 
ɧɟɫɦɨɬɪɹ ɧɚ ɦɟɧɶɲɢɣ ɜɵɯɨɞ ɬɪɢɦɟɬɢɥɟɧɤɚɪɛɨɧɚɬɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɢɦɟɬɢɥɤɚɪɛɨɧɚɬɚ, ɜ 
ɰɟɥɨɦ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɞɟɥɚɟɬ ɞɚɧɧɵɣ ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɧɟɟ. 
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Ɋɚɡɪɚɛɨɬɚɧɵ ɩɪɟɩɚɪɚɬɢɜɧɵɟ ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɪɹɞɚ ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɚɥɤɚɧɨɜ ɩɭɬɟɦ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 2/-

ɝɢɞɪɨɤɫɢɚɰɟɬɨɮɟɧɨɧɚ ɞɢɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɦɢ. ɋɢɧɬɟɡɢɪɨɜɚɧɵ 1,2-ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɷɬɚɧ, 1,3-ɛɢɫ(2-

ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɩɪɨɩɚɧ, 1,4-ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɛɭɬɚɧ ɢ 1,5-ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɩɟɧɬɚɧ ɢ ɨɫɭɳɟɫɬɜɥɟɧɵ 
ɩɨɩɵɬɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɜ ɤɨɧɞɟɧɫɚɰɢɢ Ʉɧɟɜɟɧɚɝɟɥɹ. Ⱦɥɹ ɪɹɞɚ ɩɨɥɭɱɟɧɧɵɯ ɬɟɬɪɚɤɟɬɨɧɨɜ ɫɢɧɬɟɡɢɪɨɜɚɧɵ 
ɤɨɦɩɥɟɤɫɵ Cu(II), Co(II), Fe(III) ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɢɯ ɫɨɫɬɚɜ.  

Methods have been developed for the preparation of a number of bis (2-acetylphenoxy) alkanes by alkylation of the 2 / -

hydroxyacetophenone dihalogen derivatives. 1,2-bis (2-acetylphenoxy) ethane, 1,3-bis (2-acetylphenoxy) propane, 1,4-bis (2-

acetylphenoxy) butane and 1,5-bis (2-acetylphenoxy) pentane were synthesized and Attempts to use them in Knoevenagel 

condensation. Complex tetraketones have synthesized the complexes Cu (II), Co (II), Fe (III) and characterize their 

composition. 

 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɬɚɤɢɯ ɩɪɨɝɪɟɫɫɢɜɧɵɯ 

ɨɛɥɚɫɬɹɯ ɤɚɤ ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɧɵɣ ɤɚɬɚɥɢɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ 
ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɷɥɟɦɟɧɬɨɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ ɢ ɧɟɥɢɧɟɣɧɨɣ ɨɩɬɢɤɢ, ɬɪɟɛɭɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɥɨɠɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 
ɥɢɝɚɧɞɵ ɫ ɞɟɧɬɚɬɧɨɫɬɶɸ ɛɨɥɶɲɟ ɞɜɭɯ. Ɍɨɥɶɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɡɞɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɥɢɯɟɥɚɬɢɪɨɜɚɧɢɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɨɹɜɥɟɧɢɟ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɭɱɟɧɢɟ ɫɬɪɨɟɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɡɚɤɨɧɨɦɟɪɧɨ ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɫɬɪɨɟɧɢɹ ɥɢɝɚɧɞɨɜ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜɵɜɨɞɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɚɤ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɬɚɤ ɢ ɩɪɢɤɥɚɞɧɨɟ ɡɧɚɱɟɧɢɟ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ [1]. 

Ɋɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɧɨɜɵɯ ɯɟɥɚɬɢɪɭɸɳɢɯ ɥɢɝɚɧɞɨɜ – ɩɪɨɢɡɜɨɞɧɵɯ 2/-
ɝɢɞɪɨɤɫɢɚɰɟɬɨɮɟɧɨɧɚ, ɫɩɨɫɨɛɧɵɯ ɮɨɪɦɢɪɨɜɚɬɶ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ (ɋɯɟɦɚ1). 

 

 
 

ɋɯɟɦɚ 1. Ɉɛɳɚɹ ɮɨɪɦɭɥɚ ɧɨɜɨɝɨ ɬɢɩɚ ɯɟɥɚɬɢɪɭɸɳɢɯ ɥɢɝɚɧɞɨɜ, ɮɨɪɦɢɪɭɟɦɵɯ  
ɧɚ ɨɫɧɨɜɟ 2/-ɝɢɞɪɨɤɫɢɚɰɟɬɨɮɟɧɨɧɚ  

 

Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ 2-ɝɢɞɪɨɤɫɢɚɰɟɬɨɮɟɧɨɧɚ ɨɫɭɳɟɫɬɜɥɹɥɢ 1,2-ɞɢɛɪɨɦɷɬɚɧɨɦ, 1,3-
ɞɢɛɪɨɦɩɪɨɩɚɧɨɦ, 1,4-ɞɢɯɥɨɪɛɭɬɚɧɨɦ ɢ 1,5-ɞɢɛɪɨɦɩɟɧɬɚɧɨɦ ɜ ȾɆɎȺ ɜ ɩɪɢɫɭɬɫɬɜɢɢ K2CO3 [2]. 
ɉɪɨɜɟɞɟɧɚ ɨɩɬɢɦɢɡɚɰɢɹ ɦɟɬɨɞɢɤ ɫɢɧɬɟɡɚ, ɩɨɡɜɨɥɢɜɲɚɹ ɩɨɜɵɫɢɬɶ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɫ 20-30% ɞɨ 
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80-90%. ɉɨɥɭɱɟɧɧɵɟ ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɚɥɤɚɧɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɞɚɧɧɵɦɢ ɷɥɟɦɟɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚ, ɂɄ- ɢ əɆɊ 1ɇ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

Ⱦɚɥɶɧɟɣɲɭɸ ɤɨɧɞɟɧɫɚɰɢɸ ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɚɥɤɚɧɨɜ ɫ ɪɹɞɨɦ ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ 
ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɨɫɧɨɜɚɧɢɣ ɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ɉɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ 
ɷɬɢɥɚɰɟɬɚɬɚ ɫ 1,2-ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɷɬɚɧɨɦ, 1,3-ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɩɪɨɩɚɧɨɦ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɢɞɚ ɥɢɬɢɹ ɢ ɧɚɬɪɢɹ, ɷɬɢɥɚɬɚ ɧɚɬɪɢɹ, ɬɟɬɪɚɛɭɬɨɤɫɢɬɢɬɚɧɚ ɜ 1,4-ɞɢɨɤɫɚɧɟ 
ɠɟɥɚɟɦɵɯ ɩɪɨɞɭɤɬɨɜ ɤɨɧɞɟɧɫɚɰɢɢ ɧɟ ɨɛɟɫɩɟɱɢɥ. Ɂɚɦɟɧɚ 1,4-ɞɢɨɤɫɚɧɚ ɧɚ ɦɨɧɨɝɥɢɦ ɩɨɡɜɨɥɢɥɚ 
ɩɨɥɭɱɢɬɶ ɩɪɨɞɭɤɬ ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɫɥɭɱɚɟ ɛɢɫ(2-ɚɰɟɬɢɥɮɟɧɨɤɫɢ)ɚɥɤɚɧɨɜ ɢ ɬɪɢɮɬɨɪɷɬɢɥɚɰɟɬɚɬɚ. 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨɞɨɛɪɚɧ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɞɥɹ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜɵɯɨɞ 
ɩɪɨɞɭɤɬɨɜ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ. ɉɨɥɭɱɟɧɧɵɟ ɬɪɢɮɬɨɪɦɟɬɢɥ-ɫɨɞɟɪɠɚɳɢɟ ɬɟɬɪɚɤɟɬɨɧɵ 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɞɚɧɧɵɦɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, ɂɄ- ɢ əɆɊ 1ɇ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1 ɉɟɫɬɨɜ Ⱥ. ȼ., ɋɥɟɩɭɯɢɧ ɉ. Ⱥ., ɑɚɪɭɲɢɧ ȼ. ɇ. ɏɟɥɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɟɞɢ ɢ ɧɢɤɟɥɹ ɫ ɩɨɥɢɟɧɬɚɬɧɵɦɢ N,O-
ɥɢɝɚɧɞɚɦɢ: ɫɬɪɨɟɧɢɟ ɢ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɧɨɝɨɹɞɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ // ɍɫɩɟɯɢ ɯɢɦɢɢ, Ɍ. 84 (2015). ɋ. 310-333. 

2 Mayekar N.V, Chattopadhyay S., Nayak S.K. An efficient synthetic strategy for geometrically pure symmetrical and 
unsymmetrical hydroxystilbenes via McMurry coupling // Synthesis V. 13 (2003). P. 2041-2046. 
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ɍȾɄ 547.525 

 

ɋɂɇɌȿɁ 1,2,4,5-ɌȿɌɊȺɄɂɋ(ɎȿɇɂɅɌɂɈ)ȻȿɇɁɈɅɈȼ ɂɁ  
1,3-ȾɂɏɅɈɊ-4,6-ȾɂɇɂɌɊɈȻȿɇɁɈɅȺ 

 
ɉ.Ⱦ. Ƚɨɩɚɧɸɤ, Ɋ.ɋ. Ȼɟɝɭɧɨɜ, Ⱥ.Ⱥ. ɋɨɤɨɥɨɜ  

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«əɪɨɫɥɚɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɉ.Ƚ. Ⱦɟɦɢɞɨɜɚ»  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 150000, ɝ. əɪɨɫɥɚɜɥɶ, ɭɥ. ɋɨɜɟɬɫɤɚɹ, ɞ. 14. 

e-mail: polina-gopanyuk@mail.ru 

 
Ɉɫɭɳɟɫɬɜɥёɧ ɫɢɧɬɟɡ 1,2,4,5-ɬɟɬɪɚɤɢɫ(ɮɟɧɢɥɬɢɨ)ɛɟɧɡɨɥɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1,3-ɞɢɯɥɨɪ-4,6-ɞɢɧɢɬɪɨɛɟɧɡɨɥɚ 

ɫ ɬɢɨɮɟɧɨɥɨɦ ɢ 4-ɯɥɨɪɬɢɨɮɟɧɨɥɨɦ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɩɪɨɰɟɫɫ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ 
ɡɚɦɟɳɟɧɢɹ. ɋɬɪɭɤɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɢɡɭɱɟɧɚ ɫ ɩɨɦɨɳɶɸ əɆɊ-, ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 

Synthesis of 1,2,4,5-tetrakis(phenylthio)benzenes by the reaction of 1,3-dichloro-4,6-dinitrobenzene with thiophenol and 

4-chlorothiophenol was carried out. The influence of the key factors on the process of nucleophilic substitution was 

investigated. The structure of the products was studied by NMR, IR spectroscopy and mass spectrometry. 

 
n-Ɋɚɡɜɟɬɜɥɟɧɧɵɟ ɦɨɥɟɤɭɥɵ (ɩɪɢ n>3) ɮɨɪɦɢɪɭɸɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɜɤɥɸɱɟɧɢɹ ɜ 

ɮɨɪɦɟ ɤɚɧɚɥɨɜ ɢɥɢ ɡɚɤɪɵɬɵɯ ɤɥɟɬɨɤ - ɤɥɚɬɪɚɬɨɜ [1]. ɉɪɢɦɟɪɚɦɢ ɞɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɹɜɥɹɸɬɫɹ 
ɝɟɤɫɚ- [2] ɢ ɬɟɬɪɚɡɚɦɟɳɟɧɧɵɟ ɛɟɧɡɨɥɵ [3]. ȼ ɫɥɭɱɚɟ ɩɨɫɥɟɞɧɢɯ ɛɨɥɶɲɨɣ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶɸ 
ɨɛɥɚɞɚɸɬ 1,2,4,5-ɬɟɬɪɚɤɢɫ(ɮɟɧɢɥɫɭɥɶɮɨɧɢɥ)ɛɟɧɡɨɥɵ, ɫɩɨɫɨɛɧɵɟ ɤ ɷɮɮɟɤɬɢɜɧɨɦɭ ɨɛɪɚɡɨɜɚɧɢɸ 
ɤɨɦɩɥɟɤɫɨɜ ɬɢɩɚ «ɝɨɫɬɶ-ɯɨɡɹɢɧ» ɫ ɩɨɥɹɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ-ɝɨɫɬɹɦɢ [3], ɱɬɨ ɦɨɠɟɬ ɧɚɣɬɢ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɚɯ ɪɚɡɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɪɚɰɟɦɚɬɨɜ), ɚ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɫɬɟɪɟɨɫɟɥɟɤɬɢɜɧɵɯ ɪɟɚɤɰɢɣ, ɯɪɚɧɟɧɢɹ ɧɟɫɬɨɣɤɢɯ ɦɨɥɟɤɭɥ ɢ ɪɚɞɢɤɚɥɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɩɨɞɨɛɧɵɯ ɬɟɬɪɚɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɛɟɧɡɨɥɚ 
ɦɚɥɨɷɮɮɟɤɬɢɜɧɵ ɢ ɬɪɭɞɨɟɦɤɢ [4]. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɧɚɦɢ ɛɵɥ ɩɪɟɞɥɨɠɟɧ 
ɧɨɜɵɣ ɞɜɭɯɫɬɚɞɢɣɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɫɬɪɭɤɬɭɪ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1,3-ɞɢɯɥɨɪ-4,6-
ɞɢɧɢɬɪɨɛɟɧɡɨɥɚ (1) ɫ ɬɢɨɮɟɧɨɥɨɦ (2) ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɹɬɢɹɞɟɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ – 1,2,4,5-
ɬɟɬɪɚɤɢɫ(ɮɟɧɢɥɬɢɨ)ɛɟɧɡɨɥɚ (3). ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ 3 ɞɨ ɰɟɥɟɜɨɝɨ 
ɬɟɬɪɚɫɭɥɶɮɨɧɚ. 

ȼɵɛɨɪ ɫɨɟɞɢɧɟɧɢɹ 1 ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ 4 ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɭɯɨɞɹɳɢɯ 
ɝɪɭɩɩ: ɞɜɭɯ ɚɬɨɦɨɜ ɯɥɨɪɚ ɢ ɞɜɭɯ ɧɢɬɪɨɝɪɭɩɩ, ɫɩɨɫɨɛɧɵɯ ɡɚɦɟɳɚɬɶɫɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɭɤɥɟɨɮɢɥɚ. 

 
 

ɋɯɟɦɚ 1 
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Ȼɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɪɟɚɝɟɧɬɚ, ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ 
ɪɟɚɤɰɢɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ. Ȼɵɥ ɭɫɬɚɧɨɜɥɟɧ ɢɧɬɟɪɟɫɧɵɣ 
ɮɚɤɬ ɡɚɦɟɳɟɧɢɹ ɜ ɫɨɟɞɢɧɟɧɢɢ 1 ɩɨɦɢɦɨ ɚɬɨɦɨɜ ɯɥɨɪɚ, ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɞɜɭɦɹ 
ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ, ɧɢɬɪɨɝɪɭɩɩ (ɫɯɟɦɚ 1).  

ɋɬɪɨɟɧɢɟ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ - 1,2,4,5-ɬɟɬɪɚɤɢɫ(ɮɟɧɢɥɬɢɨ)ɛɟɧɡɨɥɚ (3) ɛɵɥɨ ɞɨɤɚɡɚɧɨ ɫ 
ɩɨɦɨɳɶɸ 1ɇ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ (ɪɢɫ. 1), ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

 
Ɋɢɫ. 1. 1ɇ əɆɊ-ɫɩɟɤɬɪ 1,2,4,5-ɬɟɬɪɚɤɢɫ(ɮɟɧɢɥɬɢɨ)ɛɟɧɡɨɥɚ (Bruker DRX400, 400 ɆȽɰ, ȾɆɋɈ-d6, 303 K) 

 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɚɤɠɟ ɞɥɹ ɫɢɧɬɟɡɚ 1,2,4,5-ɬɟɬɪɚɤɢɫ((4-

ɯɥɨɪɮɟɧɢɥ)ɬɢɨ)ɛɟɧɡɨɥɚ (5) ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1 ɫ 4-ɯɥɨɪɬɢɨɮɟɧɨɥɨɦ (4) (ɫɯɟɦɚ 2).  
 

 
ɋɯɟɦɚ 2 

 
ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɹɬɢɹɞɟɪɧɵɟ ɜɟɳɟɫɬɜɚ 3 ɢ 5 ɛɵɥɢ ɨɤɢɫɥɟɧɵ ɜ ɫɢɫɬɟɦɟ ɭɤɫɭɫɧɚɹ 

ɤɢɫɥɨɬɚ/H2O2 ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 1,2,4,5-ɬɟɬɪɚɤɢɫ(ɮɟɧɢɥɫɭɥɶɮɨɧɢɥ)ɛɟɧɡɨɥɨɜ. ɋɨɟɞɢɧɟɧɢɹ 3 ɢ 5 
ɦɨɝɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɬɚɤɠɟ ɜ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɹɯ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɥɭɱɚɬɶ ɹɞɪɚ ɞɥɹ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɞɟɧɞɪɢɦɟɪɨɜ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. MacNicol D. D., Downing, G. A. Comprehensive Supramolecular Chemistry, vol. 6 (ed. MacNicol D. D., 
Toda F., Bishop R.). Oxford: Pergamon, 1996, ch. 14. 

2. Inclusion Compounds. ed. Atwood J. L., Davies J. E. D., MacNicol D. D. Oxford: Academic Press, 1984, 
vol. 2, ch. 5. 

3. Farrugia L.J., Gall J.H., MacNicol D.D. 1,2,4,5-Tetrakis(phenylsulfonyl)benzene: a novel quadruped host 
with D2 symmetry having ordered sulfolane and cycloheptanone guests // ChemComm. – 2012. – V. 48. – P. 
10600-10602. 

4. Witulski B., Senft S., Thum A. Palladium-catalyzed multiple aryl aminations of polybromobenzenes // 
Synlett. – 1998. – V.1998, №5. – P. 504-506. 
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ɍȾɄ. 547.1'186;539.26;548.312.5 

 
ɉɋȿȼȾɈȽȺɅɈȽȿɇɂȾɕ ɂ ɈɄɋɂȾ ɌɊɂɋ(2,6-ȾɂɆȿɌɈɄɋɂɎȿɇɂɅɋɍɊɖɆɕ).  

ɋɂɇɌȿɁ ɂ ɋɌɊɈȿɇɂȿ 

 
ɂ.ɉ. Ƚɪɢɧɢɲɚɤ, ɂ.ȼ. ȿɝɨɪɨɜɚ 

 ɎȽȻɈɍ ȼɈ «ȻȽɉɍ»  
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ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɩɪɨɢɡɜɨɞɧɵɟ ɬɪɢɫ(2,6-ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ ɨɛɳɟɣ ɮɨɪɦɭɥɵ [(2,6-OMe)2C6H3]3SbX3-n, ɝɞɟ X 

= OCN, SCN, N3, O, n=1-2. ɋɬɪɨɟɧɢɟ ɞɢɚɡɢɞɚ, ɞɢɢɡɨɰɢɚɧɚɬɚ ɢ ɨɤɫɢɞɚ ɬɪɢɫ(2,6-ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ 
ɭɫɬɚɧɨɜɥɟɧɨ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

A new series of tris(2,6-dimethoxyphenyl)antimony derivatives of general formula [(2,6-OMe)2C6H3]3SbX3-n was 

synthesized, where X = OCN, SCN, N3, O, n=1-2. The structure of tris(2.6-dimethoxyphenyl)antimony diazide, diisocyanate, 

oxide was further confirmed using single crystal X-ray diffraction analysis. 

 
Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɚɤɨɩɥɟɧ ɡɧɚɱɢɬɟɥɶɧɵɣ ɷɦɩɢɪɢɱɟɫɤɢɣ ɨɩɵɬ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɣ ɨ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɭɪɶɦɚɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɪɟɚɝɟɧɬɨɜ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ [1], ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɩɪɟɞɦɟɬ ɩɪɨɬɢɜɨɪɚɤɨɜɨɣ ɢ 
ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ [2-4]. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɬɪɭɤɬɭɪɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɨɟɞɢɧɟɧɢɣ ɫɭɪɶɦɵ ɨɛɳɟɣ 
ɮɨɪɦɭɥɵ Ph3SbX2, Ph3SbY (ɏ – ɦɨɧɨ-, Y – ɛɢɞɟɧɬɚɬɧɵɣ ɥɢɝɚɧɞ), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɨɢɡɜɨɞɧɵɟ 
ɫɭɪɶɦɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɚɪɨɦɚɬɢɱɟɫɤɨɦ ɤɨɥɶɰɟ ɝɪɭɩɩɵ ɫ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɤɨɨɪɞɢɧɢɪɭɸɳɢɦɢ 
ɰɟɧɬɪɚɦɢ, ɨɫɬɚɸɬɫɹ ɦɚɥɨɢɡɭɱɟɧɧɵɦɢ [5]. ɂɧɬɟɪɟɫ ɤ ɬɚɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ 
ɜɵɫɨɤɢɦ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɫɢɧɬɟɡ ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɢɡɭɱɟɧɢɟ ɢɯ 
ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɫɜɨɣɫɬɜ ɩɨɡɜɨɥɹɬ ɪɚɫɲɢɪɢɬɶ ɫɩɟɤɬɪ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ, ɢɡɭɱɟɧɢɟ ɫɬɪɨɟɧɢɹ ɢ ɫɜɨɣɫɬɜ ɧɨɜɵɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɹɬɢɜɚɥɟɧɬɧɨɣ ɫɭɪɶɦɵ ɨɛɳɟɣ ɮɨɪɦɭɥɵ [(2,6-OMe)2C6H3]3SbX3-n, ɝɞɟ 
X = Br, OCN, SCN, N3, O; n - ɞɟɧɬɚɬɧɨɫɬɶ ɥɢɝɚɧɞɚ (n = 1-2). 

ɋɢɧɬɟɡ ɬɪɢɫ(2,6-ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ (1) ɫ ɜɵɯɨɞɨɦ 72% ɩɪɨɜɨɞɢɥɢ ɜ ɞɢɷɬɢɥɨɜɨɦ ɷɮɢɪɟ 
ɩɨ ɫɯɟɦɟ: 

 
SbCl3  +  3(2,6-OMe)2C6H3Li  →  [(2,6-OMe)2C6H3]3Sb  +  3LiCl. 

 
ɗɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ ɤɪɢɫɬɚɥɥɚ (1) ɫɨɞɟɪɠɢɬ ɞɜɟ ɫɬɪɭɤɬɭɪɧɨ ɧɟɡɚɜɢɫɢɦɵɟ ɦɨɥɟɤɭɥɵ, ɤɚɠɞɚɹ 

ɢɡ ɤɨɬɨɪɵɯ ɩɪɢɧɢɦɚɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɫɨɟɞɢɧɟɧɢɣ ɤɨɧɮɢɝɭɪɚɰɢɸ ɬɪɢɝɨɧɚɥɶɧɨɣ 
ɩɢɪɚɦɢɞɵ.  

ɉɟɪɟɯɨɞ Sb(III) → Sb(V) ɨɫɭɳɟɫɬɜɥɟɧ ɨɤɢɫɥɟɧɢɟɦ ɬɪɢɨɪɝɚɧɢɥɫɭɪɶɦɵ ɛɪɨɦɨɦ ɜ ɫɪɟɞɟ 
ɱɟɬɵɪɟɯɯɥɨɪɢɫɬɨɝɨ ɭɝɥɟɪɨɞɚ.  

ɋɢɧɬɟɡ ɞɢɢɡɨɰɢɚɧɚɬɚ, ɞɢɬɢɨɰɢɚɧɚɬɚ, ɞɢɚɡɢɞɚ ɬɪɢɫ(2,6-ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ ɩɪɨɜɨɞɢɥɢ ɜ 
ɫɪɟɞɟ ɛɟɡɜɨɞɧɨɝɨ ɦɟɬɚɧɨɥɚ ɩɨ ɫɯɟɦɟ: 

 
[(2,6-OMe)2C6H3]3SbBr2  +  2MeX  →  [(2,6-OMe)2C6H3]3SbX2  + 2MeBr 

Me = Na, Ag; X = OCN (2), N3 (3), SCN (4). 
 

ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɣ (2) ɢ (3) ɢɦɟɸɬ ɢɫɤɚɠɟɧɧɭɸ 
ɬɪɢɝɨɧɚɥɶɧɨ-ɛɢɩɢɪɚɦɢɞɚɥɶɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ; ɢɩɫɨ-ɭɝɥɟɪɨɞɧɵɟ ɚɬɨɦɵ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɥɢɝɚɧɞɨɜ 
ɥɟɠɚɬ ɜ ɷɤɜɚɬɨɪɢɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɩɫɟɜɞɨɝɚɥɨɝɟɧɢɞɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɡɚɧɢɦɚɸɬ ɚɩɢɤɚɥɶɧɵɟ 
ɩɨɡɢɰɢɢ ɩɨɥɢɬɨɩɚ. Ⱥɤɫɢɚɥɶɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɚɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɫɬɚɜɥɹɸɬ 178.79(7)° (2), 174.6(4)-
178.9(4)° (3); ɞɥɢɧɵ ɫɜɹɡɟɣ Sb−ɋ 2.0937-2.1014(19) Å(2), 2.080(14)-2.149(12) Å(3) ɦɟɧɶɲɟ ɫɭɦɦɵ 
ɤɨɜɚɥɟɧɬɧɵɯ ɪɚɞɢɭɫɨɜ ɞɚɧɧɵɯ ɚɬɨɦɨɜ, ɪɚɜɧɨɣ 2.19 Å [6]. 

mailto:grinishak_3@mail.ru
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Ɉɤɫɢɞ ɬɪɢɫ(2,6-ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ (5) ɫɢɧɬɟɡɢɪɨɜɚɧ ɢɡ ɞɢɛɪɨɦɢɞɚ ɬɪɢɫ(2,6-
ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ ɢ ɨɤɫɢɞɚ ɫɟɪɟɛɪɚ ɜ ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɟ ɩɨ ɫɯɟɦɟ: 

 
[(2,6-OMe)2C6H3]3SbBr2  +  Ag2O  →  [(2,6-OMe)2C6H3]3SbO  + 2AgBr. 

 
ɋɬɪɨɟɧɢɟ ɨɤɫɢɞɚ ɬɪɢɫ(2,6-ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ ɭɫɬɚɧɨɜɥɟɧɨ ɦɟɬɨɞɨɦ ɊɋȺ. ɋɨɟɞɢɧɟɧɢɟ 

ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɫɬɪɭɤɬɭɪɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɦ ɦɨɧɨɦɟɪɧɵɦ ɨɤɫɢɞɨɦ ɬɪɢɨɪɝɚɧɢɥɫɭɪɶɦɵ.  
ȼ ɤɪɢɫɬɚɥɥɟ ɢɦɟɸɬɫɹ ɞɜɟ ɫɢɦɦɟɬɪɢɱɟɫɤɢ ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɟ ɦɨɥɟɤɭɥɵ. Ʉɨɨɪɞɢɧɚɰɢɨɧɧɵɣ 

ɩɨɥɢɷɞɪ ɚɬɨɦɨɜ ɫɭɪɶɦɵ ɜ ɫɨɟɞɢɧɟɧɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɫɤɚɠɟɧɧɵɣ ɬɟɬɪɚɷɞɪ ɫ ɬɪɟɦɹ ɚɬɨɦɚɦɢ 
ɭɝɥɟɪɨɞɚ ɚɪɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɢ ɚɬɨɦɨɦ ɤɢɫɥɨɪɨɞɚ ɜ ɜɟɪɲɢɧɚɯ [7]. Ɂɧɚɱɟɧɢɹ ɞɥɢɧ ɫɜɹɡɟɣ Sb−Ɉ 
1.914(3), 1.918(3) Å ɩɪɟɜɵɲɚɸɬ ɫɭɦɦɭ ɤɨɜɚɥɟɧɬɧɵɯ ɪɚɞɢɭɫɨɜ ɞɚɧɧɵɯ ɚɬɨɦɨɜ ɫ ɞɜɨɣɧɵɦɢ 
ɫɜɹɡɹɦɢ, ɪɚɜɧɭɸ 1.86 Å, ɩɪɢ ɫɭɦɦɟ ɪɚɞɢɭɫɨɜ ɚɬɨɦɨɜ ɫ ɨɞɢɧɚɪɧɵɦɢ ɫɜɹɡɹɦɢ 2.07 Å [8]. 

ɉɫɟɜɞɨɝɚɥɨɝɟɧɢɞɵ ɢ ɨɤɫɢɞ ɬɪɢɫ(2,6-ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɛɟɫɰɜɟɬɧɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɯɥɨɪɨɮɨɪɦɟ, ȾɆɋɈ, ȾɆɎȺ; 
ɭɫɬɨɣɱɢɜɵ ɤ ɤɢɫɥɨɪɨɞɭ ɜɨɡɞɭɯɚ, ɩɥɚɜɹɬɫɹ ɫ ɪɚɡɥɨɠɟɧɢɟɦ. 

ȼɵɯɨɞɵ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɬɪɢɫ(2,6-
ɞɢɦɟɬɨɤɫɢɮɟɧɢɥ)ɫɭɪɶɦɵ ɫɨɫɬɚɜɢɥɢ 95%, 142 °ɋ (2), 72%, 184 °ɋ (3), 68%, 174 °ɋ (4), 89%, 152 °ɋ 
(5). 
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Ɋɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɧɨɜɨɝɨ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɩɹɬɢɹɞɟɪɧɨɝɨ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ ɯɢɧɨɧɚ – 4a,5b-10,12-

ɬɟɬɪɚɚɡɚɢɧɞɟɧɨ[2,1-b]ɮɥɭɨɪɟɧ-5,11-ɞɢɨɧɚ, ɜɤɥɸɱɚɸɳɢɣ ɫɢɧɬɟɡ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ ɹɞɪɚ ɢ ɟɝɨ ɞɚɥɶɧɟɣɲɭɸ 
ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɸ. Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ ɜ ɯɢɧɨɧɵ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
– KNO3 /H2SO4.  

A method has been developed for the synthesis of a new condensed 5-nuclear heterocyclic quinone - 4a,5b-10,12-

tetraazaindeno[2,1-b]fluorene-5,11-dione, which involves the synthesis of a heterocyclic core and its further 

functionalization. For the transformation of aromatic amines into quinones, a new oxidizing system, KNO3/H2SO4, was 

proposed. 

 
ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ ɪɚɤɚ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɪɟɩɚɪɚɬɵ, ɨɛɥɚɞɚɸɳɢɟ 

ɧɚɩɪɚɜɥɟɧɧɵɦ ɢ ɫɟɥɟɤɬɢɜɧɵɦ ɞɟɣɫɬɜɢɟɦ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɨ ɦɧɨɝɢɯ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɩɭɯɨɥɹɯ 
ɩɨɜɵɲɟɧ ɭɪɨɜɟɧɶ ɮɟɪɦɟɧɬɚ DT-ɞɢɚɮɨɪɚɡɵ [1-2], ɫɩɨɫɨɛɧɨɝɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɥɟɤɚɪɫɬɜɟɧɧɵɟ 
ɫɪɟɞɫɬɜɚ (Ʌɋ), ɬɟɦ ɫɚɦɵɦ ɚɤɬɢɜɢɪɭɹ ɢɯ ɬɨɥɶɤɨ ɜ ɪɚɤɨɜɵɯ ɤɥɟɬɤɚɯ. Ⱦɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɯɚɪɚɤɬɟɪɟɧ 
ɞɥɹ Ʌɋ ɦɢɬɨɦɢɰɢɧɚ ɋ ɢ ɪɹɞɚ ɞɪɭɝɢɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɯɢɧɨɧɨɜ, ɧɚɩɪɢɦɟɪ, 4ɚ,5b,10,12-
ɬɟɬɪɚɚɡɚɢɧɞɟɧɨɮɥɭɨɪɟɧ-5,11-ɞɢɨɧɨɜ, ɢɦɟɸɳɢɯ ɫɨɩɨɫɬɚɜɢɦɵɣ ɫ ɤɨɦɦɟɪɱɟɫɤɢɦɢ Ʌɋ ɭɪɨɜɟɧɶ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ [3-4].  

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɫɢɧɬɟɡɚ ɩɨɞɨɛɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɯɢɧɨɧɨɜ 
ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɫɬɚɞɢɣɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɬɪɟɛɭɸɳɢɦɢ ɠёɫɬɤɢɯ ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɣ, ɚ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɪɟɚɝɟɧɬɨɜ. ɂɡ-ɡɚ ɦɚɥɨɣ ɞɨɫɬɭɩɧɨɫɬɢ ɨɫɬɚёɬɫɹ ɦɚɥɨɢɡɭɱɟɧɧɵɦ 
ɜɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɵ ɯɢɧɨɧɚ ɧɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ ɚɤɬɢɜɧɨɫɬɶ. ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ 4ɚ,6,10ɚ,12- ɢ 
4ɚ,5b,10,12-ɬɟɬɪɚɚɡɚɢɧɞɟɧɨɮɥɭɨɪɟɧ-5,11-ɞɢɨɧɨɜ ɫɨɞɟɪɠɚɬ ɧɚɫɵɳɟɧɧɵɟ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ 
ɮɪɚɝɦɟɧɬɵ, ɬɨ ɟɫɬɶ ɢɦɟɸɬ ɧɟ ɩɥɨɫɤɭɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ. ɉɨɷɬɨɦɭ ɫ ɰɟɥɶɸ 
ɪɚɫɲɢɪɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢɡɜɟɫɬɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 
ɯɢɧɨɧɨɜ ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɫɬɪɭɤɬɭɪɚ/ɫɜɨɣɫɬɜɚ, ɧɚɦɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ 
ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɧɨɜɨɝɨ, ɩɨɥɧɨɫɬɶɸ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ, 4ɚ,5b,10,12-ɬɟɬɪɚɚɡɚɢɧɞɟɧɨ[2,1-b]ɮɥɭɨɪɟɧ-
5,11-ɞɢɨɧɚ ɢɡ ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  

ɋɬɪɭɤɬɭɪɚ ɞɚɧɧɨɝɨ ɯɢɧɨɧɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɤɪɢɧɢɧɝɚ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ PASS (http: //www.pharmaexpert.ru/PASSOnline/: ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ Pa = 0.83 ɦɨɠɧɨ 
ɨɠɢɞɚɬɶ ɩɪɨɹɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɟɦ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɢ). 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɬɨɥɶɤɨ ɨɞɢɧ ɩɪɢɦɟɪ ɫɢɧɬɟɡɚ ɩɟɧɬɚɰɢɤɥɢɱɟɫɤɨɝɨ ɹɞɪɚ ɞɚɧɧɨɝɨ 
ɯɢɧɨɧɚ ɜ ɞɨɫɬɚɬɨɱɧɨ ɠёɫɬɤɢɯ ɭɫɥɨɜɢɹɯ ɫ ɫɭɦɦɚɪɧɵɦ ɜɵɯɨɞɨɦ ɦɟɧɟɟ 20% [5]. ȼ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ 
ɫɩɨɫɨɛɚ ɫɢɧɬɟɡɚ ɫɤɚɮɮɨɥɞɚ ɧɚɦɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɰɟɫɫ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɰɢɤɥɢɡɚɰɢɢ 
ɞɢɯɥɨɪɢɞɚ 1,1'-(4,6-ɞɢɧɢɬɪɨ-1,3-ɮɟɧɢɥɟɧ)ɛɢɫ(ɩɢɪɢɞɢɧɢɹ) (1) (ɫɦ. ɫɯɟɦɚ 1), ɥɟɝɤɨ ɩɨɥɭɱɚɟɦɨɝɨ ɢɡ 
ɩɢɪɢɞɢɧɚ ɢ 1,3-ɞɢɯɥɨɪ-4,6-ɞɢɧɢɬɪɨɛɟɧɡɨɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɤɜɚɬɟɪɧɢɡɚɰɢɢ. 

 

 
ɋɯɟɦɚ 1 

mailto:iveco1996@yandex.ru
http://www.pharmaexpert.ru/PASSOnline/


ȻɒɄɏ – 2017                                    ɋɟɤɰɢɹ 1. Ɉɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

 71 

ɉɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɰɟɥɟɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫ ɜɵɯɨɞɨɦ 
86%. 

ɋɢɧɬɟɡ ɯɢɧɨɧɚ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɫɬɚɞɢɢ ɧɢɬɪɨɜɚɧɢɹ, 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢ ɨɤɢɫɥɟɧɢɹ (ɫɦ. ɫɯɟɦɚ 2). 

 

 
ɋɯɟɦɚ 2 

 
ɉɪɟɜɪɚɳɟɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ ɜ ɯɢɧɨɧɵ ɨɛɵɱɧɨ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɩɨɦɨɳɶɸ ɨɱɟɧɶ 

ɞɨɪɨɝɨɫɬɨɹɳɟɣ ɫɨɥɢ Ɏɪɟɦɢ ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɫɪɟɞɟ [6-7]. ɉɨɷɬɨɦɭ ɧɚɦɢ ɛɵɥ ɨɫɭɳɟɫɬɜɥёɧ ɩɨɢɫɤ 
ɡɚɦɟɧɵ ɞɚɧɧɨɝɨ ɨɤɢɫɥɢɬɟɥɹ. Ʉɚɤ ɨɤɚɡɚɥɨɫɶ, ɢɡɜɟɫɬɧɵɟ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ (K2Cr2O7/H2SO4 [8] 
ɢ MnO2/H2SO4) ɛɵɥɢ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵ. ȼɵɯɨɞ 4a,5b-10,12-ɬɟɬɪɚɚɡɚɢɧɞɟɧɨ[2,1-b]ɮɥɭɨɪɟɧ-5,11-
ɞɢɨɧɚ 5 ɫɨɫɬɚɜɢɥ 14 ɢ 31%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɷɬɨɦɭ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɩɨɞɛɨɪ ɧɨɜɵɯ 
ɨɤɢɫɥɢɬɟɥɟɣ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɪɟɜɪɚɳɟɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ ɜ 
ɯɢɧɨɧɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ KNO3 –
H2SO4 (ɤɨɧɰ). ɍɫɬɚɧɨɜɥɟɧɢɟ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ, ɩɨɡɜɨɥɢɥɨ ɩɨɞɨɛɪɚɬɶ 
ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɫɢɧɬɟɡɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɯɢɧɨɧ 5 ɛɵɥ ɩɨɥɭɱɟɧ ɫ ɜɵɯɨɞɨɦ 74%. 
ɋɬɪɭɤɬɭɪɚ ɩɪɨɞɭɤɬɚ ɛɵɥɚ ɢɡɭɱɟɧɚ ɫ ɩɨɦɨɳɶɸ əɆɊ 1H, 13C- ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, 
ɚ ɬɚɤɠɟ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ.  
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ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɦɨɳɧɨɫɬɢ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɨɛɥɭɱɟɧɢɹ (ɆȼɈ), ɜɪɟɦɟɧɢ, ɩɪɢɪɨɞɵ ɢ ɤɨɥɢɱɟɫɬɜɚ 
ɤɚɬɚɥɢɡɚɬɨɪɚ/ɫɨɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɨɥɢɝɨɦɟɪɨɜ ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ (ɈɆɄ). ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɨɩɬɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɆȼɈ ɞɥɹ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɫɨɫɬɚɜɥɹɟɬ 280 ȼɬ. Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɡɦɟɧɹɟɬɫɹ 
ɜ ɫɥɟɞɭɸɳɟɦ ɪɹɞɭ: ɨɤɬɚɧɨɚɬ ɨɥɨɜɚ (Sn(Oct)2) > ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɚ (ɌɋɄ) > ɚɦɢɧɨɤɢɫɥɨɬɵ. Ɉɩɬɢɦɚɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ Sn(Oct)2 ɫɨɫɬɚɜɥɹɟɬ 0,03% ɦɚɫɫ., ɚ ɞɥɹ ɌɋɄ ɢ ɚɦɢɧɨɤɢɫɥɨɬ - 0,3% ɦɚɫɫ. ȼɵɫɤɚɡɚɧɨ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɧɚɥɢɱɢɟ «ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɷɮɮɟɤɬɚ» ɩɪɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ. 

The effect of microwave irradiation power (MWI), time, nature and amount of catalyst / cocatalyst on the polymerization 

of lactic acid oligomers (OLA) was studied. It is shown that the optimum MWI power for OMC polymerization is 280 W. The 

activity of the catalyst varies in the following sequence: stannous octanoate (Sn(Oct)2)> toluenesulfonic acid (TSA)> amino 

acids. The optimum amount of catalyst for Sn(Oct)2 is 0.03% by weight, and for TSA and amino acids 0.3% by weight. It is 

suggested that there is a "microwave effect" in the polymerization of OLA under conditions of MWI. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɩɨɢɫɤɨɦ ɢ ɫɨɡɞɚɧɢɟɦ ɧɨɜɵɯ 
ɷɧɟɪɝɨ- ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ. ɉɪɢɦɟɧɟɧɢɟ ɆȼɈ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ 
ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɣ, ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɢ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɩɪɨɞɭɤɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ 
ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɵɟ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
[1]. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɢɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ (ɉɆɄ) ɜ ɦɟɞɢɰɢɧɟ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɧɟ ɜɵɡɵɜɚɟɬ 
ɚɥɥɟɪɝɢɱɟɫɤɢɯ, ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɢ ɞɪɭɝɢɯ ɜɪɟɞɧɵɯ ɪɟɚɤɰɢɣ ɜ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɚɯ ɢ ɩɨɥɧɨɫɬɶɸ 
ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɧɟɬɨɤɫɢɱɧɵɟ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɩɪɨɞɭɤɬɵ [2-3]. ɉɪɢɦɟɧɟɧɢɟ ɉɆɄ 
ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɨ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɫɢɫɬɟɦɚɯ ɫ ɢɯ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ, ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɢ ɮɚɪɦɚɤɨɥɨɝɢɢ, ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɢɦɩɥɚɧɬɚɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɛɟɫɲɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɞɪ. 

ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɥɚɤɬɢɞɨɜ ɢ ɈɆɄ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɫɢɧɬɟɡɚ ɫ ɱɚɫɨɜ 
ɞɨ ɦɢɧɭɬ [1,4]. Ɉɞɧɚɤɨ ɜɥɢɹɧɢɟ ɦɨɳɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, ɜɪɟɦɟɧɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɩɪɢɪɨɞɵ ɢ 
ɤɨɥɢɱɟɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ/ɫɨɤɚɬɚɥɢɡɚɬɨɪɚ ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɤɢɧɟɬɢɤɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ Sn(Oct)2, ɚɦɢɧɨɤɢɫɥɨɬ ɢ ɌɋɄ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɆȼɈ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɌɋɄ ɢ ɚɦɢɧɨɤɢɫɥɨɬ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɞɥɹ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɦɟɞɢɰɢɧɟ ɢ ɮɚɪɦɚɤɨɥɨɝɢɢ ɩɪɢɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ ɦɟɬɚɥɥɨɜ ɧɟɠɟɥɚɬɟɥɶɧɨ [4]. 

ɉɨɥɢɦɟɪɢɡɚɰɢɸ ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ (ɆɄ) ɩɪɨɜɨɞɢɥɢ ɜ ɦɭɥɶɬɢɦɨɞɚɥɶɧɨɦ ɪɟɚɤɬɨɪɟ ɜ ɜɚɤɭɭɦɟ 
ɩɪɢ ɛɚɪɛɨɬɢɪɨɜɚɧɢɢ ɚɡɨɬɨɦ ɩɪɢ ɦɨɳɧɨɫɬɹɯ ɆȼɈ 130, 280, 360 ȼɬ. 

20 ɝ ɈɆɄ ɡɚɝɪɭɠɚɥɢ ɜ ɫɬɟɤɥɹɧɧɭɸ ɬɟɪɦɨɫɬɨɣɤɭɸ ɤɨɥɛɭ 100 ɦɥ. ɢ ɞɨɛɚɜɥɹɥɢ ɤɚɬɚɥɢɡɚɬɨɪɵ ɜ 
ɤɨɥɢɱɟɫɬɜɟ 0,03-0.3 %: ɚɦɢɧɨɤɢɫɥɨɬɵ/ɬɪɟɬ-ɛɭɬɢɥɨɜɵɣ ɫɩɢɪɬ (t-BS); ɚɦɢɧɨɤɢɫɥɨɬɵ/ɛɟɧɡɢɥɨɜɵɣ 
ɫɩɢɪɬ (BzS); ɌɋɄ; Sn(Oct)2/Bz. Ɂɚɬɟɦ ɤɨɥɛɭ ɩɨɦɟɳɚɥɢ ɜ ɦɢɤɪɨɜɨɥɧɨɜɨɣ ɪɟɚɤɬɨɪ ɢ ɛɚɪɛɨɬɢɪɨɜɚɥɢ 
ɚɡɨɬ (ɪ=200 ɦɦ.ɪɬ.ɫɬ.) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɦɨɳɧɨɫɬɹɯ ɆȼɈ. 

ɉɨɥɢɦɟɪɢɡɚɰɢɸ ɉɆɄ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫ.1 ɋɢɧɬɟɡ ɩɨɥɢɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ 
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ɇɚ ɪɢɫ.2. ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɟɚɤɰɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɜ ɩɪɢɫɭɬɫɬɜɢɢ α-

ɚɥɚɧɢɧɚ (α-Ala). ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɫɥɨɠɧɨɝɨ 
ɤɚɬɚɥɢɡɚɬɨɪɚ t-BS ɫɤɨɪɨɫɬɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɟ 
ɫɩɢɪɬɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɈɆɄ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɦɢɧɨɤɢɫɥɨɬ ɢ Sn(Oct)2 ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɬɟɤɚɟɬ 
[3-4]. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ ɩɪɢ ɦɨɳɧɨɫɬɢ 280 
ȼɬ ɢɡɦɟɧɹɟɬɫɹ ɜ ɪɹɞɭ: ȕ-Phe-α-Ala > Gly > α-Ala > ȕ-Ala, ɩɪɢ ɷɬɨɦ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 0,3 ɦɚɫɫ.%. 

  
Ɋɢɫ.2. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ 0,3 ɦɚɫɫ.% ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɭɫɥɨɜɢɹɯ 
ɆȼɈ: α-Ala /Bz (1:1) ɩɪɢ 280 ȼɬ (1), 360 ȼɬ (2);  

α-Ala /t-BS (1:1) ɩɪɢ 280 ȼɬ (3), 360 ȼɬ (4) 
 

Ɋɢɫ.3. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 
ɈɆɄ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0,3 ɦɚɫɫ.% ɌɋɄ ɜ ɭɫɥɨɜɢɹɯ 

ɆȼɈ: 1 – 130 ȼɬ; 2 – 280 ȼɬ 

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ 
«ɦɢɤɪɨɜɨɥɧɨɜɨɣ ɷɮɮɟɤɬ» (ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɪɟɦɟɧɢ ɩɨɜɵɲɟɧɢɟ ɦɨɳɧɨɫɬɢ ɆȼɈ 
ɫ 280 ɞɨ 360 ȼɬ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ ɩɨɥɢɦɟɪɚ). 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɌɋɄ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.3. 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɞɨ 15 ɦɢɧɭɬ ɧɚɛɥɸɞɚɟɬɫɹ ɫɥɚɛɵɣ ɪɨɫɬ ɰɟɩɢ ɈɆɄ, ɨɛɪɚɡɭɸɬɫɹ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɨɥɢɝɨɦɟɪɵ. ȼ ɨɛɥɚɫɬɢ ɨɬ 15 ɞɨ 30 ɦɢɧɭɬ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɜɨɡɪɚɫɬɚɧɢɟ 
ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ ɢ, ɡɚɬɟɦ, ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɰɟɩɢ ɩɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Sn(Oct)2/ 
BzS. ɉɪɢ ɦɨɳɧɨɫɬɢ ɨɛɥɭɱɟɧɢɹ 130 ȼɬ, ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ ɈɆɄ ɦɟɞɥɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ 
ɦɨɳɧɨɫɬɢ ɆȼɈ 280 ȼɬ ɜ ɩɟɪɜɵɟ 10 ɦɢɧ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɨɝɪɟɜ ɨɛɪɚɡɰɚ ɢ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ 
ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɈɆɄ ɫ ɭɞɚɥɟɧɢɟɦ ɜɨɞɵ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ 
ɩɪɨɰɟɫɫɚ ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ ɈɆɄ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɞɚɧɧɨɦ ɩɪɨɦɟɠɭɬɤɟ 
ɥɢɦɢɬɢɪɭɸɳɟɣ ɹɜɥɹɟɬɫɹ ɫɬɚɞɢɹ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɫ ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ.  

ɉɪɢ ɦɨɳɧɨɫɬɢ 360 ȼɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ ɩɪɨɢɫɯɨɞɢɬ ɞɟɫɬɪɭɤɰɢɹ 
ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɩɨɥɢɦɟɪɚ. 

  
Ɋɢɫ.4. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Sn(Oct)2/Bz ɩɪɢ 
ɫɨɨɬɧɨɲɟɧɢɢ ɤɚɬ:ɫɨɤɚɬ:ɈɆɄ = 3:3:10000 (ɦɚɫɫ.%) 

Ɋɢɫ.5. ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Sn(Oct)2  
(ɤɚɬ:ɫɨɤɚɬ = 1:1) ɧɚ ɫɢɧɬɟɡ ɉɆɄ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ. 

ɍɫɥɨɜɢɹ ɪɟɚɤɰɢɢ: W=280 ȼɬ, Ĳ=25 ɦɢɧ. 
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ɇɚ ɪɢɫ.5 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɤɨɥɢɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 0,03 % ɨɬ ɦɚɫɫɵ ɈɆɄ ɞɨɫɬɢɝɚɟɬɫɹ 
ɧɚɢɛɨɥɶɲɢɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ ɩɪɢ W=280 ȼɬ ɢ ɜɪɟɦɟɧɢ 25 ɦɢɧ. 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ.1. 
ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɱɢɫɬɨɬɨɣ. 

Ɍɚɛɥɢɰɚ 1 
ɍɫɥɨɜɢɹ ɫɢɧɬɟɡɚ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɈɆɄ. 

Ʉɚɬɚɥɢɡɚɬɨɪ 
Ɇɨɳɧɨɫɬɶ, 

ȼɬ 
t, ɋ 

ȼɪɟɦɹ 
ɪɟɚɤɰɢɢ, 

ɦɢɧ 
Ɍ ɩɥ., ɋ 

ɋɬɟɩɟɧɶ 
ɩɪɟɜɪɚɳɟɧɢɹ 

Mw, Da 
[α]* 

 

α-Ala 360  
215 

80 170 0,93 8200 -157 

Sn(Oct)2 280 25 139 0,95 19900 -156 

ɌɋɄ 280 35 181 0,94 9350 -157 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɚ ɤɢɧɟɬɢɤɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɈɆɄ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

Sn(Oct)2, ɌɋɄ ɢ ɚɦɢɧɨɤɢɫɥɨɬ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɢɡɦɟɧɹɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɪɹɞɭ: Sn(Oct)2/Bz > ɌɋɄ > ɚɦɢɧɨɤɢɫɥɨɬɵ/t-BS. Ɉɩɬɢɦɚɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ Sn(Oct)2 ɫɨɫɬɚɜɥɹɟɬ 0,03% ɦɚɫɫ., ɚ ɞɥɹ ɌɋɄ ɢ ɚɦɢɧɨɤɢɫɥɨɬ - 0,3% 
ɦɚɫɫ. ȼɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɧɚɥɢɱɢɢ «ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɷɮɮɟɤɬɚ» ɩɪɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 
ɈɆɄ ɜ ɭɫɥɨɜɢɹɯ ɆȼɈ. 

 
Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɨɝɪɨɦɧɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɯ.ɧ, ɩɪɨɮɟɫɫɨɪɭ Ȼɚɤɢɛɚɟɜɭ Ⱥ.Ⱥ (ɌȽɍ), ɤ.ɯ.ɧ, 

ɞɨɰɟɧɬɭ Ƚɭɛɟ Ƚ.ə (Ɍɉɍ).  
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ɍȾɄ 547.913.2; 547.311; 547.305.01 
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Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 167982, ɋɵɤɬɵɜɤɚɪ, ɭɥ. ɉɟɪɜɨɦɚɣɫɤɚɹ, 48. 

e-mail: gyrdymova-jw@chemi.komisc.ru 
 

ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɫɟɫɤɜɢɬɟɪɩɟɧɨɜɵɟ ɫɭɥɶɮɢɞɵ (ɜɵɯɨɞɵ ɞɨ 96%), ɨɤɢɫɥɟɧɢɟɦ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɫɭɥɶɮɨɤɫɢɞɵ ɢ 
ɫɭɥɶɮɨɧɵ ɫ ɜɵɯɨɞɚɦɢ ɞɨ 56 ɢ 74% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɤɢɫɥɟɧɢɸ ɫɭɥɶɮɢɞɨɜ ɫɨɩɭɬɫɬɜɭɟɬ ɩɪɨɰɟɫɫ 

ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɷɩɨɤɫɢɞɨɜ ɜ ɚɥɥɢɥɨɜɵɟ ɫɩɢɪɬɵ (ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ ɨɤɢɫɥɟɧɢɟɦ).  
Sesquiterpenic sulfides were synthesized (yields up to 96%). Their oxidation leads to appropriate sulfoxides (yields up to 

56%) and sulfones (yields up to 74%). It was found the processes of oxidation and isomerisation to allylyc alcohols occur 

simultaneously. 

 
Ʉɚɪɢɨɮɢɥɥɟɧ ɢ ɟɝɨ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢ ɩɪɢɟɦɥɟɦɵɟ ɫɨɥɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɸɬɫɹ 

ɡɚɩɚɬɟɧɬɨɜɚɧɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɨɝɨ ɞɟɣɫɬɜɢɹ [1], ɚ ɟɝɨ ɩɪɨɢɡɜɨɞɧɨɟ – 
ɤɚɪɢɨɮɢɥɥɟɧɨɤɫɢɞ – ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɦ ɤɚɧɞɢɞɚɬɨɦ ɞɥɹ ɩɪɨɮɢɥɚɤɬɢɤɢ ɢ 
ɥɟɱɟɧɢɹ ɪɚɤɚ [2]. ȼɜɟɞɟɧɢɟ ɮɚɪɦɚɤɨɮɨɪɧɵɯ ɫɭɥɶɮɨɤɫɢɞɧɨɣ ɢ ɫɭɥɶɮɨɧɨɜɨɣ ɝɪɭɩɩ ɜ ɫɬɪɭɤɬɭɪɭ 
ɨɤɫɢɞɚ ɤɚɪɢɨɮɢɥɥɟɧɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɧɨɜɵɯ ɜɢɞɨɜ ɛɢɨɚɤɬɢɜɧɨɫɬɢ ɭ 
ɤɚɪɢɨɮɢɥɥɚɧɨɜɵɯ ɬɢɨɩɪɨɨɢɡɜɨɞɧɵɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɪɢɨɮɢɥɥɟɧɨɤɫɢɞ – ɥɚɛɢɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɩɨɞɜɟɪɝɚɸɳɟɟɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚɦ ɭɝɥɟɪɨɞɧɨɝɨ ɫɤɟɥɟɬɚ ɜ ɪɟɚɤɰɢɹɯ [3,4]. 
ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɫɟɥɟɤɬɢɜɧɨɣ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɤɚɪɢɨɮɢɥɥɚɧɨɜɵɯ 
ɫɟɫɤɜɢɬɟɪɩɟɧɨɢɞɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ. 

ȼ ɩɪɟɞɫɬɚɜɥɹɟɦɨɣ ɪɚɛɨɬɟ ɧɚ ɨɫɧɨɜɟ 4,5-ɷɩɨɤɫɢɤɚɪɢɨɮɢɥɥ-9-ɢɥɦɟɬɚɧɬɢɨɥɚ 1 ɩɨɥɭɱɟɧ ɪɹɞ 
ɫɟɫɤɜɢɬɟɪɩɟɧɨɜɵɯ ɬɢɨɩɪɨɢɡɜɨɞɧɵɯ – ɫɭɥɶɮɢɞɨɜ, ɫɭɥɶɮɨɤɫɢɞɨɜ ɢ ɫɭɥɶɮɨɧɨɜ. 

S-ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ ɬɢɨɥɚ 1 ɚɥɤɢɥɝɚɥɨɝɟɧɢɞɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫɭɥɶɮɢɞɵ 2-4 ɫ ɜɵɯɨɞɚɦɢ 73-
96% (ɫɯɟɦɚ 1) [5]. ɉɨɥɭɱɟɧɧɵɟ ɫɭɥɶɮɢɞɵ ɛɵɥɢ ɨɤɢɫɥɟɧɵ ɞɨ ɫɭɥɶɮɢɧɢɥɶɧɵɯ ɢ ɫɭɥɶɮɨɧɢɥɶɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ. ȼ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɚ-ɯɥɨɪɩɟɪɨɤɫɢɛɟɧɡɨɣɧɭɸ ɤɢɫɥɨɬɭ (m-
CPBA) ɢ ɫɢɫɬɟɦɭ ɬɪɟɬ-ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞ (TBHP) – ɚɰɟɬɢɥɚɰɟɬɨɧɚɬ ɜɚɧɚɞɢɥɚ (VO(acac)2). 

 
ɋɯɟɦɚ 1. ɋɢɧɬɟɡ ɫɟɫɤɜɢɬɟɪɩɟɧɨɜɵɯ ɬɢɨɩɪɨɢɡɜɨɞɧɵɯ 

 
ɉɪɢ ɨɤɢɫɥɟɧɢɢ ɫɭɛɫɬɪɚɬɨɜ 2-4 ɷɤɜɢɦɨɥɹɪɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɤɢɫɥɢɬɟɥɟɣ ɩɨɥɭɱɟɧɵ 

ɞɢɚɫɬɟɪɟɨɦɟɪɧɵɟ ɫɭɥɶɮɨɤɫɢɞɵ 5-7a,b ɫ ɨɛɳɢɦɢ ɜɵɯɨɞɚɦɢ 30-95%. Ʉɪɨɦɟ ɷɬɨɝɨ, ɜɵɞɟɥɟɧɵ 
ɫɨɟɞɢɧɟɧɢɹ 8-10a,b ɜ ɫɬɪɭɤɬɭɪɚɯ ɤɨɬɨɪɵɯ ɜɦɟɫɬɨ ɷɩɨɤɫɢɞɧɵɯ ɰɢɤɥɨɜ ɢɦɟɥɢɫɶ Ɉɇ-ɝɪɭɩɩɵ ɢ 
ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɫɟɫɤɜɢɬɟɪɩɟɧɨɜɵɯ ɦɚɤɪɨɰɢɤɥɨɜ. 

Ⱦɟɣɫɬɜɢɟɦ ɢɡɛɵɬɤɚ m-CPBA ɧɚ ɫɭɥɶɮɢɞɵ 2-4 ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫɭɥɶɮɨɧɵ 11-13. ɉɨɦɢɦɨ ɷɬɨɝɨ, 
ɜɵɞɟɥɟɧɵ 3,4-ɷɩɨɤɫɢɫɭɥɶɮɨɧɵ 14-16 – ɩɪɨɞɭɤɬɵ ɨɤɢɫɥɟɧɢɹ ɫɭɥɶɮɢɞɨɜ ɫ ɢɡɨɦɟɪɢɡɨɜɚɧɧɵɦɢ 
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ɫɬɪɭɤɬɭɪɚɦɢ ɬɟɪɩɟɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ. ɇɚɥɢɱɢɟ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ (Bn) ɜ 
ɫɬɪɭɤɬɭɪɚɯ ɫɭɛɫɬɪɚɬɨɜ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɨɦɨɬɢɪɭɟɬ ɪɟɚɤɰɢɸ ɢɡɨɦɟɪɢɡɚɰɢɢ, 
ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɨɞɭɤɬɵ 15, 16 ɩɪɟɨɛɥɚɞɚɸɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫɟɫɤɜɢɬɟɪɩɟɧɨɜɵɟ ɫɭɥɶɮɢɞɵ, ɫɭɥɶɮɨɤɫɢɞɵ ɢ 
ɫɭɥɶɮɨɧɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɫɭɥɶɮɢɞɨɜ ɩɪɨɬɟɤɚɟɬ ɧɟɫɟɥɟɤɬɢɜɧɨ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɢɡɨɦɟɪɢɡɚɰɢɟɣ ɫɟɫɤɜɢɬɟɪɩɟɧɨɜɵɯ ɫɭɛɫɬɪɚɬɨɜ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ (ɩɪɨɟɤɬ № 16-03-01064). 
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3-(3-Ⱥɪɢɥɩɪɨɩɟɧɨɢɥ)-2H-ɯɪɨɦɟɧ-2-ɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɪɟɚɤɬɢɜɨɦ Ɋɟɮɨɪɦɚɬɫɤɨɝɨ, ɨɛɪɚɡɨɜɚɧɧɵɦ ɢɡ ɦɟɬɢɥ 

1-ɛɪɨɦɰɢɤɥɨɝɟɤɫɚɧɤɚɪɛɨɤɫɢɥɚɬɚ ɢ ɰɢɧɤɚ, ɞɚɜɚɹ ɦɟɬɢɥ 1-[2-ɨɤɫɨ-3-(3-ɚɪɢɥɩɪɨɩɟɧɨɢɥ)ɯɪɨɦɚɧ-4-

ɢɥ]ɰɢɤɥɨɝɟɤɫɚɧɤɚɪɛɨɤɫɢɥɚɬɵ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɭɸɬ ɜ ɟɧɨɥɶɧɨɣ ɮɨɪɦɟ. 
3-(3-Arylpropenoyl)-2H-chromen-2-ones interact with Reformatsky reagent, derived from methyl 1-

bromocyclohexanecarboxylate and zinc, to give methyl 1-[2-oxo-3-(3-arylpropenoyl)chroman-4-il] cyclohexancarboxylates, 

which exist in enol form. 

 
Ⱥɥɢɰɢɤɥɢɱɟɫɤɢɟ ɪɟɚɤɬɢɜɵ Ɋɟɮɨɪɦɚɬɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ 3-ɚɪɨɢɥ-2H-ɯɪɨɦɟɧ-2-ɨɧɚɦɢ ɢ 

ɷɮɢɪɚɦɢ 2-ɨɤɫɨɯɪɨɦɟɧ-3-ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ 
ɞɜɨɣɧɨɣ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɨɣ ɫɜɹɡɢ ɩɢɪɚɧ-2-ɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɩɪɢɱɟɦ ɩɨɥɭɱɟɧɧɵɟ ɩɪɨɞɭɤɬɵ 
ɨɛɥɚɞɚɸɬ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɹɜɥɹɸɬɫɹ ɦɚɥɨɬɨɤɫɢɱɧɵɦɢ [1,2]. Ɋɚɧɟɟ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 1-ɛɪɨɦɰɢɤɥɨɩɟɧɬɚɧɤɚɪɛɨɤɫɢɥɚɬɚ ɫ ɰɢɧɤɨɦ ɢ 3-(3-
ɚɪɢɥɩɪɨɩɟɧɨɢɥ)-2H-ɯɪɨɦɟɧ-2-ɨɧɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɦɟɬɢɥ 1-[2-ɨɤɫɨ-3-(3-ɚɪɢɥɩɪɨɩɟɧɨɢɥ)ɯɪɨɦɚɧ-4-
ɢɥ]ɰɢɤɥɨɩɟɧɬɚɧɤɚɪɛɨɤɫɢɥɚɬɚɦ, ɤɨɬɨɪɵɟ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɂɄ ɢ əɆɊ 1ɇ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 
ɫɭɳɟɫɬɜɭɸɬ ɜ ɟɧɨɥɶɧɨɣ ɮɨɪɦɟ [3].  

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ, ɧɚɦɢ ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 1-ɛɪɨɦɰɢɤɥɨɝɟɤɫɚɧɤɚɪɛɨɤɫɢɥɚɬɚ (I) ɫ 
ɰɢɧɤɨɦ ɢ 3-(3-ɚɪɢɥɩɪɨɩɟɧɨɢɥ)-2H-ɯɪɨɦɟɧ-2-ɨɧɚɦɢ (II). ȼ ɫɨɟɞɢɧɟɧɢɹɯ (II) ɮɨɪɦɚɥɶɧɨ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɚ ɮɪɚɝɦɟɧɬɚ ɋ=ɋ-ɋ=Ɉ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɪɟɚɤɬɢɜɚɦɢ 
Ɋɟɮɨɪɦɚɬɫɤɨɝɨ [4]. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɧɚɲɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɝɟɬɟɪɨɰɢɤɥɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ (III), ɢ 
ɩɨɫɥɟ ɪɚɡɥɨɠɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɦɟɬɢɥ 1-[2-ɨɤɫɨ-3-(3-
ɚɪɢɥɩɪɨɩɟɧɨɢɥ)ɯɪɨɦɚɧ-4-ɢɥ]ɰɢɤɥɨɝɟɤɫɚɧɤɚɪɛɨɤɫɢɥɚɬɵ (IV), ɤɨɬɨɪɵɟ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɂɄ ɢ 
əɆɊ 1ɇ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫɭɳɟɫɬɜɭɸɬ ɜ ɟɧɨɥɶɧɨɣ ɮɨɪɦɟ.  

 

 
 

ɗɬɨ, ɜɟɪɨɹɬɧɨ, ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɦɨɥɟɤɭɥɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ 
ɦɟɠɞɭ ɚɬɨɦɨɦ ɜɨɞɨɪɨɞɚ ɟɧɨɥɶɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢ ɤɚɪɛɨɧɢɥɶɧɵɦ ɚɬɨɦɨɦ ɤɢɫɥɨɪɨɞɚ 
ɥɚɤɬɨɧɧɨɣ ɝɪɭɩɩɵ, ɚ ɬɚɤɠɟ ɛɨɥɶɲɨɣ ɰɟɩɢ ɫɨɩɪɹɠɟɧɢɹ. 
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ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ // ɏɎɀ. 2015. Ɍ. 49, № 8. ɋ. 13–15. 

3. Ⱦɟɦɟɧɟɜ Ⱥ.ȼ., ɇɢɤɢɮɨɪɨɜɚ ȿ.Ⱥ., Ʉɢɪɢɥɥɨɜ ɇ.Ɏ., Ȼɚɣɛɚɪɨɞɫɤɢɯ Ⱦ.ȼ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 1-
ɛɪɨɦɰɢɤɥɨɩɟɧɬɚɧɤɚɪɛɨɤɫɢɥɚɬɚ ɫ ɰɢɧɤɨɦ ɢ 3-(3-ɚɪɢɥɩɪɨɩɟɧɨɢɥ)-2H-ɯɪɨɦɟɧ-2-ɨɧɚɦɢ // Ɍɟɡɢɫɵ ɞɨɤɥɚɞɨɜ Ʉɥɚɫɬɟɪɚ 
ɤɨɧɮɟɪɟɧɰɢɣ ɩɨ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ «Ɉɪɝɏɢɦ-2016». ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ (ɩɨɫ. Ɋɟɩɢɧɨ) 27 ɢɸɧɹ – 1 ɢɸɥɹ 2016 ɝ. C. 91. 

4. Ʉɢɪɢɥɥɨɜ ɇ.Ɏ., Ƚɚɜɪɢɥɨɜ Ⱥ. Ƚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɡɚɦɟɳɟɧɧɵɯ ɯɚɥɤɨɧɨɜ ɫ ɦɟɬɢɥɨɜɵɦɢ ɷɮɢɪɚɦɢ 1-
ɛɪɨɦɰɢɤɥɨɚɥɤɚɧɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɰɢɧɤɨɦ // ɀɈɏ. 2008. Ɍ. 78, ȼɵɩ. 7. ɋ. 1189–1191. 
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ɉɊəɆɈȿ ɎɈɋɎɈɊɂɅɂɊɈȼȺɇɂȿ ɎɍɅɅȿɊȿɇȺ ɋ60 ɎɈɋɎɂɇɈɆ 

 
ə.ȼ. Ⱦɟɦɶɹɧɨɜ1, ȿ.Ⱥ. Ɇɚɬɜɟɟɜɚ2, ȼ.Ⱥ. Ʉɭɢɦɨɜ2  

1ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ʌɟɪɦɨɧɬɨɜɚ, 126  
2ɂɪɤɭɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ.Ɏɚɜɨɪɫɤɨɝɨ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664033, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ɏɚɜɨɪɫɤɨɝɨ, 1 

e-mail: Chemist1996@yandex.ru  

 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɪɚɞɢɤɚɥɶɧɨɝɨ ɢɧɢɰɢɢɪɨɜɚɧɢɹ (25 ɦɚɫɫ.% ȾȺɄ, 65-70 ɨɋ, 6-11 ɱ, 

ɤɫɢɥɨɥɵ) ɋ60 ɪɟɚɝɢɪɭɟɬ ɫ ɮɨɫɮɢɧɨɦ, ɨɛɪɚɡɭɹ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɟ ɨɥɢɝɨɚɞɞɭɤɬɵ ɬɢɩɚ (H2P)mC60Hm, ɤɨɬɨɪɵɟ ɧɚ 
ɫɜɟɬɭ ɥɟɝɤɨ ɨɤɢɫɥɹɸɬɫɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɨɫɮɢɧɨɜɵɯ ɢ ɮɨɫɮɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɫ ɜɵɯɨɞɨɦ ɞɨ 
32%. 

This work demonstrates that C60 reacts with phosphine under conditions of free-radical initiation (25 weight%, AIBN, 

65-70ɨɋ, 6-11 h, xylenes) and forms some olygoadducts compositions of (H2P)mC60Hm type which are easily oxidiated with 

air oxygen producing the corresponding phosphinic and phosphonic acids in up to 32% yield under the light. 

 
Ɏɨɫɮɨɪɫɨɞɟɪɠɚɳɢɟ ɮɭɥɥɟɪɟɧɵ - ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɧɨɝɨ 

ɤɚɬɚɥɢɡɚ, ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ, ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ ɞɥɹ ɥɟɱɟɧɢɹ 
ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɩɭɯɨɥɟɣ ɢ ȼɂɑ-ɢɧɮɟɤɰɢɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɜɩɟɪɜɵɟ ɫɨɨɛɳɚɟɦ ɨ ɫɢɧɬɟɡɟ ɧɨɜɵɯ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɯ 
ɨɥɢɝɨɮɭɥɥɟɪɟɧɨɜ ɧɚ ɨɫɧɨɜɟ ɋ60 ɢ ɤɪɚɫɧɨɝɨ ɮɨɫɮɨɪɚ. ɉɨɫɥɟɞɧɢɣ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɧɚɦɢ ɞɥɹ 
ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɢɡ ɧɟɝɨ ɮɨɫɮɢɧɨ-ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɞɧɨɝɨ ɄɈɇ. 
Ɏɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 65-70 ɨɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɨɝɨ ɢɧɢɰɢɚɬɨɪɚ (ȾȺɄ) ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɥɢɝɨɚɞɞɭɤɬɨɜ ɫɨɫɬɚɜɚ 
(H2P)mC60Hm (Ⱥ), ɤɨɬɨɪɵɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɪɨɞɚ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɨɥɢɝɨɦɟɪɧɵɟ 
ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɟ ɮɭɥɥɟɪɟɧɵ (1ɚ, 1ɛ), ɫɨɞɟɪɠɚɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ ɮɨɫɮɢɧɨɜɵɯ 
ɢ ɮɨɫɮɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɢ ɫɨɫɬɚɜɥɹɟɬ ~ 7:1 (ɞɥɹ 
ɨɥɢɝɨɮɭɥɥɟɪɟɧɚ 1ɚ, ɜɪɟɦɹ ɩɪɨɩɭɫɤɚɧɢɹ ɮɨɫɮɢɧɚ 6 ɱɚɫ., ɜɵɯɨɞ 32%) ɢ 1.5:1 (ɞɥɹ ɨɥɢɝɨɮɭɥɥɟɪɟɧɚ 
1ɛ, ɜɪɟɦɹ ɪɟɚɤɰɢɢ 11 ɱɚɫ., ɜɵɯɨɞ 18%). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɟ ȾȺɄ ɩɪɢ ɩɪɨɱɢɯ 
ɛɥɢɡɤɢɯ ɭɫɥɨɜɢɹɯ (80 0ɋ, 3 ɱ, ɨ-ɤɫɢɥɨɥ), ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɮɭɥɥɟɪɟɧɚ ɩɪɨɬɟɤɚɟɬ ɫ ɧɢɡɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ: ɜɵɯɨɞ ɨɥɢɝɨɮɭɥɥɟɪɟɧɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɝɪɭɩɩɵ ɮɨɫɮɢɧɨɜɵɯ ɤɢɫɥɨɬ, ɧɟ 
ɩɪɟɜɵɲɚɟɬ 4%. 

 

 
ɋɯɟɦɚ 1. ɋɬɚɞɢɢ ɫɢɧɬɟɡɚ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɯ ɨɥɢɝɨɮɭɥɥɟɪɟɧɨɜ 
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ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɷɥɟɤɬɪɨɧɢɤɟ ɢ ɛɢɨɦɟɞɢɰɢɧɟ. ɂɜɚɧɨɜɨ: ɂɡɞ-ɜɨ ɂɜȽɍ, 
2010, 2-ɟ ɢɡɞ., 340 ɫ. 
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ȺɋɂɆɆȿɌɊɂɑȿɋɄɈȿ ɉɊɂɋɈȿȾɂɇȿɇɂȿ ɂɇȾɈɅɈȼ ɂ ɉɂɊɊɈɅɈȼ ɉɈ ɎɊɂȾȿɅɘ-

ɄɊȺɎɌɋɍ Ʉ ɄȺɊȻɈȺɅɄɈɄɋɂɄɍɆȺɊɂɇȺɆ 

 
ȼ.Ƚ. Ⱦɟɫɹɬɤɢɧ, ɂ.ɉ. Ȼɟɥɟɰɤɚɹ 

Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 119992, Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɟ ɝɨɪɵ, 1. 

e-mail: desyatkinv@gmail.com  

 
ȼ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɨɫɭɳɟɫɬɜɥɟɧɚ ɪɟɚɤɰɢɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ Ɏɪɢɞɟɥɸ-Ʉɪɚɮɬɫɭ ɢɧɞɨɥɨɜ ɢ ɩɢɪɪɨɥɨɜ ɤ 

ɩɪɨɢɡɜɨɞɧɵɦ ɤɭɦɚɪɢɧɨɜ ɜ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɦ ɜɚɪɢɚɧɬɟ ɤɚɬɚɥɢɡɨɦ ɤɨɦɩɥɟɤɫɚɦɢ Cu(OTf)2 c ɯɢɪɚɥɶɧɵɦɢ 
ɛɢɫ(ɨɤɫɚɡɨɥɢɧɨɜɵɦɢ) ɥɢɝɚɧɞɚɦɢ. Ⱦɥɹ ɷɬɨɣ ɪɟɚɤɰɢɢ ɭɞɚɥɨɫɶ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɚɧɬɢɨɦɟɪɧɨɝɨ ɢɡɛɵɬɤɚ 
(ɞɨ 82%). 

Asymmetric Friedel-Crafts reactions of indoles or pyrroles with coumarin-3-carbonylates catalyzed by Cu(OTf)2 

complexes with chiral bis(oxazoline) ligands have been developed. The highest ee (up to 88%) was achieved for indol with a 

nitroderivative of coumarin 3-carboxylate. 

 
ɋɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɮɪɚɝɦɟɧɬ ɢɧɞɨɥɚ ɢ 3,4-ɞɢɝɞɪɨɤɭɦɚɪɢɧɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɨɣ 

ɢɧɬɟɪɟɫ ɞɥɹ ɦɟɞɢɰɢɧɵ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɦɧɨɝɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɟɭɞɢɜɢɬɟɥɶɧɨ, ɱɬɨ ɞɟɥɚɸɬɫɹ ɩɨɩɵɬɤɢ ɨɛɴɟɞɢɧɢɬɶ ɷɬɢ ɫɬɪɭɤɬɭɪɵ ɜ ɨɞɧɭ 
ɦɨɥɟɤɭɥɭ [1-7]. Ɍɚɤɢɟ ɪɟɚɤɰɢɢ ɩɪɨɜɨɞɢɥɢ ɤɚɤ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ [1-6], ɬɚɤ ɢ ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɨɦ 
ɜɚɪɢɚɧɬɚɯ [7]. ɇɚɪɹɞɭ ɫ ɢɧɞɨɥɨɦ ɢɡɭɱɚɟɬɫɹ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɧɨɛɨɝɚɳёɧɧɵɯ 
ɦɨɥɟɤɭɥ. 

 

 
 

Ɋɢɫ. 1. Ʉɨɦɩɥɟɤɫɵ Sc(OTf)3 ɢ In(OTf)3 c R-PyBOX ɥɢɝɚɧɞɚɦɢ, Cu(OTf)2 c R-BOX ɥɢɝɚɧɞɚɦɢ ɢ 
ɝɟɬɟɪɨɝɟɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ PS-i-Pr-Box∙Cu(OTf)2. 

 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɪɟɚɤɰɢɢ Ɏɪɢɞɟɥɹ-

Ʉɪɚɮɬɫɚ/ Ɇɢɯɚɷɥɹ ɦɟɠɞɭ ɢɧɞɨɥɨɦ ɢ 3-ɤɚɪɛɨɚɥɤɨɤɫɢɤɭɦɚɪɢɧɚɦɢ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɦɢ, ɩɪɢ 
ɤɚɬɚɥɢɡɟ ɯɢɪɚɥɶɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɫɤɚɧɞɢɹ Sc(OTf)3∙R-PyBOX, ɢɧɞɢɹ In(OTf)3∙R-PyBOX ɢ ɦɟɞɢ 
Cu(OTf)2∙R-BOX (Ɋɢɫ. 1). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɢɫ(ɨɤɫɚɡɨɥɢɧɨɜɵɟ) ɥɢɝɚɧɞɵ (BOX ɢ PyBOX– ɥɢɝɚɧɞɵ) 
ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɱɢɫɥɭ ɩɪɢɜɢɥɟɝɢɪɨɜɚɧɧɵɯ [8] ɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɪɟɚɤɰɢɢ Ɏɪɢɞɟɥɹ-Ʉɪɚɮɬɫɚ [9-14]. Ɍɚɤɠɟ ɧɚɦɢ ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ ɝɟɬɟɪɨɝɟɧɧɵɣ 
ɤɚɬɚɥɢɡɚɬɨɪ PS-i-Pr-BOX-Cu(OTf)2 [15] (Ɋɢɫ. 1). 
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Ɋɟɚɤɰɢɹ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɢɧɞɨɥɚ ɤ 3-ɤɚɪɛɨɷɬɨɤɫɢɤɭɦɚɪɢɧɭ, ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ 
ɯɢɪɚɥɶɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ In(OTf)3∙R-PyBOX, ɢɞɟɬ ɫ ɭɦɟɪɟɧɧɵɦɢ ɜɵɯɨɞɚɦɢ (44-61%) ɡɚ 48-96 
ɱɚɫɨɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦ ee (6-23%). Ɂɧɚɱɟɧɢɹ ɜɵɯɨɞɨɜ ɪɟɚɤɰɢɢ 
ɩɪɢ ɤɚɬɚɥɢɡɟ ɤɨɦɩɥɟɤɫɚɦɢ Sc(OTf)3∙R-PyBOX ɜ ɰɟɥɨɦ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɤɚɬɚɥɢɡɟ ɤɨɦɩɥɟɤɫɚɦɢ 
In(OTf)3∙R-PyBOX, ɞɨɫɬɢɝɚɹ 91% ɞɥɹ ɤɨɦɩɥɟɤɫɚ Sc(OTf)3∙In-PyBOX, ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɠɟ 
ɨɫɬɚɟɬɫɹ ɧɚ ɩɪɟɠɧɟɦ ɭɪɨɜɧɟ ɢ ɫɨɫɬɚɜɥɹɟɬ 8-17% ee. ɉɪɢ ɤɚɬɚɥɢɡɟ ɪɟɚɤɰɢɢ ɤɨɦɩɥɟɤɫɨɦ 
Cu(OTf)2∙R-BOX ɭɞɚɟɬɫɹ ɞɨɫɬɢɱɶ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ɟɟ. 

 

 
 

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ Cu(OTf)2∙t-Bu-BOX ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɜɥɢɹɧɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɨɥɨɠɟɧɢɢ 5, ɚ ɬɚɤɠɟ N-ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɢɧɞɨɥɚ ɢ ɜ ɲɟɫɬɨɦ 
ɩɨɥɨɠɟɧɢɢ 3-ɤɚɪɛɨɷɬɨɤɫɢɤɭɦɚɪɢɧɨɜ ɜ ɪɟɚɤɰɢɢ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɝɨ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɧɞɨɥɚ. 
ɉɪɢɪɨɞɚ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 5 ɩɨɥɨɠɟɧɢɢ ɢɧɞɨɥɚ ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɜɵɯɨɞ ɢ 
ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ. ȼɜɟɞɟɧɢɟ ɦɟɬɨɤɫɢ-ɝɪɭɩɩɵ ɜ ɱɟɬɜɟɪɬɨɟ ɩɨɥɨɠɟɧɢɟ ɢɧɞɨɥɚ 
ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɡɚɦɟɞɥɟɧɢɸ ɪɟɚɤɰɢɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɪɟɚɤɰɢɢ N-ɦɟɬɢɥɢɧɞɨɥɚ 
ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɩɨɜɵɲɟɧɢɟ ɜɵɯɨɞɚ ɞɨ 81%, ɩɪɢ ɷɬɨɦ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɧɟ 
ɦɟɧɹɟɬɫɹ, ɢ ɫɨɫɬɚɜɥɹɟɬ 63%. ȼɜɟɞɟɧɢɟ ɚɤɰɟɩɬɨɪɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ (Cl, NO2) ɜ ɲɟɫɬɨɟ ɩɨɥɨɠɟɧɢɟ 
3-ɤɚɪɛɨɷɬɨɤɫɢɤɭɦɚɪɢɧɚ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɷɧɚɧɬɢɨɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɞɨ 82% ɞɥɹ 6-NO2-
ɡɚɦɟɳɟɧɧɨɝɨ 3-ɤɚɪɛɨɷɬɨɤɫɢɤɭɦɚɪɢɧɚ, ɩɪɢ ɷɬɨɦ ɜɵɯɨɞɵ ɨɫɬɚɸɬɫɹ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ, ɩɨɜɵɲɚɹɫɶ ɞɨ 
59% ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ N-ɦɟɬɢɥɢɧɞɨɥɚ ɢ ɡɚɦɟɳɟɧɧɨɝɨ ɩɨ 6 ɩɨɥɨɠɟɧɢɸ ɚɬɨɦɨɦ ɯɥɨɪɚ 3-
ɤɚɪɛɨɷɬɨɤɫɢɤɭɦɚɪɢɧɚ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɪɟɚɤɰɢɣ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɬɨɥɶɤɨ 
ɬɪɚɧɫ-ɞɢɚɫɬɟɪɟɨɦɟɪɚ. 

Ⱦɥɹ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ Ɏɪɢɞɟɥɸ-Ʉɪɚɮɬɫɭ ɢɧɞɨɥɨɜ ɢ ɩɢɪɪɨɥɨɜ ɤ 
ɩɪɨɢɡɜɨɞɧɵɦ ɤɭɦɚɪɢɧɨɜ ɭɞɚɟɬɫɹ ɞɨɫɬɢɱɶ ɷɧɚɧɬɢɨɦɟɪɧɨɝɨ ɢɡɛɵɬɤɚ ɞɨ 82%. ȼɵɯɨɞɵ ɠɟ ɩɪɢ ɷɬɨɦ 
ɨɫɬɚɸɬɫɹ ɭɦɟɪɟɧɧɵɦɢ ɢɥɢ ɧɢɡɤɢɦɢ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɢɡɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɧɵɯ ɤɭɦɚɪɢɧɨɜ. 
Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɪɚɧɟɟ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɩɢɫɚɧ ɥɢɲɶ ɧɟɚɫɢɦɦɟɬɪɢɱɟɫɤɢɣ ɜɚɪɢɚɧɬ ɪɟɚɤɰɢɢ ɢɧɞɨɥɚ 
ɫ 3-ɤɚɪɛɨɷɬɨɤɫɢɤɭɦɚɪɢɧɨɦ [2] ɢ 3-ɤɚɪɛɨɦɟɬɨɤɫɢɤɭɦɚɪɢɧɨɦ [6]. 
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ɉɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɩɨɥɭɱɟɧɢɸ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 2-ɚɦɢɧɨ-3-ɰɢɚɧɨ-4ɇ-ɯɪɨɦɟɧɚ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɮɥɨɪɨɝɥɸɰɢɧɚ ɫ ɚɪɢɥɦɟɬɢɥɢɞɟɧɦɚɥɨɧɨɧɢɬɪɢɥɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɫɧɨɜɚɧɢɹ. 
A new approach to the synthesis of condensed 2-amino-3-cyano-4H-chromenes, was proposed. The approad is based on 

the reaction of phloroglucinol with arylmethylidene malononitriles in the presence of base. 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɚɥɨɧɨɧɢɬɪɢɥɚ ɫ ɚɥɶɞɟɝɢɞɚɦɢ (ɢɥɢ ɩɪɨɞɭɤɬɚɦɢ ɢɯ ɤɨɧɞɟɧɫɚɰɢɢ 1) ɢ 
ɧɚɮɬɨɥɚɦɢ/ɚɤɬɢɜɧɵɦɢ ɮɟɧɨɥɚɦɢ ɹɜɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ 
ɩɪɨɢɡɜɨɞɧɵɯ 4ɇ-ɯɪɨɦɟɧɚ [1]. Ɉɞɧɚɤɨ ɜ ɥɢɬɟɪɚɬɭɪɟ ɟɫɬɶ ɥɢɲɶ ɟɞɢɧɢɱɧɵɟ ɭɩɨɦɢɧɚɧɢɹ ɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɪɢɥɦɟɬɢɥɟɧɦɚɥɨɧɨɧɢɬɪɢɥɨɜ 2 ɫ ɬɚɤɢɦ ɚɤɬɢɜɧɵɦ ɮɟɧɨɥɨɦ, ɤɚɤ ɮɥɨɪɨɝɥɸɰɢɧ 1. 
ɇɟɞɚɜɧɨ ɛɵɥɨ ɨɩɢɫɚɧɨ ɤɚɬɚɥɢɡɢɪɭɟɦɨɟ ɫɨɞɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɢɧɢɬɪɢɥɚ ɫ ɮɟɧɨɥɨɦ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɢɜɨɞɹɳɟɟ ɤ 5,7-ɞɢɝɢɞɪɨɤɫɢ-4ɇ-ɯɪɨɦɟɧɚɦ [2]. ȼ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ZnCl2 
ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 2 ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɸ ɏёɲɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 5,7-ɞɢɝɢɞɪɨɤɫɢɮɥɚɜɨɧɨɜ [3]. Ɇɵ 
ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 2:1 ɞɢɧɢɬɪɢɥɵ 2 ɢ ɮɥɨɪɨɝɥɸɰɢɧ 1 ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɜ ɭɫɥɨɜɢɹɯ 
ɨɫɧɨɜɧɨɝɨ ɤɚɬɚɥɢɡɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟ ɨɩɢɫɚɧɧɵɯ ɪɚɧɟɟ ɚɧɝɭɥɹɪɧɵɯ 2,8-ɞɢɚɦɢɧɨ-4ɇ-ɩɢɪɚɧɨ[2,3-
f]ɯɪɨɦɟɧ-5-ɨɥ-3,9-ɞɢɤɚɪɛɨɧɢɬɪɢɥɨɜ 4. ɉɨɫɤɨɥɶɤɭ ɜ əɆɊ ɫɩɟɤɬɪɚɯ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɭɞɜɨɟɧɢɟ 
ɫɢɝɧɚɥɨɜ 4ɇ-ɩɢɪɚɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɩɪɨɞɭɤɬɚɦ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɩɢɫɚɧɚ ɫɢɦɦɟɬɪɢɱɧɚɹ 
ɥɢɧɟɚɪɧɚɹ ɫɬɪɭɤɬɭɪɚ 5.  

 
Ar = Ph, 4-MeOC6H4, 4-BrC6H4, 3-Py, 4-(PhCOO)Ph. 
 
ɋɬɪɨɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 4 ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɚɧɧɵɦɢ ɂɄ-, 1ɇ ɢ 13ɋ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ 

ȼɗɀɏ-Ɇɋ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 4 ɹɜɥɹɟɬɫɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɚɹ 
ɪɟɚɤɰɢɹ ɦɚɥɨɧɨɧɢɬɪɢɥɚ, ɚɥɶɞɟɝɢɞɨɜ ɢ ɮɥɨɪɨɝɥɸɰɢɧɚ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɜɜɨɞɢɬɶ ɜ 
ɪɟɚɤɰɢɸ ɬɚɤɠɟ ɢ ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɚɥɶɞɟɝɢɞɵ. 
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Ɋɟɚɤɰɢɟɣ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɜɢɧɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɢ ɞɚɥɶɧɟɣɲɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɟɣ ɢɡ 2-ɛɟɧɡɨɢɥ-1-

(ɦɨɪɮɨɥɢɧ-4-ɢɥ)ɰɢɤɥɨɩɟɧɬ-1-ɟɧɚ ɢ ɪɚɡɥɢɱɧɵɯ ɋɇ-ɤɢɫɥɨɬ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɡɚɦɟɳɟɧɧɵɟ 
ɰɢɤɥɨɩɟɧɬɚ[c]ɩɢɪɢɞɢɧɵ. 

Reaction of nucleophilic vinyl substitution and further intramolecular cyclization from the 2-benzoyl-1-(morpholin-4-

yl)cyclopent-1-ene and various CH-acids in the alkaline medium yielded new substituted cyclopenta[c]pyridines. 

 
ɐɢɤɥɨɩɟɧɬɚ[c]ɩɢɪɢɞɢɧɨɜɵɣ ɫɤɟɥɟɬ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ 

ɦɨɧɨɬɟɪɩɟɧɨɜɵɯ ɚɥɤɚɥɨɢɞɨɜ [1], ɱɬɨ ɫɬɢɦɭɥɢɪɭɟɬ ɫɢɧɬɟɡ ɢ ɢɡɭɱɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɞɚɧɧɨɝɨ 
ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɨɞɨɛɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɰɢɤɥɨɩɟɧɬɚ[c]ɩɢɪɢɞɢɧɨɜ ɪɟɚɤɰɢɟɣ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɜɢɧɢɥɶɧɨɝɨ 
ɡɚɦɟɳɟɧɢɹ ɢ ɞɚɥɶɧɟɣɲɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɟɣ ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɧɬɟɪɦɟɞɢɚɬɨɜ. ɉɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɰɢɥɢɪɨɜɚɧɧɨɝɨ ɟɧɚɦɢɧɚ 1 ɫ ɋɇ-ɤɢɫɥɨɬɚɦɢ – ɞɢɦɟɪɨɦ ɦɚɥɨɧɨɞɢɧɢɬɪɢɥɚ 2 ɢ 
ɛɟɧɡɢɦɢɞɚɡɨɥɚɰɟɬɨɧɢɬɪɢɥɨɦ 3 ɜ ɨɫɧɨɜɧɨɣ ɫɪɟɞɟ ɨɛɪɚɡɭɸɬɫɹ ɡɚɦɟɳɟɧɧɵɟ 
ɰɢɤɥɨɩɟɧɬɚ[c]ɩɢɪɢɞɢɧɵ 4 ɢ 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɚɥɶɧɟɣɲɟɟ ɢɡɭɱɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɫɨɟɞɢɧɟɧɢɹ 4 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɟɝɨ ɯɥɨɪɚɰɟɬɚɧɢɥɢɞɨɦ 6 ɨɛɪɚɡɭɟɬɫɹ ɋ-
ɚɥɤɢɥɩɪɨɢɡɜɨɞɧɨɟ 7. ȼɟɪɨɹɬɧɨ, ɬɚɤɚɹ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɫɜɹɡɚɧɚ ɫ ɞɟɥɨɤɚɥɢɡɚɰɢɟɣ 
ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɧɚ ɦɚɥɨɧɨɧɢɬɪɢɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ, ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɜɵɝɨɞɧɨɫɬɶɸ 
ɨɛɪɚɡɨɜɚɧɢɹ ɋ–ɋ-ɫɜɹɡɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ C–N, ɚ ɬɚɤɠɟ ɚɪɨɦɚɬɢɡɚɰɢɟɣ ɩɢɪɢɞɢɧɨɜɨɝɨ ɹɞɪɚ. 
Ɉɛɪɚɛɨɬɤɚ ɪɚɫɬɜɨɪɚ ɫɨɟɞɢɧɟɧɢɹ 7 ɜ ȾɆɎȺ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɳɟɥɨɱɢ ɩɪɢɜɟɥɚ ɤ ɪɟɚɥɢɡɚɰɢɢ 
ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɧɟɱɧɨɣ ɫɬɪɭɤɬɭɪɵ 1-ɚɦɢɧɨ-N-(4-ɛɪɨɦɮɟɧɢɥ)-
3,3-ɞɢɰɢɚɧɨ-5-ɮɟɧɢɥ-3,6,7,8-ɬɟɬɪɚɝɢɞɪɨɞɢɰɢɤɥɨɩɟɧɬɚ[b, d]ɩɢɪɢɞɢɧ-2-ɤɚɪɛɨɤɫɚɦɢɞɚ 8 (ɫɯɟɦɚ 1): 

 
ɋɯɟɦɚ 1. ɋɢɧɬɟɡ ɡɚɦɟɳɟɧɧɵɯ ɰɢɤɥɨɩɟɧɬɚ[c]ɩɢɪɢɞɢɧɨɜ 

 
ɋɬɪɨɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɚɧɧɵɦɢ ɂɄ-, ɦɚɫɫ-, əɆɊ1ɇ- ɢ 13ɋ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 
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Ɉɩɢɫɚɧ ɧɨɜɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɩɪɨɢɡɜɨɞɧɵɯ ɩɢɪɪɨɥɨ[2,1-ɚ]ɢɡɨɯɢɧɨɥɢɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɨɦɢɧɨ-ɪɟɚɤɰɢɣ 3,4-

ɞɢɝɢɞɪɨ-1-ɚɪɨɢɥɢɡɨɯɢɧɨɥɢɧɨɜ ɫ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɚɥɤɢɧɚɦɢ ɜ ɚɩɪɨɬɨɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ.  
A new method for the synthesis of pyrrolo[2,1-a]isoquinolines derivatives as a result of domino reactions of 3,4-

dihydro-1-aroylisoquinolines with symmetric alkynes in aprotic solvents is described. 

 

ɉɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, 
ɫɥɟɞɫɬɜɢɟɦ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɢɧɬɟɪɟɫɚ ɤ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ 
ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɷɬɨɝɨ ɬɢɩɚ. Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɚ ɨɩɢɫɚɧɚ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɚɹ ɪɟɚɤɰɢɹ 
3,4-ɞɢɝɢɞɪɨ-1-ɚɪɨɢɥɢɡɨɯɢɧɨɥɢɧɨɜ ɫ ɬɟɪɦɢɧɚɥɶɧɵɦɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɢɧɚɦɢ ɜ ɫɩɢɪɬɚɯ, ɜ 
ɤɨɬɨɪɨɣ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɩɪɨɢɡɜɨɞɧɵɟ 3,4-ɞɢɝɢɞɪɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɨɜ [1]. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɫ ɬɚɤɢɦɢ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɚɥɤɢɧɚɦɢ, ɤɚɤ 
ɞɢɦɟɬɢɥɚɰɟɬɢɥɟɧɞɢɤɚɪɛɨɤɫɢɥɚɬ, ɞɢɷɬɢɥɚɰɟɬɢɥɟɧɞɢɤɚɪɛɨɤɫɢɥɚɬ ɢ ɞɢɛɟɧɡɨɢɥɚɰɟɬɢɥɟɧ, ɜ 
ɚɩɪɨɬɨɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɧɚɦɢ ɨɛɧɚɪɭɠɟɧɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɜɪɚɳɟɧɢɣ. 
Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɨɢɡɜɨɞɧɵɟ ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɨɜ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɚɦɢ ɫɤɟɥɟɬɧɨɣ 
ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɫ ɩɟɪɟɧɨɫɨɦ ɚɪɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɟ 10ɚ. Ɉɩɬɢɦɢɡɚɰɢɸ ɫɢɧɬɟɡɚ 
ɨɫɭɳɟɫɬɜɥɹɥɢ, ɢɫɩɨɥɶɡɭɹ ɪɟɚɤɰɢɸ ɞɪɨɬɚɜɟɪɚɥɶɞɢɧɚ ɫ ɞɢɦɟɬɢɥɚɰɟɬɢɥɟɧɞɢɤɚɪɛɨɤɫɢɥɚɬɨɦ. ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɷɮɢɪɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɥɢ ɩɪɢ 20ºɋ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧ ɛɵɥ ɩɨɥɭɱɟɧ ɫ ɜɵɯɨɞɨɦ 23%. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜ 
ɤɢɩɹɳɢɯ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɢ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜɵɯɨɞ ɭɜɟɥɢɱɢɥɫɹ ɞɨ 35% ɢ 73%, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚɣɞɟɧɧɵɟ ɭɫɥɨɜɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɟɚɤɰɢɹɯ 1-ɛɟɧɡɨɢɥɢɡɨɯɢɧɨɥɢɧɨɜ 1-3 ɫ 
ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɚɥɤɢɧɚɦɢ. 

 

 
 

ɇɚ ɩɪɢɦɟɪɟ ɪɟɚɤɰɢɢ ɤɨɧɞɟɧɫɚɰɢɢ 2,3-ɞɢɛɟɧɡɨɢɥɶɧɵɯ ɩɢɪɪɨɥɨ[2,1-ɚ]ɢɡɨɯɢɧɨɥɢɧɨɜ 6, 9, 12 ɫ 
ɝɢɞɪɚɡɢɧɨɦ ɜ ɷɬɚɧɨɥɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ 
ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɩɢɪɢɞɚɡɢɧɨɩɢɪɪɨɥɨ[2,1-ɚ]ɢɡɨɯɢɧɨɥɢɧɨɜ. ɋɬɪɨɟɧɢɟ ɜɫɟɯ ɫɨɟɞɢɧɟɧɢɣ 
ɨɞɧɨɡɧɚɱɧɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɚɧɧɵɦɢ əɆɊ 1H ɢ 13C ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɚ ɞɥɹ 
ɫɨɟɞɢɧɟɧɢɣ 4 ɢ 12 ɦɟɬɨɞɨɦ ɊɋȺ (ɪɢɫ.1 ɢ ɪɢɫ.2). 
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ɂɡɭɱɟɧɵ ɧɨɜɵɟ ɪɟɚɤɰɢɢ ɤɫɚɧɬɚɧɨɜɨɝɨ ɜɨɞɨɪɨɞɚ – ɪɟɚɤɰɢɹ ɚɦɢɧɨɦɟɬɢɥɢɪɨɜɚɧɢɹ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɩɪɨɢɡɜɨɞɧɵɯ [1,2,4]ɞɢɬɢɚɡɨɥɨ-ɫɢɦɦ-ɬɪɢɚɡɢɧɚ, ɢ ɪɟɚɤɰɢɹ ɪɟɰɢɤɥɢɡɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɢɰɢɚɧɞɢɚɦɢɞɚ, ɩɪɢɜɨɞɹɳɚɹ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɢɡɜɨɞɧɨɝɨ 1,3,5-ɬɢɚɞɢɚɡɢɧɚ. 

New reactions of xanthane hydride have been studied. The aminomethylation of xanthane hydride leads to the formation 

of [1,2,4]dithiazolo-symm-triazine, and recyclization upon treatment with dicyanodiamide affords to 1,3,5-thiadiazines. 

 

Ʉɫɚɧɬɚɧɨɜɵɣ ɜɨɞɨɪɨɞ 1 (ɢɡɨɩɟɪɬɢɨɰɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ, 5-ɚɦɢɧɨ-1,2,4-ɞɢɬɢɚɡɨɥɢɧ-3-ɬɢɨɧ) 
ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɨɪɝɚɧɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɟɦ, ɩɨɥɭɱɟɧɧɵɦ Ɏɪɢɞɪɢɯɨɦ ȼёɥɟɪɨɦ ɢɡ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ (HCl ɢ ɬɢɨɰɢɚɧɚɬɚ ɪɬɭɬɢ) [1, 2]. Ȼɥɚɝɨɞɚɪɹ ɥɟɝɤɨɫɬɢ 
ɩɨɥɭɱɟɧɢɹ, ɞɟɲɟɜɢɡɧɟ ɢ ɧɟɬɨɤɫɢɱɧɨɫɬɢ, ɤɫɚɧɬɚɧɨɜɵɣ ɜɨɞɨɪɨɞ ɧɚɲɟɥ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɪɟɚɝɟɧɬɚ ɞɥɹ ɩɟɪɟɧɨɫɚ ɫɟɪɵ ɩɪɢ ɜɭɥɤɚɧɢɡɚɰɢɢ ɪɟɡɢɧɵ, ɜ ɫɭɥɶɮɭɪɢɡɚɰɢɢ 
ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, ɜ ɫɢɧɬɟɡɟ ɩɪɨɢɡɜɨɞɧɵɯ ɪɹɞɚ ɬɢɚɞɢɚɡɨɥɚ ɢ ɞɢɬɢɚɡɨɥɚ [2, 3], ɜ ɤɚɱɟɫɬɜɟ  
ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɚɝɟɧɬɚ [4]. ɂɡ ɥɢɬɟɪɚɬɭɪɵ [3] ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɫɚɧɬɚɧɨɜɵɣ ɜɨɞɨɪɨɞ ɪɟɚɝɢɪɭɟɬ 
ɫ ɚɦɢɧɚɦɢ, ɨɛɪɚɡɭɹ ɬɢɨɛɢɭɪɟɬɵ ɢ ɞɢɬɢɨɛɢɭɪɟɬɵ, ɫ ɩɨɛɨɱɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɟɪɵ; 
ɩɪɢ ɧɚɥɢɱɢɢ ɡɚɦɟɫɬɢɬɟɥɹ ɜɨ 2-ɦ ɩɨɥɨɠɟɧɢɢ ɤ ɚɦɢɧɨɝɪɭɩɩɟ, ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɨɝɨ 
ɰɢɤɥɚ.  

ɇɚɦɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ Ɇɚɧɧɢɯɚ ɜ ɫɥɚɛɨɨɫɧɨɜɧɨɣ ɫɪɟɞɟ 
ɤɫɚɧɬɚɧɨɜɵɣ ɜɨɞɨɪɨɞ ɚɦɢɧɨɦɟɬɢɥɢɪɭɟɬɫɹ ɩɟɪɜɢɱɧɵɦɢ ɚɦɢɧɚɦɢ ɢ ɇɋɇɈ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɨɜɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ [1,2,4]ɞɢɬɢɚɡɨɥɨ-ɫɢɦɦ-ɬɪɢɚɡɢɧɚ 2. ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɫɦɟɫɢ ɤɫɚɧɬɚɧɨɜɨɝɨ ɜɨɞɨɪɨɞɚ ɫ 
ɞɢɰɢɚɧɞɢɚɦɢɞɨɦ ɜ ɫɩɢɪɬɟ ɨɛɪɚɡɭɟɬɫɹ ɪɚɧɟɟ ɧɟ ɨɩɢɫɚɧɧɨɟ ɩɪɨɢɡɜɨɞɧɨɟ 1,3,5-ɬɢɚɞɢɚɡɢɧɚ 3 (ɋɯɟɦɚ 
1). ɋɬɪɨɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 2,3 ɩɨɞɬɜɟɪɠɞɟɧɨ ɤɨɦɩɥɟɤɫɨɦ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ (ɂɄ, ȼɗɀɏ-Ɇɋ, 
əɆɊ). 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɟɬɨɞɨɦ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɦɢ ɩɨɥɭɱɟɧɵ 

ɤɫɟɪɨɝɟɥɢ ɧɚ ɨɫɧɨɜɟ 1,2-ɛɢɫ(5-ɬɪɢɷɬɨɤɫɢɫɢɥɢɥ-3-ɬɢɨɩɟɧɬɨɤɫɢ)ɷɬɚɧɚ, ɤɨɬɨɪɵɟ ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɫɨɪɛɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɚɬɢɨɧɵ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ. 

In the present work, xerogels based on 1,2-bis(5-triethoxysilyl-3-thiopentoxy)ethane have been obtained in a variety of 

conditions by hydrolytic polycondensation, which in the future will be used to create new composite sorption materials for 

cations of various metals. 

 
Ʉɫɟɪɨɝɟɥɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ ɩɥɨɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɜɵɫɭɲɢɜɚɧɢɢ ɜɥɚɠɧɵɯ 

ɝɟɥɟɣ ɩɪɢ ɨɛɵɱɧɨɦ ɞɚɜɥɟɧɢɢ ɫɨ ɫɬɟɩɟɧɶɸ ɭɫɚɞɤɢ ɛɨɥɟɟ 30 ɩɪɨɰɟɧɬɨɜ, ɫ ɩɨɬɟɪɟɣ ɦɚɤɪɨɩɨɪɢɫɬɨɣ ɢ 
ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɦɢɤɪɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ. 

ȼɚɠɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɷɤɨɥɨɝɢɢ ɢ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɜɹɡɵɜɚɧɢɟ ɤɚɬɢɨɧɨɜ 
ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɉɨɞɯɨɞɹɳɢɟ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɦɚɬɟɪɢɚɥɵ 
ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢ ɪɚɞɢɨɯɢɦɢɢ. ȼ ɧɚɫɬɨɹɳɟɣ 
ɪɚɛɨɬɟ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɦɟɬɨɞɚɦɢ ɤɥɢɤ-ɯɢɦɢɢ ɢ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ 
ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɧɨɜɵɯ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɤɫɟɪɨɝɟɥɟɣ ɧɚ ɨɫɧɨɜɟ 1,2-ɛɢɫ(5-ɬɪɢɷɬɨɤɫɢɫɢɥɢɥ-3-
ɬɢɨɩɟɧɬɨɤɫɢ)ɷɬɚɧɚ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɤɨɦɩɨɡɢɬɧɵɯ ɫɨɪɛɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɚɬɢɨɧɵ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ. 

1,2-ɛɢɫ(5-ɬɪɢɷɬɨɤɫɢɫɢɥɢɥ-3-ɬɢɨɩɟɧɬɨɤɫɢ)ɷɬɚɧ ɛɵɥ ɩɨɥɭɱɟɧ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
2,2’-(ɷɬɢɥɟɧɞɢɨɤɫɢ)ɞɢɷɬɚɧɬɢɨɥɚ ɢ ɜɢɧɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧɚ ɜ ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɜɵɯɨɞɨɦ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ ɫɯɟɦɟ 
ɪɟɚɤɰɢɢ (ɫɯɟɦɚ 1): 
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ɋɯɟɦɚ 1. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 2,2’-(ɷɬɢɥɟɧɞɢɨɤɫɢ)ɞɢɷɬɚɧɬɢɨɥɚ ɢ ɜɢɧɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧɚ 

Ɇɟɬɨɞ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɫɟɝɨɝɟɥɟɣ ɫɨɫɬɨɹɥ ɢɡ ɬɪɟɯ ɫɬɚɞɢɣ (ɪɢɫ. 1): ɫɬɚɞɢɢ ɝɢɞɪɨɥɢɡɚ, ɫɬɚɞɢɢ 
ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɫɬɚɞɢɢ ɭɞɚɥɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɟɪɜɚɹ ɫɬɚɞɢɹ (ɝɢɞɪɨɥɢɡ) ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɷɬɚɧɨɥɟ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ 0.1N HCl. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɝɢɞɪɨɥɢɡ ɬɪɢɷɬɨɤɫɢɫɢɥɢɥɶɧɵɯ ɝɪɭɩɩ ɢ 
ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɪɨɞɵɲɟɣ ɡɨɥɹ. ȼɬɨɪɚɹ ɫɬɚɞɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 1N ɜɨɞɧɨɝɨ ɚɦɦɢɚɤɚ. ɇɚ 
ɷɬɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɭɤɪɭɩɧɟɧɢɟ ɢ ɤɨɧɞɟɧɫɚɰɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɡɨɥɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɟɥɹ. 
ɍɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 50 °ɋ ɜ ɬɟɱɟɧɢɟ 12 ɱɚɫɨɜ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɪɨɦɵɜɚɧɢɹ ɝɟɥɹ ɷɬɚɧɨɥɨɦ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 60 °ɋ ɜ ɬɟɱɟɧɢɟ 24 ɱɚɫɨɜ. 

 
Ɋɢɫ. 1. ɋɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɫɟɪɨɝɟɥɟɣ (ɫɧɢɦɤɢ ɋɗɆ) 
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ɉɨɥɭɱɟɧɧɵɟ ɝɟɥɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɭɩɪɭɝɢɟ ɦɚɬɟɪɢɚɥɵ ɛɟɥɨɝɨ ɢɥɢ ɫɜɟɬɥɨ-ɠɟɥɬɨɝɨ ɰɜɟɬɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ. Ɍɟɪɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 180 °ɋ. ɉɪɢ ɛɨɥɶɲɟɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɬɟɩɟɧɧɨ ɬɟɪɹɸɬ ɜ ɦɚɫɫɟ, ɫɨɯɪɚɧɹɹ ɮɨɪɦɭ ɢ ɨɛɴɟɦ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ƚɪɚɧɬɚ Ɇɢɧɨɛɪɧɚɭɤɢ ɊɎ, ɩɪɨɟɤɬ № 

4.8063.2017 
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ɍȾɄ 547.87  
 

ɄȺɌȺɅɂɌɂɑȿɋɄɂɃ ɆȿɌɈȾ ɋɂɇɌȿɁȺ 2,9-Ⱦɂ(ɐɂɄɅɈ)ȺɅɄɂɅ-2,3ɚ,7b,9,10a,14b-

ȽȿɄɋȺȺɁȺɉȿɊȽɂȾɊɈȾɂȻȿɇɁɈɌȿɌɊȺɐȿɇɈȼ  
 

ȼ.ɘ. Ʉɢɪɫɚɧɨɜ, ȿ.Ȼ. Ɋɚɯɢɦɨɜɚ, Ⱥ.Ƚ. ɂɛɪɚɝɢɦɨɜ, ɍ.Ɇ. Ⱦɠɟɦɢɥɟɜ  
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ  

ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 450075, ɍɮɚ, ɩɪ. Ɉɤɬɹɛɪɹ, 141. 
ɟ-mail: rakhimovaelena@mail.ru 

 
Ɋɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ 2,9-ɞɢ(ɰɢɤɥɨ)ɚɥɤɢɥ-2,3ɚ,7b,9,10a,14b-

ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɨɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɟɣ N,N-ɛɢɫ(ɦɟɬɨɤɫɢɦɟɬɢɥ)-N-ɚɥɤɢɥɚɦɢɧɨɜ ɢɥɢ 
ɪɟɰɢɤɥɢɡɚɰɢɟɣ 1,3,5-ɬɪɢɰɢɤɥɨɚɥɤɢɥ-1,3,5-ɬɪɢɚɡɢɧɨɜ ɫ ɩɟɪɝɢɞɪɨɬɟɬɪɚɚɡɚɬɟɬɪɚɰɟɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɥɟɣ ɢ ɤɨɦɩɥɟɤɫɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

An efficient catalytic method for the synthesis of 2,9-di(cyclo)alkyl-2,3ɚ,5ɚ,7,8ɚ,10ɚ,14b-

hexaazaperhydrodibenzotetracenes by the intermolecular cyclization of N,N-bis(methoxymetyl)-N-alkylamines or ring 

transformation reaction of 1,3,5-tricycloalkyl-1,3,5-triazines with perhydrotetraazatetracene in the presence of catalysts 

based on salts and complexes of transition metals and rare earth elements has been developed. 

 
ɂɧɬɟɪɟɫ ɤ ɫɢɧɬɟɡɭ ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɩɨɥɢɚɡɚɩɨɥɢɰɢɤɥɨɜ ɜɵɡɜɚɧ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɨɟɞɢɧɟɧɢɣ-ɤɚɧɞɢɞɚɬɨɜ ɞɥɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɢ 
ɚɝɪɨɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɤɚɤ ɨɛɴɟɤɬɨɜ ɜ ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɨɣ ɯɢɦɢɢ. Ɋɚɧɟɟ ɧɚɦɢ 
ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ ɤ ɫɢɧɬɟɡɭ 2,7-ɞɢɡɚɦɟɳɟɧɧɵɯ-2,3ɚ,5ɚ,7,8ɚ,10ɚ-
ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɩɢɪɟɧɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɟɣ 1,4,5,8-ɬɟɬɪɚɚɡɚɞɟɤɚɥɢɧɚ ɫ 
ɛɢɫ(ɦɟɬɨɤɫɢɦɟɬɢɥ)ɚɥɤɢɥɚɦɢɧɚɦɢ [1] ɢ 1,3,5-ɬɪɢɰɢɤɥɨɚɥɤɢɥ-1,3,5-ɬɪɢɚɡɢɧɚɦɢ [2]. 

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɩɪɨɜɨɞɢɦɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ 
ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɩɨɥɢɚɡɚɩɨɥɢɰɢɤɥɨɜ ɦɵ ɢɡɭɱɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɪɟɚɤɬɨɪɧɨɝɨ 
ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ 2,9-ɞɢɡɚɦɟɳɟɧɧɵɯ ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɨɜ. ɍɫɬɚɧɨɜɢɥɢ, ɱɬɨ 
ɛɢɫ(ɦɟɬɨɤɫɢɦɟɬɢɥ)ɚɥɤɢɥɚɦɢɧɵ ɢɥɢ 1,3,5-ɬɪɢɰɢɤɥɨɚɥɤɢɥ-1,3,5-ɬɪɢɚɡɢɧɵ ɜ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɩɟɪɝɢɞɪɨɬɟɬɪɚɚɡɚɬɟɬɪɚɰɟɧɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɢɡ ɰɢɫ-1,2-
ɞɢɚɦɢɧɨɰɢɤɥɨɝɟɤɫɚɧɚ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ d- ɢ f-ɷɥɟɦɟɧɬɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
2,9-ɞɢ(ɰɢɤɥɨ)ɚɥɤɢɥ-2,3a,7b,9,10a,14b-ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɨɜ ɫ ɜɵɯɨɞɚɦɢ 74–81% 
(ɫɯɟɦɚ 1). Ȼɟɡ ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɟɚɤɰɢɹ ɩɪɨɯɨɞɢɬ ɫ ɜɵɯɨɞɨɦ ɧɟ ɛɨɥɟɟ 10%.  

 
 

ɋɯɟɦɚ 1. 
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ȼ ɫɩɟɤɬɪɚɯ əɆɊ 13ɋ 2,9-ɞɢɡɚɦɟɳɟɧɧɵɯ 2,3a,7b,9,10a,14b-ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɨɜ 
ɭɝɥɟɪɨɞɧɨɦɭ ɝɟɤɫɚɰɢɤɥɢɱɟɫɤɨɦɭ ɤɚɪɤɚɫɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɜɹɬɶ ɫɢɝɧɚɥɨɜ, ɜɨɫɟɦɶ ɢɡ ɤɨɬɨɪɵɯ 
ɪɟɡɨɧɢɪɭɸɬ ɩɨɩɚɪɧɨ ɜɫɥɟɞɫɬɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɫɢɦɦɟɬɪɢɢ ɦɨɥɟɤɭɥɵ ɡɚ ɫɱɟɬ ɬɪɚɧɫ-ɫɨɱɥɟɧɟɧɢɹ 
ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɰɢɤɥɨɝɟɤɫɚɧɨɜɵɯ ɤɨɥɟɰ. Ɉɬɧɟɫɟɧɢɟ ɫɢɝɧɚɥɨɜ ɩɪɨɜɟɞɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɞɜɭɦɟɪɧɵɯ ɝɨɦɨ- (COSY, NOESY) ɢ ɝɟɬɟɪɨɹɞɟɪɧɵɯ (HSQC, HMBC) ɷɤɫɩɟɪɢɦɟɧɬɨɜ əɆɊ. 
ɉɪɟɞɥɨɠɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ ɪɟɝɢɫɬɪɚɰɢɟɣ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɢɤɨɜ ɜ ɦɚɫɫ-ɫɩɟɤɬɪɚɯ 
MALDI TOF/TOF ɫ ɦɚɬɪɢɱɧɨ ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɥɚɡɟɪɧɨɣ ɞɟɫɨɪɛɰɢɟɣ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ. 
ɋɬɪɭɤɬɭɪɚ 2,9-ɞɢɡɚɦɟɳɟɧɧɵɯ ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɨɜ ɛɵɥɚ ɨɞɧɨɡɧɚɱɧɨ ɭɫɬɚɧɨɜɥɟɧɚ 
ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ 1 . ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ (ɪɢɫ. 1), 
ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɨɜɵɣ ɤɚɪɤɚɫ ɫɨɫɬɨɢɬ ɢɡ ɲɟɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɤɨɥɟɰ. Ȼɢɫ-
ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ ɰɢɤɥɨɝɟɤɫɚɧɨɜɵɟ ɰɢɤɥɵ ɢɦɟɸɬ ɬɪɚɧɫ-ɫɨɱɥɟɧɟɧɢɟ, ɚ ɡɚɦɟɫɬɢɬɟɥɢ ɜ 2- ɢ 9-
ɩɨɥɨɠɟɧɢɹɯ ɬɪɚɧɫ-ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. 

 

 
Ɋɢɫ. 1. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ 

2,9-ɞɢɩɪɨɩɢɥ-2,3ɚ,7b,9,10a,14b-ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɚ 

 
Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɟɪɝɢɞɪɨɬɟɬɪɚɚɡɚɬɟɬɪɚɰɟɧɚ ɫ N,N-

ɛɢɫ(ɦɟɬɨɤɫɢɦɟɬɢɥ)-N-ɚɥɤɢɥɚɦɢɧɨɦ ɢɥɢ 1,3,5-ɬɪɢɰɢɤɥɨɚɥɤɢɥ-1,3,5-ɬɪɢɚɡɢɧɨɦ ɩɟɪɜɨɧɚɱɚɥɶɧɨ 
ɜɤɥɸɱɚɟɬ ɫɬɚɞɢɸ ɤɨɨɪɞɢɧɚɰɢɢ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɥɢɛɨ ɬɪɟɬɢɱɧɨɝɨ ɚɬɨɦɚ ɚɡɨɬɚ ɫ ɢɨɧɨɦ 
ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɨɫɥɟɞɭɸɳɟɟ ɧɭɤɥɟɨɮɢɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɚɦɢɧɚ 
ɤ ɤɚɪɛɨɤɚɬɢɨɧɭ ɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɭɸ ɰɢɤɥɢɡɚɰɢɸ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɰɟɥɟɜɵɯ 
ɝɟɤɫɚɚɡɚɩɟɪɝɢɞɪɨɞɢɛɟɧɡɨɬɟɬɪɚɰɟɧɨɜ.  

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬ 16-29-10687-ɨɮɢ_ɦ) ɢ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ (ɝɪɚɧɬ ɇɒ-6651.2016.3). ɋɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɟɞɟɧɵ ɜ 
ɐɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ "Ⱥɝɢɞɟɥɶ" ɩɪɢ ɂɧɫɬɢɬɭɬɟ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ 
Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. An efficient catalytic method for the synthesis of 2,7-dialkyl-2,3a,5a,7,8a,10a-hexaazaperhydropyrenes / E.B. 

Rakhimova, R.A. Ismagilov, E.S. Meshcheryakova, L.M. Khalilov, A.G. Ibragimov, U.M. Dzhemilev // Tetrahedron Letters. 
– 2014. – Vol. 55, iss. 46. – P. 6367–6369. – doi: 10.1016/j.tetlet.2014.09.122. 

2. New catalytic method for the synthesis of 2,7-dicycloalkyl-hexaazaperhydropyrenes / E.B. Rakhimova, V.Yu. 
Kirsanov, R.A. Zainullin, A.G. Ibragimov, U.M. Dzhemilev // Hindawi Journal of Chemistry. – 2016. – Article ID 8406172. 
– http://dx.doi.org/10.1155/2016/8406172. 

 

                                                 
1 Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɨɝɪɨɦɧɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɯ.ɧ., ɩɪɨɮɟɫɫɨɪɭ ɏɚɥɢɥɨɜɭ Ʌ.Ɇ. ɢ ɫɬɚɠɟɪɭ-
ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɥɚɛɨɪɚɬɨɪɢɢ ɫɬɪɭɤɬɭɪɧɨɣ ɯɢɦɢɢ ɂɇɄ ɊȺɇ Ɇɟɳɟɪɹɤɨɜɨɣ ȿ.ɋ. ɡɚ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɢ ɨɛɫɭɠɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

 

 

http://dx.doi.org/10.1155/2016/8406172
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ɂɁɍɑȿɇɂȿ ɊȿȺɄɐɂɈɇɇɈɃ ɋɉɈɋɈȻɇɈɋɌɂ  
1-R-1-ɎȿɇɂɅɗɌɂɇɂɅɌȿɌɊȺȽɂȾɊɈɂɁɈɏɂɇɈɅɂɇɈȼ  

ɋ ɌȿɊɆɂɇȺɅɖɇɕɆɂ ȺɅɄɂɇȺɆɂ ȼ ɌɊɂɎɌɈɊɗɌȺɇɈɅȿ 

Ɇ.ɋ. Ʉɨɛɡɟɜ, Ⱥ.Ⱥ. Ɍɢɬɨɜ, Ɍ.ɇ. Ȼɨɪɢɫɨɜɚ, Ⱥ.ȼ.ȼɚɪɥɚɦɨɜ  
Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 117198, Ɇɨɫɤɜɚ, ɭɥ. Ɇɢɤɥɭɯɨ-Ɇɚɤɥɚɹ, ɞ. 6. 

e-mail: maxkob@mail.ru   

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɧɞɟɦɧɨɣ ɪɟɚɤɰɢɢ 1-ɮɟɧɢɥɷɬɢɧɢɥ-1-ɦɟɬɢɥ(ɛɟɧɡɢɥ)-1,2,3,4-ɬɟɬɪɚɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɨɜ ɫ 
ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɢɧɚɦɢ ɜ ɬɪɢɮɬɨɪɷɬɚɧɨɥɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɛɟɧɡɚɡɟɰɢɧɵ c ɚɥɥɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ. 

Benzazecines with an allene fragment were prepared for the first time and in high yields via tandem reaction of 1-

phenylethynyl-1-methyl(benzyl)-1,2,3,4-tetrahydroisoquinolines with activated alkynes in trifluoroethanol. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɛɨɥɟɟ 95 ɦɥɧ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ 
ɹɜɥɹɸɬɫɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɚɥɥɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬ. Ɍɚɤ, 
ɧɚɩɪɢɦɟɪ, ɫɚɦɵɣ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɫɪɟɞɢ ɤɚɪɨɬɢɧɨɢɞɨɜ, ɮɭɤɨɤɫɚɧɬɢɧ [1], ɤɨɬɨɪɵɣ ɜɫɬɪɟɱɚɟɬɫɹ 
ɜ ɛɭɪɵɯ ɜɨɞɨɪɨɫɥɹɯ, ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɫɪɟɞɫɬɜɨ ɞɥɹ ɥɟɱɟɧɢɹ ɫɚɯɚɪɧɨɝɨ 
ɞɢɚɛɟɬɚ ɢ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɥɢɲɶ ɧɟɫɤɨɥɶɤɨ ɨɛɳɢɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ 
ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɚɥɥɟɧɨɜ, ɢɦɟɸɳɢɯ ɜ ɫɜɨёɦ ɫɬɪɨɟɧɢɢ ɚɬɨɦɵ ɫɟɪɵ [2] ɢɥɢ ɚɡɨɬɚ[3].  

Ɋɚɧɧɟɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɩɢɪɢɞɢɧɵ ɫ ɮɟɧɢɥɷɬɢɧɢɥɧɵɦ 
ɡɚɦɟɫɬɢɬɟɥɟɦ ɜ ɩɨɥɨɠɟɧɢɢ 1 ɩɪɢ ɞɟɣɫɬɜɢɢ ɦɟɬɢɥɩɪɨɩɢɨɥɚɬɚ ɢ ɚɰɟɬɢɥɚɰɟɬɢɥɟɧɚ ɫ ɯɨɪɨɲɢɦɢ 
ɜɵɯɨɞɚɦɢ ɞɚɸɬ ɨɠɢɞɚɟɦɵɟ ɛɟɧɡɚɡɨɰɢɧɵ [4,5]. ɇɨ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ 1,1-ɞɢɡɚɦɟɳɟɧɧɵɟ 
ɬɟɬɪɚɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɵ – 1-ɦɟɬɢɥ ɢ 1-ɛɟɧɡɢɥ-1-ɮɟɧɢɥɷɬɢɧɢɥ-1,2,3,4-ɬɟɬɪɚɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɵ 1, 
ɜɟɞɭɬ ɫɟɛɹ ɜ ɪɟɚɤɰɢɢ ɫ ɬɟɪɦɢɧɚɥɶɧɵɦɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɢɧɚɦɢ ɜ ɬɪɢɮɬɨɪɷɬɚɧɨɥɟ ɩɨ-
ɞɪɭɝɨɦɭ. ȼ ɷɬɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɩɪɢ +7 °C ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ. Ɉɫɧɨɜɧɵɦɢ 
ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ ɛɟɧɡɚɡɟɰɢɧɵ 2, ɢɦɟɸɳɢɟ ɜ ɫɜɨёɦ ɫɬɪɨɟɧɢɢ ɚɥɥɟɧɨɜɭɸ ɫɢɫɬɟɦɭ 
(ɪɢɫ.1). 

 
Ɋɢɫ.1. ɋɢɧɬɟɡ ɛɟɧɡɚɡɟɰɢɧɨɜ ɫ ɚɥɥɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ  

 

ɋɬɪɨɟɧɢɟ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɚɧɧɵɦɢ əɆɊ 1H, 13C-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, 
ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɤɥɸɱɟɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɦɟɬɨɞɨɦ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɨɜ ȼɴɟɬɧɚɦɚ ɢ ɊɎɎɂ (ɝɪɚɧɬ № 17-03-

00605, ɝɪɚɧɬ № 17-53-540001). 
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Norbert Krause·, Stephen A., Hashmi K., Modern Allene Chemistry, 2004, 2, 1010. 
2. Sashida, Haruki; Tsuchiya, Takashi, Chemical & Pharmaceutical Bulletin, 1986, 34, 3644 – 3652. 
3. Voskressensky L.G., Titov A.A., Dzhankaziev M.S., Borisova T.N., Kobzev M.S., Dorovatovskii P.V., Khrustalev 

V.N., Aksenov A.V.  and Varlamov A.V., New J. Chem., 2017, 41, 1902-1904. 
4. ȼɨɫɤɪɟɫɟɧɫɤɢɣ Ʌ.Ƚ., Ɍɢɬɨɜ Ⱥ.Ⱥ., Ʉɨɛɡɟɜ Ɇ.ɋ., ɋɚɦɚɜɚɬɢ Ɋ., Ȼɨɪɢɫɨɜ Ɋ.ɋ., Ʉɭɥɢɤɨɜɚ Ʌ.ɇ., ȼɚɪɥɚɦɨɜ Ⱥ.ȼ., ɏȽɋ, 

2016, 52, 68–70.  
5. ȼɨɫɤɪɟɫɟɧɫɤɢɣ Ʌ.Ƚ., Ɍɢɬɨɜ Ⱥ.Ⱥ., ɋɚɦɚɜɚɬɢ Ɋ., Ȼɨɪɢɫɨɜɚ Ɍ.ɇ., ɋɨɪɨɤɢɧɚ ȿ.Ⱥ., ȼɚɪɥɚɦɨɜ Ⱥ.ȼ., ɏȽɋ, 2016, 52, 

316–321.  
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ɋɂɇɌȿɁ ɇɈȼɕɏ ɉɊɈɂɁȼɈȾɇɕɏ 11H-ɂɇȾȿɇɈ[1,2-b]-ɏɂɇɈɄɋȺɅɂɇȺ ɄȺɄ 
ɉȿɊɋɉȿɄɌɂȼɇɕɏ ɂɇȽɂȻɂɌɈɊɈȼ JNK (C-JUN N-ɌȿɊɆɂɇȺɅɖɇɈɃ ɄɂɇȺɁɕ) 

 
Ⱥ.Ɋ. Ʉɨɜɪɢɠɢɧɚ, Ⱥ.ɂ.ɏɥɟɛɧɢɤɨɜ 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 634050, Ɍɨɦɫɤ, ɩɪ. Ʌɟɧɢɧɚ, 30. 
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ɏɢɧɨɤɫɚɥɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɦɨɥɟɤɭɥɚɯ ɦɧɨɝɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɥɚɞɚɸɳɢɯ 

ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦ, ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɦ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ, ɩɪɨɬɢɜɨɪɚɤɨɜɵɦ ɞɟɣɫɬɜɢɟɦ. ɉɪɨɢɡɜɨɞɧɵɟ 
ɯɢɧɨɤɫɚɥɢɧɚ ɜɵɫɬɭɩɚɸɬ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɢɧɝɢɛɢɬɨɪɨɜ ɤɢɧɚɡ [1], ɜ ɱɚɫɬɧɨɫɬɢ, ɮɟɪɦɟɧɬɨɜ ɫɟɦɟɣɫɬɜɚ JNK (C-Jun 

N-ɬɟɪɦɢɧɚɥɶɧɨɣ ɤɢɧɚɡɵ). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɯɢɧɨɤɫɚɥɢɧɨɜɵɦ ɹɞɪɨɦ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. ɇɚɦɢ ɜɵɩɨɥɧɟɧ ɫɢɧɬɟɡ ɧɟɢɡɜɟɫɬɧɵɯ ɪɚɧɟɟ ɩɪɨɢɡɜɨɞɧɵɯ ɨɤɫɢɦɚ 11H-ɢɧɞɟɧɨ[1,2-

b]ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧɚ ɩɭɬɟɦ Ɉ-ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɷɬɢɥɨɜɵɦ ɷɮɢɪɨɦ ɦɨɧɨɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ 3-ɯɥɨɪ-1-ɩɪɨɩɚɧɨɥɨɦ. 
ɉɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵ ɜ ɤɚɱɟɫɬɜɟ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɢɧɝɢɛɢɬɨɪɨɜ JNK. 

The quinoxaline fragment is present in the molecules of many biologically active compounds possessing antiviral, 

antibacterial, anti-inflammatory, anti-cancer effects. The derivatives of quinoxaline also act as inhibitors of kinases [1], in 

particular, the enzymes of the JNK family (C-Jun N-terminal kinase). In connection with this, the development of methods for 

obtaining new compounds with a quinoxaline core is an urgent task. We synthesized previously unknown derivatives of oxime 

11H-indeno [1,2-b] quinoxalin-11-one by O-alkylation with ethyl ether monochloroacetic acid and 3-chloro-1-propanol. The 

compounds obtained are promising as specific inhibitors of JNK. 
 

Ɋɚɧɟɟ [2] ɚɜɬɨɪɚɦɢ ɩɪɨɟɤɬɚ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɨɤɫɢɦ 11H-ɢɧɞɟɧɨ[1,2-b]ɯɢɧɨɤɫɚɥɢɧ-11-
ɨɧɚ ɢ ɟɝɨ ɧɚɬɪɢɟɜɚɹ ɫɨɥɶ (ɫɯɟɦɚ 1) ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɢ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɢɧɝɢɛɢɬɨɪɚɦɢ 
ɫɟɦɟɣɫɬɜɚ ɮɟɪɦɟɧɬɨɜ C-Jun N-ɬɟɪɦɢɧɚɥɶɧɵɯ ɤɢɧɚɡ (JNK) ɢ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɛɚɡɨɜɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. 

 
ɋɯɟɦɚ 1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɨɤɫɢɦɚ 11H-ɢɧɞɟɧɨ[1,2-b]ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧɚ (IQ-1) ɢ  

ɧɚɬɪɢɟɜɨɣ ɫɨɥɢ 11H-ɢɧɞɟɧɨ[1,2-b]ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧɚ (IQ-1S) 
 

ɐɟɥɶɸ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɨɞɯɨɞɨɜ ɤ ɫɢɧɬɟɡɭ ɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 
11H-ɢɧɞɟɧɨ[1,2-b]-ɯɢɧɨɤɫɚɥɢɧɚ c ɜɵɪɚɠɟɧɧɵɦ ɧɟɣɪɨɩɪɨɬɟɤɬɨɪɧɵɦ ɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ 
ɞɟɣɫɬɜɢɟɦ. 

Ⱥɧɚɥɨɝɢ IQ-1 ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɫɢɦɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɩɨɫɤɨɥɶɤɭ ɨɤɫɢɦɧɚɹ 
ɝɪɭɩɩɚ ɥɟɝɤɨ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢ ɚɰɢɥɢɪɨɜɚɧɢɹ.  

ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɩɨɥɭɱɟɧɢɟ 11H-ɢɧɞɟɧɨ [1,2-b] ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧɚ 
(3) [2], ɜɬɨɪɵɦ – ɩɨɥɭɱɟɧɢɟ ɨɤɫɢɦɚ 11H-ɢɧɞɟɧɨ [1,2-b] ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧɚ (4) [3] (ɫɯɟɦɚ 2). 

 
ɋɯɟɦɚ 2. ɋɢɧɬɟɡ 11H-ɢɧɞɟɧɨ [1,2-b] ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧɚ (3) ɢ  

ɨɤɫɢɦɚ 11H-ɢɧɞɟɧɨ [1,2-b] ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧɚ (4) 
 

ȼ ɤɚɱɟɫɬɜɟ ɚɥɤɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ 3-ɯɥɨɪ-1-ɩɪɨɩɚɧɨɥ (5) (ɫɯɟɦɚ 3). 
Ɋɚɫɬɜɨɪɢɬɟɥɟɦ ɹɜɥɹɥɫɹ ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ. Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80-85 ˚ɋ ɜ ɬɟɱɟɧɢɟ 
16 ɱɚɫɨɜ. ȼɵɯɨɞ ɩɪɨɞɭɤɬɚ ɫɨɫɬɚɜɢɥ 82 %. 
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ɋɯɟɦɚ 3. ɋɢɧɬɟɡ (Z)-11H-ɢɧɞɟɧɨ[1,2-b]ɯɢɧɨɤɫɚɥɢɧ-11-ɨɧ-O-(3-ɝɢɞɪɨɤɫɢɩɪɨɩɢɥ) ɨɤɫɢɦɚ 

 

ɇɟɢɡɜɟɫɬɧɵɣ ɪɚɧɟɟ ɩɪɨɞɭɤɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɦɟɬɨɞɨɦ əɆɊ 1 H ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɤɚɤ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɚɦɟɳɟɧɧɵɣ ɨɤɫɢɦ (6). əɆɊ 1 H (DMSO-d6 , 300 Hz): 2,17 ɦ (OCH2CH2) , 3,90 ɬ 
(CH2OH , J 6.3 Ƚɰ), 4,74 ɬ (NOCH2, J 6 Ƚɰ) , 7,3 – 8,5 ɦ (Hɚɪ). 

ȼ ɞɪɭɝɨɦ ɫɥɭɱɚɟ (ɫɯɟɦɚ 4) ɜ ɤɚɱɟɫɬɜɟ ɚɥɤɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɩɪɢɦɟɧɹɥɫɹ ɷɬɢɥɨɜɵɣ ɷɮɢɪ 
ɦɨɧɨɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ (7). Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɥɚ ɜ ɷɬɢɥɨɜɨɦ ɫɩɢɪɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80-85˚ɋ ɜ 
ɬɟɱɟɧɢɟ 16 ɱɚɫɨɜ.  

 
ɋɯɟɦɚ 4. ɋɢɧɬɟɡ (Z)-ɷɬɢɥ-2-(((11H-ɢɧɞɟɧɨ[1,2-b]ɯɢɧɨɤɫɚɥɢɧ-11-ɢɥɢɞɟɧ)ɚɦɢɧɨ)ɨɤɫɢ)ɚɰɟɬɚɬɚ 

 

ȼɵɯɨɞ ɩɪɨɞɭɤɬɚ 8 ɫɨɫɬɚɜɢɥ 95%.ɋɩɟɤɬɪ əɆɊ 1 H ɫɨɟɞɢɧɟɧɢɹ 8: (DMSO-d6 , 300 Hz): 1.05 ɬ 
(CH3CH2CO) , 1.25 ɦ (CH3CH2CO) , 5.17 c (CH2ON), 7.6-8.6 ɦ (Hɚɪ). 

Ⱦɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɪɚɫɲɢɪɟɧɢɟ ɤɪɭɝɚ Ɉ-ɡɚɦɟɳɟɧɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɨɤɫɢɦɚ 4. ɉɥɚɧɢɪɭɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɫ ɨɫɬɚɬɤɚɦɢ ɝɥɸɤɨɡɵ, ɤɚɪɛɨɧɨɜɵɯ 
ɤɢɫɥɨɬ ɢ ɚɦɢɧɨɤɢɫɥɨɬ.  
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ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢ ɨɤɢɫɥɟɧɧɵɯ/ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɮɨɪɦ H2S ɢ S8 ɫ 
ɝɚɥɨɝɟɧɡɚɦɟɳёɧɧɵɦɢ ɰɢɤɥɨɚɥɤɚɧɚɦɢ, ɦɟɪɤɚɩɬɚɧɚɦɢ ɫ ɰɟɥɶɸ ɨɛɪɚɡɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɢɫɭɥɶɮɢɞɨɜ R2S3 ɢ R2S4. 

ɋɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɚɬɚɤɭɸɳɟɣ ɱɚɫɬɢɰɵ (HS•, S8
2-, RS•). 

The interaction of electrochemically oxidized/reduced forms of H2S and S8 with halogen-substituted cycloalkanes, 

mercaptans was studied in order to obtain organic polysulfides R2S3 and R2S4. The composition of the reaction products 

depends on the type of the attacking particle. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɬɢɨɥɢɪɨɜɚɧɢɹ ɝɚɥɨɝɟɧɡɚɦɟɳɟɧɧɵɯ ɚɥɢɰɢɤɥɨɜ (C5-C8) 
ɢɫɫɥɟɞɨɜɚɧɵ ɪɟɚɤɰɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɫɢɫɬɟɦɵ ɫɟɪɚ-ɫɟɪɨɜɨɞɨɪɨɞ ɜ ɭɫɥɨɜɢɹɯ ɚɧɨɞɧɨɣ ɚɤɬɢɜɚɰɢɢ 
H2S. Ⱥɧɨɞɧɚɹ ɚɤɬɢɜɚɰɢɹ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɯɥɨɪɢɫɬɨɦ ɦɟɬɢɥɟɧɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɯ 
ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɯ ɰɢɤɥɨɚɥɤɚɧɨɜ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɦɟɫɢ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ 
ɪɟɚɤɰɢɢ: ɬɢɨɥɨɜ, ɞɢɫɭɥɶɮɢɞɨɜ ɢ ɩɨɥɢɫɭɥɶɮɢɞɨɜ. 
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Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ ɪɚɞɢɤɚɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɝɟɧɟɪɢɪɨɜɚɧɢɟɦ ɬɢɢɥɶɧɨɝɨ 

ɪɚɞɢɤɚɥɚ ɧɚ ɚɧɨɞɟ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɫɭɛɫɬɪɚɬɨɦ (ɬɚɛɥ. 1).  
Ɍɚɛɥɢɰɚ 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɚɧɨɞɧɨɣ ɚɤɬɢɜɚɰɢɢ 
ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɚɥɨɝɟɧɰɢɤɥɨɚɥɤɚɧɨɜ (E = 1,80 ȼ, CH2Cl2,Pt-ɚɧɨɞ) 

ɋɨɟɞɢɧɟɧɢɟ 

ȼɵɯɨɞ ɩɨ ɬɨɤɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, % 

0,5 ɱ 1 ɱ 

R2S2  RSH  R2Sn  Σ R2S2  RSH  R2Sn Σ 

C5H9Cl 16,7 22,5 20,8 60,0 29,2 11,5 32,5 73,2 

C6H11Cl 9,5 18,0 12,0 39,5 11,7 24,5 15,0 51,2 

C7H13Br 16,7 26,2 23,6 66,5 17,5 36,7 26,2 80,4 

C8H15Br 16,7 22,5 22,5 61,7 19,2 35,8 23,3 78,3 

ɇɚɢɛɨɥɶɲɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɹɜɥɹɟɬ ɛɪɨɦɰɢɤɥɨɝɟɩɬɚɧ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 
ɷɥɟɤɬɪɨɫɢɧɬɟɡɚ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ C6-C8 ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɧɯɪɨɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɬɢɨɥɨɜ, ɨɞɧɚɤɨ ɜɵɯɨɞ ɞɢ- ɢ ɩɨɥɢɫɭɥɶɮɢɞɨɜ ɬɚɤɠɟ ɜɨɡɪɚɫɬɚɟɬ. Ɇɟɬɨɞɨɦ 
ɰɢɤɥɢɱɟɫɤɨɣ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨɬɟɧɰɢɚɥɵ ɨɤɢɫɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɧɚ Pt-
ɚɧɨɞɟ ɜ CH2Cl2 ɨɬɧɨɫɢɬɟɥɶɧɨ Ag/AgCl: R2S2 = 1.45-1.65 B; R2S3 = 1.67-1.80 B; R2S4 = 1.80-1.95 B.  
Ɍɚɛɥɢɰɚ 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɚɧɨɞɧɨɣ ɚɤɬɢɜɚɰɢɢ ɫɢɫɬɟɦɵ 
ɫɟɪɚ – ɫɟɪɨɜɨɞɨɪɨɞ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɚɥɨɝɟɧɰɢɤɥɨɚɥɤɚɧɨɜ (E = 1,80 ȼ, CH2Cl2, Pt-ɚɧɨɞ) 

ɋɨɟɞɢɧɟɧɢɟ 

ȼɵɯɨɞ ɩɨ ɬɨɤɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, % 

0,5 ɱ 1 ɱ 

R2S2 R2S3 R2Sn Σ R2S2 R2S3 R2Sn Σ 

C5H9Cl – 37,5 10,0 47,5 16,5 37,5 10,0 64,0 

C6H11Cl 16,5 46,5 5,0 68,0 20,0 60,0 6,0 86,0 

C7H13Br 25,0 50,0 5,2 80,0 25,0 60,0 7,0 92,0 

C8H15Br – 66,5 – 66,5 – 70,5 16,5 87,0 

mailto:beewon@mail.ru
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ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɬɢɨɥɢɪɨɜɚɧɢɹ ɩɨ ɬɪɢɫɭɥɶɮɢɞɚɦ ɢ ɭɜɟɥɢɱɟɧɢɹ ɢɯ 
ɜɵɯɨɞɚ ɩɪɟɞɥɨɠɟɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɜɨɞɢɬɶ ɷɥɟɦɟɧɬɧɭɸ ɫɟɪɭ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɪɟɞɭ. 
Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɚɤɬɢɜɚɰɢɹ ɫɟɪɨɜɨɞɨɪɨɞɚ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɢɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ ɫ ɫɟɪɨɣ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɤɪɵɬɢɸ ɰɢɤɥɚ ɢ ɝɟɧɟɪɚɰɢɢ 
ɝɢɞɪɨɩɨɥɢɫɭɥɶɮɢɞɧɵɯ ɪɚɞɢɤɚɥɨɜ (ɬɚɛɥ.2). 

Ʉɚɤ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ, ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɟ ɨɬɫɭɬɫɬɜɭɸɬ ɬɢɨɥɵ ɢ ɩɪɟɨɛɥɚɞɚɸɳɢɦ 
ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɸɬɫɹ ɬɪɢɫɭɥɶɮɢɞɵ, ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 
ɩɨɥɢɫɭɥɶɮɢɞɨɜ, ɜɵɯɨɞ ɩɨ ɬɨɤɭ ɤɨɬɨɪɵɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 16,5%. ɇɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ 
ɩɨɜɵɲɟɧɢɸ ɫɭɦɦɚɪɧɨɝɨ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɰɢɤɥɚ ɢ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ. 

ɂɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɬɨɞɧɨɣ ɚɤɬɢɜɚɰɢɢ S8 ɢ H2S ɜ ɪɟɚɤɰɢɹɯ ɫ ɛɪɨɦ- ɢ 
ɯɥɨɪɡɚɦɟɳɟɧɧɵɦɢ ɰɢɤɥɨɚɥɤɚɧɚɦɢ ɋ5-ɋ8 ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
ɗɥɟɤɬɪɨɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɩɨɥɢɫɭɥɶɮɢɞɧɵɟ ɚɧɢɨɧɵ ɹɜɥɹɸɬɫɹ ɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɢ 
ɫɩɨɫɨɛɧɵ ɜɫɬɭɩɚɬɶ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɝɚɥɨɝɟɧɡɚɦɟɳɟɧɧɵɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɢɩɚ ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɧɭɤɥɟɨɮɢɥɚ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɤɚɤ ɬɪɢ-, ɬɚɤ ɬɟɬɪɚɫɭɥɶɮɢɞɨɜ.  

2RHal + 2S3

2RHal + S8
2-

R-S3-R + 3/8 S8 + 2X
-

R-S4-R + 1/2 S8 + 2X
-
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɢɧɬɟɡɚ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɩɟɪɜɨɝɨ ɩɢɤɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɫɟɪɵ (-1,30 ȼ) ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɫɦɟɫɢ ɞɢ-, ɬɪɢ- ɢ ɬɟɬɪɚɫɭɥɶɮɢɞɨɜ (ɬɚɛɥ.3), ɫɨɫɬɚɜ 
ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɯɪɨɦɚɬɨɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 
Ɍɚɛɥɢɰɚ 3. ȼɵɯɨɞ ɩɨ ɬɨɤɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɩɪɢ ɤɚɬɨɞɧɨɣ ɚɤɬɢɜɚɰɢɢ  S8 (E = -1,30 ȼ) ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ RHal (ɫɨɨɬɧɨɲɟɧɢɟ S8:RHal = 1:2,Ĳ = 1 ɱɚɫ, CH2Cl2, Pt-ɚɧɨɞ) 

ɋɨɟɞɢɧɟɧɢɟ RS2R, % RS3R, % RS4R, % Σ, % 

C5H9Cl 16 61 – 77 

C6H11Cl 33 – 36 69 

C7H13Br 26 45 – 71 

C8H15Br – 77 18 95 

Ɉɛɪɚɡɨɜɚɧɢɟ ɬɪɢɫɭɥɶɮɢɞɨɜ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɞɥɹ ɝɚɥɨɝɟɧɡɚɦɟɳɟɧɧɵɯ ɰɢɤɥɨɚɥɤɚɧɨɜ, 
ɫɨɞɟɪɠɚɳɢɯ 5,7 ɢɥɢ 8 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɰɢɤɥɟ. ȼ ɫɥɭɱɚɟ C6H11Cl ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɬɟɬɪɚ- 
ɢ ɞɢɫɭɥɶɮɢɞɨɜ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 
ɩɨɥɢɫɭɥɶɮɢɞɨɜ. ɇɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ ɰɟɥɟɜɵɯ ɬɪɢɫɭɥɶɮɢɞɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɛɪɨɦɰɢɤɥɨɨɤɬɚɧɚ. 

ȼ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɚɩɪɨɬɨɧɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ -1,60 ȼ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɝɟɧɟɪɢɪɨɜɚɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢ ɬɢɨɥɚɬ-ɚɧɢɨɧɚ. 

H2S H2S H + HS+e
-

-1.6 V

 
Ɋɟɚɤɰɢɹ ɬɢɨɥɚɬ-ɚɧɢɨɧɚ ɫ ɝɚɥɨɝɟɧɡɚɦɟɳɟɧɧɵɦɢ ɰɢɤɥɨɥɚɤɚɧɚɦɢ ɩɪɨɬɟɤɚɟɬ ɜ ɪɚɫɬɜɨɪɟ 

ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɩɨ ɦɟɯɚɧɢɡɦɭ SN2 ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɢɨɥɚ: 

HS    +

ClH

C Cl

H

HS

SHH

+    Cl

 
Ʉɪɨɦɟ ɬɢɨɥɚɬ-ɚɧɢɨɧɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɟ ɝɟɧɟɪɢɪɭɸɬɫɹ ɰɢɤɥɨɚɥɤɢɥɬɢɨɥɚɬɧɵɟ ɚɧɢɨɧɵ, 

ɫɩɨɫɨɛɧɵɟ ɜɫɬɭɩɚɬɶ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɭɛɫɬɪɚɬɨɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɢɞɨɜ:  
SH

SH+

S Cl S

Cl
-

S

+ H2S

+

 
ɂɫɩɨɥɶɡɭɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɹɱɟɣɤɢ ɫ ɧɟɪɚɡɞɟɥɟɧɧɵɦ ɤɚɬɨɞɧɨ-ɚɧɨɞɧɵɦ 

ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɬɢɢɥɶɧɨɝɨ ɪɚɞɢɤɚɥɚ. ȼ ɩɪɨɰɟɫɫɟ 
ɷɥɟɤɬɪɨɥɢɡɚ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɝɟɧɟɪɢɪɨɜɚɧɢɸ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɢɫɭɥɶɮɚɧɨɜ ɢ ɞɢɫɭɥɶɮɢɞɚ: 

HS HS
HS

H2S2
HS H2Sn

-e
-
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SH

SH+

S

S
S S

+ H2S

 
ȼɵɯɨɞ ɩɨ ɬɨɤɭ ɰɟɥɟɜɵɯ ɰɢɤɥɨɚɥɤɚɧɬɢɨɥɨɜ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 15 ɞɨ 54 %. ɇɚɢɦɟɧɶɲɭɸ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɬɢɨɥɚɬ-ɚɧɢɨɧɭ ɩɪɨɹɜɥɹɟɬ C6H11Cl. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɬɢɨɥɚ, ɤɚɤ ɢ ɫɭɦɦɚɪɧɵɣ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɬɢɨɥɢɪɨɜɚɧɢɹ ɜ CH2Cl2 ɩɪɢ ɤɚɬɨɞɧɨɣ ɚɤɬɢɜɚɰɢɢ 
ɫɟɪɨɜɨɞɨɪɨɞɚ, ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ C5H9Cl. ɇɚ ɫɨɞɟɪɠɚɧɢɟ ɫɭɥɶɮɢɞɨɜ ɧɟ ɜɥɢɹɟɬ ɩɪɢɪɨɞɚ ɫɭɛɫɬɪɚɬɚ, 
ɬɨɝɞɚ ɤɚɤ ɞɥɹ ɞɢɫɭɥɶɮɢɞɨɜ ɨɬɦɟɱɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɤɚɪɛɨɰɢɤɥɚ. 

X SH

SS S
+    H2S

-1.60 V; CH2Cl2; 1.5h

n

n = 1-4 
X = Cl; Br

n n nn n

+ +

n = 1    η = 54,0%;                      13,0 %                                 29,0%  
n = 2    η = 15,0%;                      12,5 %                                 26,0%

n = 3    η = 33,3%;                      16,5 %                                 30,0% 
n = 4    η = 25,0%;                      20,8 %                                 29,2%  

Ɉɬɞɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɛɵɥɨ ɭɞɟɥɟɧɨ ɢɡɭɱɟɧɢɸ ɷɥɟɤɬɪɨɫɢɧɬɟɡɚ ɩɨɥɢɫɭɥɶɮɢɞɨɜ ɢɡ ɬɢɨɥɨɜ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɫɬɪɨɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɝɪɭɩɩɵ ɩɪɢ ɚɬɨɦɟ ɫɟɪɵ ɧɚ ɫɨɫɬɚɜ ɩɨɥɭɱɚɟɦɵɯ 
ɩɪɨɞɭɤɬɨɜ ɪɚɫɫɦɨɬɪɟɧɵ ɬɢɨɥɵ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ (ɬɚɛɥ.4). 
Ɍɚɛɥɢɰɚ 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɚɧɨɞɧɨɣ ɚɤɬɢɜɚɰɢɢ ɫɟɪɵ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɬɢɨɥɨɜ (ɫɨɨɬɧɨɲɟɧɢɟ S8:ɫɭɛɫɬɪɚɬ = 1:2, E = 1,80 ȼ, CH2Cl2,Ĳ = 1 ɱ,Pt-ɚɧɨɞ) 

ɋɭɛɫɬɪɚɬ 
ȼɵɯɨɞ ɩɨ ɬɨɤɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, % Ɋɚɫɯɨɞ ɫɟɪɵ 

ɩɨ ɬɨɤɭ, % R2S2 (1,5-1,6 ȼ) R2S4 (1,9 ȼ) 
ɧ-C4H9SH  18 22 30 

ɧ-C5H11SH 16 16 9 

ɧ-C6H13SH 21 33 50 

ɰ-C5H9SH 16 25 20 

ɰ-C6H11SH 12 30 33 

C6H5SH 37 ‒ 50 

C6H5CH2SH 16 25 54 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɷɥɟɤɬɪɨɫɢɧɬɟɡɨɜ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɐȼȺ ɩɨɤɚɡɵɜɚɟɬ ɞɜɚ ɩɢɤɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ R2S2 ɢ R2S4, ɩɪɢ ɷɬɨɦ ɜɵɯɨɞ R2S4 ɩɪɟɜɚɥɢɪɭɟɬ. Ⱦɥɹ ɩɟɧɬɚɧɬɢɨɥɚ ɮɢɤɫɢɪɨɜɚɥɫɹ 
ɧɚɢɦɟɧɶɲɢɣ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ. Ɋɟɚɤɰɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɢ S8, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɞɢɦɟɪɢɡɚɰɢɢ RS•-ɪɚɞɢɤɚɥɚ, ɚ ɧɟ ɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ S8. Ʉɚɬɨɞɧɚɹ ɚɤɬɢɜɚɰɢɹ S8 ɜ CH2Cl2 ɜ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ -1,3 ȼ ɩɪɢɜɨɞɢɬ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɞɭɤɬɨɜ ɚɧɚɥɨɝɢɱɧɨɝɨ ɫɨɫɬɚɜɚ.  

C4H9SH  +   S8
-1.30 V; C (C4H9SH)=3 mM;CH2Cl2; 1 h

C(S8) =1,5 mM                       η =21%                      29% 

C(S8) =0,75 mM                     η=17%                       33%

C(S8) =0,375 mM                   η=20%                       12,%

(C4H9)2S2     +      (C4H9)2S4

 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɹ S8:RSH ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɧɢɠɚɟɬɫɹ ɧɚ 30% ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɧɟɢɡɦɟɧɧɨɦ ɜɵɯɨɞɟ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɞɨɤɫ-ɚɤɬɢɜɚɰɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ 

ɢ ɫɟɪɵ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɰɢɤɥɨɚɥɤɚɧɨɜ ɢ ɢɯ ɝɚɥɨɝɟɧɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɢɫɭɥɶɮɢɞɨɜ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ ɉɪɨɟɤɬ № 17-

13-01168. 
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ɍȾɄ 547.833.3 

 

ɊȿȺɄɐɂɈɇɇȺə ɋɉɈɋɈȻɇɈɋɌɖ 1-ȺɊɈɂɅ-3,4-ȾɂȽɂȾɊɈɂɁɈɏɂɇɈɅɂɇɈȼ 
 

Ɇ.Ⱦ. Ɇɚɬɜɟɟɜɚ, Ɍ.ɇ. Ȼɨɪɢɫɨɜɚ, Ƚ.ɋ. Ⱥɫɬɚɯɨɜ 
Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 117198, Ɇɨɫɤɜɚ, ɭɥ. Ɇɢɤɥɭɯɨ-Ɇɚɤɥɚɹ, ɞ. 6. 

e-mail: m.d.matveeva@gmail.com  
 

Ɉɩɢɫɚɧɵ ɞɨɦɢɧɨ-ɪɟɚɤɰɢɢ 1-ɚɪɨɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɨɜ ɫ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɢɧɚɦɢ ɢ ɚɥɤɟɧɚɦɢ, 
ɩɪɢɜɨɞɹɳɢɟ ɤ ɫɢɧɬɟɡɭ ɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫɨɞɟɪɠɚɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ, 
ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ. 

Domino-reactions of 1-aroyl-3,4-dihydroisoquinolines with activated alkynes and alkenes leading to the synthesis of 

pyrrolo[2,1-a]isoquinolines are described. The obtained compounds contain functional groups that are suitable for further 

modification. 

 
ɉɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɵ ɨɛɥɚɞɚɸɬ ɨɝɪɨɦɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɥɨɝɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɭɛɥɢɤɚɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɚɬɟɧɬɨɜ.  
ɇɚɦɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 1-ɚɪɨɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɵ, ɢɦɟɸɳɢɟ ɢɦɢɧɨɤɟɬɨɧɧɵɣ 

ɮɪɚɝɦɟɧɬ, ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɤɭɪɫɨɪɚɦɢ ɜ ɫɢɧɬɟɡɟ ɩɪɨɢɡɜɨɞɧɵɯ 3,4-ɞɢɝɢɞɪɨɩɢɪɪɨɥɨ[2,1-
a]ɢɡɨɯɢɧɨɥɢɧɨɜ. ɋɤɟɥɟɬɨɧ 3,4-ɞɢɝɢɞɪɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɚ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɞɨɦɢɧɨ-ɪɟɚɤɰɢɣ ɫ ɚɥɤɢɧɚɦɢ ɢ ɚɥɤɟɧɚɦɢ, ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦɢ ɝɪɭɩɩɚɦɢ. 

Ɍɟɪɦɢɧɚɥɶɧɵɟ ɚɥɤɢɧɵ ɪɟɚɝɢɪɭɸɬ ɜ ɫɩɢɪɬɚɯ, ɪɟɚɤɰɢɹ ɹɜɥɹɟɬɫɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ, 
ɨɛɪɚɡɭɸɬɫɹ ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɵ 5-16, ɫɨɞɟɪɠɚɳɢɟ ɚɥɤɨɤɫɢ-, ɫɥɨɠɧɨɷɮɢɪɧɭɸ ɢɥɢ ɚɰɟɬɢɥɶɧɭɸ 
ɝɪɭɩɩɵ [1]. Ⱥɥɶɬɟɪɧɚɬɢɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɜɪɚɳɟɧɢɣ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɚɥɤɢɧɨɜ ɜ ɚɩɪɨɬɨɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɨɞɭɤɬɵ 
ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ - 10ɚ-ɚɪɢɥ-3,4-ɞɢɝɢɞɪɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɵ 17-28, ɢɦɟɸɳɢɟ ɜ 
ɩɢɪɪɨɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ ɫɥɨɠɧɨɷɮɢɪɧɵɟ ɢ ɛɟɧɡɨɢɥɶɧɵɟ ɝɪɭɩɩɵ [2]. 

ɉɢɪɪɨɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɥɟɝɤɨ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɤɟɧɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɚɤɰɟɩɬɨɪɧɵɦɢ ɝɪɭɩɩɚɦɢ: ɬ.ɟ. ɧɟɩɪɟɞɟɥɶɧɵɯ ɚɥɶɞɟɝɢɞɨɜ, ɤɟɬɨɧɨɜ, ɧɢɬɪɢɥɨɜ ɢ ɧɢɬɪɨɚɥɤɟɧɨɜ. 
Ɋɟɚɤɰɢɢ ɩɪɨɯɨɞɹɬ ɜ ɫɩɢɪɬɚɯ, ɧɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ 2,2,2-ɬɪɢɮɬɨɪɷɬɚɧɨɥ. 
ɉɨɥɭɱɟɧɧɵɟ ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɵ 29-57 ɫɨɞɟɪɠɚɬ ɜ ɩɢɪɪɨɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ. 

Ɉɩɢɫɚɧɧɵɟ ɪɟɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɧɨɜɵɦɢ, ɭɞɨɛɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫɢɧɬɟɡɚ ɩɪɨɢɡɜɨɞɧɵɯ 3,4-
ɞɢɝɢɞɪɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɨɜ. 

ɋɬɪɨɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɨ ɤɨɦɩɥɟɤɫɨɦ ɫɩɟɤɬɪɚɥɶɧɵɯ ɞɚɧɧɵɯ. 
 

mailto:m.d.matveeva@gmail.com
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ 15-33-20187 ɦɨɥ_ɚ_ɜɟɞ, ɝɪɚɧɬ 
14-03-00311, ɝɪɚɧɬ 17-03-00605) ɢ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ ɩɪɨɟɤɬ 2042 ɢ 
ɫɨɝɥɚɲɟɧɢɟ №02.ɚ03.21.0008). 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Novel multi-component approach to the synthesis of pyrrolo[2,1-a]isoquinoline derivatives / L.G. Voskressensky, 
T.N. Borisova, M.D. Matveeva, V.N. Khrustalev, A.V. Aksenov, A.A. Titov, A.E. Vartanova and A.V. Varlamov. // RSC 
Advance. – 2016. – Vol. 6. – P. 74068-74071. – doi: 10.1039/C6RA15810B. 

2. A facile synthesis of 1-oxo-pyrrolo[2,1-a]isoquinolines / L.G. Voskressensky, T.N. Borisova, M.D. Matveeva, V.N. 
Khrustalev, A.A. Titov, A.V. Aksenov, S.V. Dyachenko and A.V. Varlamov. // Tetrahedron letters. – 2017. – Vol. 58. – iss. 
9. – P. 877–879. – doi: 10.1016/j.tetlet.2017.01.061. 
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ɋɂɇɌȿɁ ȼ ɉɊɂɋɍɌɋɌȼɂɂ ɉȺȼ ɂ ɎɅɍɈɊȿɋɐȿɇɌɇɕȿ ɋȼɈɃɋɌȼȺ 
ȺɊɂɅɆȿɌɂɅɂȾȿɇɉɊɈɂɁȼɈȾɇɕɏ ȾɂɆȿɊȺ ɆȺɅɈɇɈɇɂɌɊɂɅȺ 

 
Ⱦ.Ʌ. Ɇɢɯɚɣɥɨɜ, Ⱥ.ɘ. Ⱥɥɟɤɫɟɟɜɚ, Ɇ.ɘ. ɂɟɜɥɟɜ, Ɉ.ȼ. ȿɪɲɨɜ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɑɭɜɚɲɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɂ.ɇ. ɍɥɶɹɧɨɜɚ» 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 428015, ɑɟɛɨɤɫɚɪɵ, Ɇɨɫɤɨɜɫɤɢɣ ɩɪ., 15. 
 e-mail: oleg.ershov@mail.ru 

 
Ɋɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɚɥɤɨɤɫɢɛɟɧɡɢɥɢɞɟɧɩɪɨɢɡɜɨɞɧɵɯ ɞɢɦɟɪɚ ɦɚɥɨɧɨɧɢɬɪɢɥɚ ɜ ɜɨɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɧɟɢɨɧɧɨɝɨ ɉȺȼ – ɬɪɢɬɨɧɚ ɏ-100. ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɛɥɚɫɬɶ ɢɯ 
ɷɦɢɫɫɢɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɫɢɧɟ-ɡɟɥɟɧɧɨɣ ɢ ɠɟɥɬɨɣ ɨɛɥɚɫɬɹɯ ɫɩɟɤɬɪɚ. 

A facile approach to the synthesis of alkoxybenzylidene derivatives of malononitrile dimer in water in the presence of 

non-ionic surfactant – Triton X-100 was developed. Solid-state fluorescence investigations have showed that emission area 

from blue-green to yellow depends on the position and quantity of alkoxy groups. 

 
Ⱥɪɢɥɦɟɬɢɥɢɞɟɧɩɪɨɢɡɜɨɞɧɵɟ ɞɢɦɟɪɚ ɦɚɥɨɧɨɧɢɬɪɢɥɚ (4-ɚɪɢɥ-2-ɚɦɢɧɨɛɭɬɚ-1,3-ɞɢɟɧ-1,1,3-

ɬɪɢɤɚɪɛɨɧɢɬɪɢɥɵ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚ ɢɯ 
ɨɫɧɨɜɟ ɫɨɡɞɚɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɝɟɬɟɪɨɰɢɤɥɵ. Ɋɚɧɟɟ ɫɨɨɛɳɚɥɨɫɶ, ɱɬɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɢɫɯɨɞɧɵɦɢ 
ɫɭɛɫɬɪɚɬɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɤɫɢɪɚɧɨɜ, ɬɢɨɮɟɧɨɜ, ɯɢɧɨɥɢɧɨɜ, ɬɢɟɧɨ[2,3-b]ɩɢɪɢɞɢɧɨɜ, ɩɢɪɢɞɢɧɨɜ, 
ɯɪɨɦɟɧɨ[2,3-b]ɩɢɪɢɞɢɧɨɜ, 1,8-ɧɚɮɬɢɪɢɞɢɧɨɜ, ɮɭɪɨ[3,2-c]ɢɡɨɫɟɥɟɧɚɡɨɥɨɜ, 2,6-
ɞɢɚɡɚɛɢɰɢɤɥɨ[2.2.2]ɨɤɬɚɧɨɜ ɢ 3-ɚɡɚɛɢɰɢɤɥɨ[3.1.0]ɝɟɤɫɚɧɨɜ. Ɍɚɤɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɪɹɞ 
ɢɥɢɞɟɧɩɪɨɢɡɜɨɞɧɵɯ ɞɢɦɟɪɚ ɦɚɥɨɧɨɧɢɬɪɢɥɚ ɩɪɢ ɧɚɥɢɱɢɢ ɞɨɧɨɪɧɵɯ ɝɪɭɩɩ ɜ ɡɚɦɟɫɬɢɬɟɥɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɩɪɹɠɟɧɧɭɸ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɭɸ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɫɨɡɞɚёɬ ɩɪɟɞɩɨɫɵɥɤɢ 
ɞɥɹ ɩɨɹɜɥɟɧɢɹ ɭ ɧɢɯ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɧɢɯ ɨɬɦɟɱɟɧɵ 
ɧɟɥɢɧɟɣɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

Ⱦɥɹ ɫɢɧɬɟɡɚ ɚɪɢɥɦɟɬɢɥɢɞɟɧɩɪɨɢɡɜɨɞɧɵɯ ɞɢɦɟɪɚ ɦɚɥɨɧɨɧɢɬɪɢɥɚ ɩɪɢɦɟɧɹɸɬ ɩɨɞɯɨɞɵ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɪɟɚɤɰɢɢ Ʉɧɟɜɟɧɚɝɟɥɹ ɦɟɠɞɭ ɞɢɦɟɪɨɦ ɦɚɥɨɧɨɧɢɬɪɢɥɚ ɢ ɤɚɪɛɨɧɢɥɶɧɵɦɢ 
ɫɨɟɞɢɧɟɧɢɹɦɢ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 

ɇɚɦɢ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɪɨɫɬɨɣ ɫɩɨɫɨɛ ɢɯ ɩɨɥɭɱɟɧɢɹ ɜ ɜɨɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɢɨɧɧɨɝɨ 
ɉȺȼ – Ɍɪɢɬɨɧɚ ɏ-100. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɩɨɥɭɱɚɬɶ ɪɹɞ 4-ɚɪɢɥ-2-ɚɦɢɧɨɛɭɬɚ-1,3-ɞɢɟɧ-1,1,3-
ɬɪɢɤɚɪɛɨɧɢɬɪɢɥɨɜ 1. 

 

 
Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɞɨɧɨɪɧɵɟ ɚɥɤɨɤɫɢɝɪɭɩɩɵ ɜ 

ɚɪɢɥɶɧɨɦ ɡɚɦɟɫɬɢɬɟɥɟ, ɮɥɭɨɪɟɫɰɢɪɭɸɬ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ. Ɇɚɤɫɢɦɭɦɵ ɢɫɩɭɫɤɚɧɢɹ 
ɚɥɤɨɤɫɢɛɟɧɡɢɥɢɞɟɧɩɪɨɢɡɜɨɞɧɵɯ ɞɢɦɟɪɚ ɦɚɥɨɧɨɧɢɬɪɢɥɚ, ɫɨɞɟɪɠɚɳɢɯ ɫɨɩɪɹɠёɧɧɵɣ ɞɨɧɨɪɧɨ-
ɚɤɰɟɩɬɨɪɧɵɯ ɮɪɚɝɦɟɧɬ, ɧɚɯɨɞɹɬɫɹ ɜ ɫɢɧɟ-ɡɟɥɟɧɨɣ ɢ ɠɟɥɬɨɣ ɨɛɥɚɫɬɹɯ ɫɩɟɤɬɪɚ. 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ №17-13-

01237). 
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ɍȾɄ 547.518 

 
ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɈɋɇɈȼɇɈɋɌɂ ɇɈȼɕɏ  

ɋɌɊɍɄɌɍɊɇɕɏ ȺɇȺɅɈȽɈȼ ȻɊɈɆȺɇɌȺɇȺ 

 
Ɇ.Ȼ. ɇɚɜɪɨɰɤɢɣ1, Ⱥ.ɋ. Ȼɚɛɭɲɤɢɧ1, ɂ.Ⱥ. ɇɨɜɚɤɨɜ1, Ⱥ.ɋ. əɛɥɨɤɨɜ1,  

ɋ.ɇ. ȼɨɥɨɛɨɟɜ2, Ⱦ.ɋ. ɒɟɣɤɢɧ1, ɂ.Ⱥ. Ʉɢɪɢɥɥɨɜ1  
1ɎȽȻɈɍ ȼɈ ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 400005, ȼɨɥɝɨɝɪɚɞ, ɩɪ. ɢɦɟɧɢ Ʌɟɧɢɧɚ, 28. 
2ɈɈɈ "ɅɍɄɈɃɅ-ȼɨɥɝɨɝɪɚɞɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɚ",  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ȼɨɥɝɨɝɪɚɞ, 400029, ɭɥ. 40 ɥɟɬ ȼɅɄɋɆ, 55. 
e-mail: yablok0v@mail.com  

 
Ɉɫɭɳɟɫɬɜɥёɧ ɫɢɧɬɟɡ ɢ ɨɰɟɧɤɚ ɨɫɧɨɜɧɨɫɬɢ ɧɨɜɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɚɧɚɥɨɝɨɜ ɛɪɨɦɚɧɬɚɧɚ ɫ ɩɨɜɵɲɟɧɧɨɣ 

ɤɨɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɭɱɟɧɧɵɟ ɚɧɚɥɨɝɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 
ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ, ɱɟɦ ɛɪɨɦɚɧɬɚɧ. 

Here we report the synthesis and evaluation of basicity of new structural analogues of bromantane with increased 

conformational flexibility. It was found that the investigated analogues can be prepared under significantly milder conditions 

than the bromantane itself. 

 
ȼ ɯɨɞɟ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɧɨɦɭ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɸ ɧɨɜɵɯ, ɤɨɧɮɨɪɦɚɰɢɨɧɧɨ 

ɩɨɞɜɢɠɧɵɯ ɚɧɚɥɨɝɨɜ ɛɪɨɦɚɧɬɚɧɚ, ɛɵɥ ɜɵɩɨɥɧɟɧ ɫɢɧɬɟɡ ɢ ɢɡɭɱɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɧɨɜɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ N-[(ɚɞɚɦɚɧɬɚɧ-1-ɢɥ)ɦɟɬɢɥ]ɚɧɢɥɢɧɚ. ɐɟɥɟɜɵɟ ɜɟɳɟɫɬɜɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɚɦɢɧɢɪɨɜɚɧɢɹ ɚɞɚɦɚɧɬɚɧ-1-ɤɚɪɛɚɥɶɞɟɝɢɞɚ ɢ ɟɝɨ 3-ɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 
ɪɚɡɥɢɱɧɵɦɢ ɚɪɢɥɚɦɢɧɚɦɢ ɩɨ Ʌɟɣɤɚɪɬɭ-ȼɚɥɥɚɯɭ: 

 

 
ɝɞɟ: 
R = H; Br; Cl; CN; OH 
Ar = Ph; 4-O2NC6H4; 3-O2NC6H4; 4-H2NC6H4; 3-H2NC6H4; 4-HOC6H4; 4-MeC6H4; 4-BrC6H4; 1-C10H7; 2-

C10H7. 

 
Ⱦɢɚɦɢɧɵ ɷɬɨɝɨ ɪɹɞɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬёɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɯ ɯɥɨɪɢɞɨɦ ɨɥɨɜɚ (II): 
 

 
 

ȼɜɢɞɭ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɣ ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ pKBH

+ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɧɢɬɪɨɦɟɬɚɧɟ. Ɂɧɚɱɟɧɢɹ pKBH
+ ɞɥɹ ɷɬɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɟ ɛɵɥɢ 

ɧɚɣɞɟɧɵ ɪɚɫɱёɬɧɵɦ ɩɭɬɟɦ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɧɚɢɦɟɧɟɟ ɨɫɧɨɜɧɵɟ ɜɟɳɟɫɬɜɚ, ɧɟ 

ɫɨɞɟɪɠɚɳɢɟ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɬɨɤɫɢɤɨɮɨɪɨɜ ɜ ɦɨɥɟɤɭɥɟ. 
 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɪɚɧɬɚ ɊɇɎ № 16-13-00100. 
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ɍȾɄ 548.737 

ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɄɊɂɋɌȺɅɅɂɑȿɋɄɈɃ ɋɌɊɍɄɌɍɊɕ  
3-((4-ɆȿɌɈɄɋɂɎȿɇɂɅ)ȾɂȺɁȿɇɂɅ)ɉȿɇɌȺɇ-2,4-ȾɂɈɇȺ ɆȿɌɈȾɈɆ 

ɊȿɇɌȽȿɇɈɋɌɊɍɄɌɍɊɇɈȽɈ ȺɇȺɅɂɁȺ 

ɏ.Ⱦ. ɇɚɝɢɟɜ, Ⱥ.ɘ. Ⱥɛɢɟɜɚ, ɍ.Ⱥ. Ƚɸɥɥɚɪɥɢ, Ⱥ.Ʉ. Ȼɚɛɚɟɜ, Ɏ.Ɇ. ɑɵɪɚɝɨɜ 
Ȼɚɤɢɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ 

Ⱥɡɟɪɛɚɣɞɠɚɧ, Az 1148, Ȼɚɤɭ, ɭɥ. Ɂ.ɏɚɥɢɥɨɜɚ, 23. 

e-mail: xalil-71@rambler.ru 

ɋɢɧɬɟɡɢɪɨɜɚɧ ɧɨɜɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɟɚɝɟɧɬ - 3-((4-ɦɟɬɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧɬɚɧ-2,4-ɞɢɨɧ ɫ ɚɡɨɫɨɱɟɬɚɧɢɟɦ 
ɞɢɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɩ-ɦɟɬɨɤɫɢɚɧɢɥɢɧɚ ɫ ɚɰɟɬɢɥɚɰɟɬɨɧɨɦ ɜ ɫɥɚɛɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ 
ɭɫɬɚɧɨɜɥɟɧɚ ɦɟɬɨɞɨɦ ɊɋȺ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɪɟɚɝɟɧɬ ɢɦɟɟɬ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ ɋ12ɇ14N2O3 ɢ ɦɨɧɨɤɥɢɧɧɭɸ ɫɢɧɝɨɧɢɸ. ɉɪɢ Ɍ=296 Ʉ: 
a=8,019(6), b=6,379(4), c=10,941(8) Å, α=90o, ȕ=94,430(13)o, Ȗ=90o, V=557,9(7) Å3, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/m, 

Z=2, ρ(ɜɵɱ.)=1,394 ɝ/ɫɦ3, μ=0,102 ɦɦ-1. Ɋɚɡɦɟɪ ɤɪɢɫɬɚɥɥɚ 0,20ɯ0,30ɯ0,27 ɦɦ. Ɍɚɤɠɟ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 
ɪɟɚɝɟɧɬ ɜ ɤɪɢɫɬɚɥɥɟ ɢɦɟɟɬ ɝɢɞɪɚɡɨ-ɮɨɪɦɭ.  

Has been synthesized a new organic reagent - 3 - ((4-methoxyphenyl) diazenil) pentane-2, 4-dione to coupling diazotized 

p-methoxyaniline with acetylacetone in alkalescent medium. The crystal structure has been established by XRD. As a result of 

X-ray analysis has been established that the synthesized reagent has the empirical formula ɋ12ɇ14N2O3 and monoclinic 

syngony. At T = 296 K: a=8,019(6), b=6,379(4), c=10,941(8) Å, α=90o, ȕ=94,430(13) o, Ȗ=90o, V=557, 9(7) Å3, space group 

P21 / m, z = 2, ρ (calc.) = 1.394 g / cm 3, μ = 0,102 mm-1. The crystal size is 0, 20ɯ0, 30ɯ0, 27 mm. It has also been proved 

that the synthesized reagent in the crystal has hydrazo- form. 

ɇɚ ɨɫɧɨɜɟ ɚɰɟɬɢɥɚɰɟɬɨɧɚ ɫɢɧɬɟɡɢɪɨɜɚɧ ɧɨɜɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɟɚɝɟɧɬ - 3-((4-
ɦɟɬɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧɬɚɧ-2,4-ɞɢɨɧ (ɇL) ɢ ɢɫɫɥɟɞɨɜɚɧɚ ɟɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ 
ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ (ɊɋȺ).  

Ɋɟɚɝɟɧɬ ɫɢɧɬɟɡɢɪɨɜɚɧ ɚɡɨɫɨɱɟɬɚɧɢɟɦ ɞɢɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɩ-ɦɟɬɨɤɫɢɚɧɢɥɢɧɚ ɫ ɚɰɟɬɢɥɚɰɟɬɨɧɨɦ 
ɜ ɫɥɚɛɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ [1]. Ⱦɥɹ ɞɢɚɡɨɬɢɪɨɜɚɧɢɹ ɩ-ɦɟɬɨɤɫɢɚɧɢɥɢɧɚ ɟɝɨ 3,075 ɝ (0,025 ɦɨɥɶ) 
ɪɚɫɬɜɨɪɹɸɬ ɜ 20 ɦɥ ɜɨɞɵ ɩɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ, ɫ ɞɨɛɚɜɥɟɧɢɟɦ 1,0 ɝ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɄɈɇ. 
Ɋɚɫɬɜɨɪ ɨɯɥɚɠɞɚɸɬ ɧɚ ɥɟɞɹɧɨɣ ɛɚɧɟ ɞɨ 00ɋ ɢ ɩɪɢɛɚɜɥɹɸɬ ɩɨɪɰɢɹɦɢ 1,725 ɝ (0,025 ɦɨɥɶ) NaNO2 ɜ 
ɬɟɱɟɧɢɟ 30 ɦɢɧ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ +50ɋ. Ɂɚɬɟɦ ɫɦɟɫɶ 2,55 ɦɥ (ρ=0,98 ɝ/ɫɦ3; 0,025 
ɦɨɥɶ) ɚɰɟɬɢɥɚɰɟɬɨɧɚ ɢ 15 ɦɥ ɷɬɚɧɨɥɚ ɨɯɥɚɠɞɚɸɬ ɜ ɥɟɞɹɧɨɣ ɛɚɧɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 11,952 ɝ (0,146 
ɦɨɥɶ) CH3COONa. Ɋɚɫɬɜɨɪ ɨɯɥɚɠɞɚɸɬ ɜ ɥɟɞɹɧɨɣ ɛɚɧɟ, ɜɜɨɞɹ ɩɨɪɰɢɹɦɢ ɫɭɫɩɟɧɡɢɸ ɞɢɚɡɨɧɢɹ ɩ-
ɦɟɬɨɤɫɢɚɧɢɥɢɧɚ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ. ȼ ɩɪɨɰɟɫɫɟ ɫɨɱɟɬɚɧɢɹ ɪɇ ɞɨɥɠɟɧ ɛɵɬɶ ɜ ɩɪɟɞɟɥɚɯ 8,0-10. 
Ɋɚɫɬɜɨɪ ɨɪɚɧɠɟɜɨɝɨ ɰɜɟɬɚ ɜɵɞɟɪɠɢɜɚɸɬ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ ɧɚɱɚɥɚ 
ɜɵɩɚɞɟɧɢɹ ɨɫɚɞɤɚ. ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ ɢ ɜɵɞɟɪɠɢɜɚɸɬ ɞɥɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɑɟɪɟɡ 3 ɫɭɬɤɢ ɢɡ ɦɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɵɩɚɞɚɸɬ ɢɝɨɥɶɱɚɬɵɟ 
ɦɨɧɨɤɪɢɫɬɚɥɥɵ, ɤɨɬɨɪɵɟ ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ, ɩɪɨɦɵɜɚɸɬ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɫɭɲɚɬ. 
Ɇɟɬɨɞɨɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧ ɫɨɫɬɚɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ. 

ɇɚɞɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 3-((4-ɦɟɬɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧɬɚɧ-2,4-ɞɢɨɧ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ 
ɜɢɞɟ ɬɪɟɯ ɬɚɭɬɨɦɟɪɧɵɯ ɮɨɪɦ – ɟɧɨɥ-ɚɡɨ (I), ɤɟɬɨ-ɚɡɨ (II) ɢ ɝɢɞɪɚɡɨ (III) [2]. 

 

 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɹɫɧɢɬɶ, ɤɚɤɭɸ ɢɡ ɷɬɢɯ ɬɚɭɬɨɦɟɪɧɵɯ ɮɨɪɦ ɢɦɟɟɬ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɟ 

ɫɨɟɞɢɧɟɧɢɟ, ɢɫɫɥɟɞɨɜɚɥɢ ɟɝɨ ɦɨɥɟɤɭɥɹɪɧɭɸ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɦɟɬɨɞɨɦ ɊɋȺ. 
Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɚ HL ɩɪɨɜɟɞɟɧɨ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Bruker 

SMART APEX II CCD (MoKa – ɢɡɥɭɱɟɧɢɟ, Ȝ=0,71073 Å, ɝɪɚɮɢɬɨɜɵɣ ɦɨɧɨɯɪɨɦɚɬɨɪ, φ- ɢ ω- 
ɫɤɚɧɢɪɨɜɚɧɢɟ, Ɍ=296 Ʉ). ɋɬɪɭɤɬɭɪɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɦɟɬɨɞɨɦ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦ 
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ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɣ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɬɢɩɚ N-H…O, 
ɥɨɤɚɥɢɡɨɜɚɧ ɜ ɪɚɡɧɨɫɬɧɨɦ ɫɢɧɬɟɡɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɟɝɨ ɩɨɥɨɠɟɧɢɟ ɭɬɨɱɧɹɥɨɫɶ ɜ 
ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ʉɨɨɪɞɢɧɚɬɵ ɨɫɬɚɥɶɧɵɯ ɚɬɨɦɨɜ ɇ ɪɚɫɫɱɢɬɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ 
ɭɬɨɱɧɹɥɢɫɶ ɜ ɦɨɞɟɥɢ “ɧɚɟɡɞɧɢɤɚ”. ȼɫɟ ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXTL [2]. CIF ɮɚɣɥ, 
ɫɨɞɟɪɠɚɳɢɣ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɩɨ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ HL ɛɵɥ ɞɟɩɨɧɢɪɨɜɚɧ ɜ CCDC 
ɩɨɞ ɧɨɦɟɪɨɦ 1492695, ɨɬɤɭɞɚ ɦɨɠɟɬ ɛɵɬɶ ɫɜɨɛɨɞɧɨ ɩɨɥɭɱɟɧ ɩɨ ɡɚɩɪɨɫɭ ɧɚ ɫɥɟɞɭɸɳɟɦ ɢɧɬɟɪɧɟɬ 
ɫɚɣɬɟ: www.ccdc.cam.ac.uk/data_request/cif  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɟ ɧɚɦɢ ɫɨɟɞɢɧɟɧɢɟ HL 
ɹɜɥɹɟɬɫɹ 3-((4-ɦɟɬɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧɬɚɧ-2,4-ɞɢɨɧɨɦ, ɢ ɢɦɟɟɬ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ 
ɋ12ɇ14N2O3 ɢ ɦɨɧɨɤɥɢɧɧɭɸ ɫɢɧɝɨɧɢɸ. ɉɪɢ Ɍ=296 Ʉ: a=8,019(6), b=6,379(4), c=10,941(8) Å, α=90o, 
ȕ=94,430(13)o, Ȗ=90o, V=557,9(7) Å3, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/m, Z=2, ρ(ɜɵɱ.)=1,394 ɝ/ɫɦ3, 
ȝ=0,102 ɦɦ-1. Ʉɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɨɜ ɪɚɫɯɨɞɢɦɨɫɬɢ: R1=0,0637, wR2=0,1323 (ɞɥɹ 732 
ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɨɬɪɚɠɟɧɢɣ ɫ I>2ı(I)), R1=0,0756, wR2=0,1484 ɩɨ ɜɫɟɦɭ ɦɚɫɫɢɜɭ ɧɟɡɚɜɢɫɢɦɵɯ 
ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɨɬɪɚɠɟɧɢɣ. Ɋɚɡɦɟɪ ɤɪɢɫɬɚɥɥɚ 0,20ɯ0,30ɯ0,27 ɦɦ. ɉɟɪɫɩɟɤɬɢɜɧɵɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫ 
ɧɭɦɟɪɚɰɢɟɣ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ.  

 
Ɋɢɫ.1. ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ HL ɫ ɧɭɦɟɪɚɰɢɟɣ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ 

ȼɫɟ ɚɬɨɦɵ ɦɨɥɟɤɭɥɵ ɧɚɯɨɞɹɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɡɟɪɤɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɚɬɨɦɵ 
ɜɨɞɨɪɨɞɚ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɪɚɡɭɩɨɪɹɞɨɱɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ. ȼ ɦɨɥɟɤɭɥɟ ɢɦɟɟɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ, ɬɢɩɚ N-H…O ɦɟɠɞɭ ɚɬɨɦɚɦɢ N(2) ɢ 
O(2) (ɪɚɫɫɬɨɹɧɢɹ N…O 2,784; N-ɇ 0,99; H…O 1,842 Å, ɭɝɨɥ NHO 118ɨ). Ɂɚ ɫɱɟɬ ɭɤɚɡɚɧɧɨɣ 
ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɨɛɪɚɡɭɟɬɫɹ ɩɥɨɫɤɢɣ ɲɟɫɬɢɱɥɟɧɧɵɣ ɰɢɤɥ 
O(2)H(1N)N(2)N(1)C(1)C(4). Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɬɨɝɨ ɰɢɤɥɚ (ɞɥɢɧɵ ɫɜɹɡɟɣ, ɜɚɥɟɧɬɧɵɟ ɢ 
ɬɨɪɫɢɨɧɧɵɟ ɭɝɥɵ) ɛɥɢɡɤɢ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ 
ɧɚ ɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɶ. Ɍɨɪɫɢɨɧɧɵɟ ɭɝɥɵ N(2)-N(1)-C(1)-C(4) ɢ N(1)-C(1)-C(4)-O(2) ɪɚɜɧɵ 0ɨ, ɢ 
ɪɚɡɜɨɪɨɬ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ ɚɬɨɦɚɯ N(2) ɢ C(1) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɟɧ. ɗɬɨ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ 
ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɚ ɢɦɟɟɬ ɭɩɥɨɳɟɧɧɭɸ ɩɥɨɫɤɭɸ ɮɨɪɦɭ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɤ 
ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɜɹɡɹɦɢ (ɫɨɩɪɹɠɟɧɢɟ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɜɨɞɨɪɨɞɧɚɹ 
ɫɜɹɡɶ), ɬɚɤ ɢ ɜɥɢɹɧɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɥɹ (ɭɩɚɤɨɜɤɨɣ ɦɨɥɟɤɭɥ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞɨɦ ɊɋȺ ɞɨɤɚɡɚɧɨ, ɱɬɨ 3-((4-ɦɟɬɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧɬɚɧ-2,4-ɞɢɨɧ ɜ 
ɤɪɢɫɬɚɥɥɟ ɢɦɟɟɬ ɝɢɞɪɚɡɨ-ɮɨɪɦɭ. Ɉɞɧɚ ɢɡ ɤɟɬɨɝɪɭɩɩ ɦɨɥɟɤɭɥɵ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ 
ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɬɢɩɚ N-H…O, ɢ ɷɬɢɦ ɡɚɬɪɭɞɧɹɟɬɫɹ ɟё ɭɱɚɫɬɢɟ ɜ ɪɟɚɤɰɢɢ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɫ ɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ. 
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ɍȾɄ 547.833.3 

ɉɈɅɍɑȿɇɂȿ ɈɋɇɈȼȺɇɂɃ ɒɂɎɎȺ ɇȺ ɈɋɇɈȼȿ  
1-ȺɊɈɂɅ-3,4-ȾɂȽɂȾɊɈɂɁɈɏɂɇɈɅɂɇɈȼ  

Ⱥ.Ⱥ. ɇɟɜɫɤɚɹ, Ɍ.ɇ. Ȼɨɪɢɫɨɜɚ, Ʌ.Ƚ. ȼɨɫɤɪɟɫɟɧɫɤɢɣ, Ⱥ.ȼ. ȼɚɪɥɚɦɨɜ 
Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 117198, Ɇɨɫɤɜɚ, ɭɥ. Ɇɢɤɥɭɯɨ-Ɇɚɤɥɚɹ, ɞ. 6. 

e-mail: nevskaya.alisa@gmail.com  

Ɉɩɢɫɚɧɵ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ ɨɫɧɨɜɚɧɢɣ ɒɢɮɮɚ ɧɚ ɨɫɧɨɜɟ ɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 
ɫɨɞɟɪɠɚɬ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ. 

The report provided a description of the preparation of imins, based on pyrrolo [2,1-a] isoquinolines. The obtained 

compounds contain hydroxyl groups that are suitable for further modification. 

Ɇɧɨɝɢɟ ɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɵ ɩɪɢɪɨɞɧɨɝɨ ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɨɛɥɚɞɚɸɬ 
ɩɨɥɟɡɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɬɟɧɬɨɜ ɢ 
ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ. 

ɋɢɧɬɟɡ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɫɨɞɟɪɠɚɳɢɯ ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɨɜɵɣ 
ɮɪɚɝɦɟɧɬ ɢɡ 1-ɚɪɨɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɨɜ - ɨɞɧɨ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɚɮɟɞɪɵ 
ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɊɍȾɇ [1]. Ɉɞɧɚɤɨ ɛɨɥɶɲɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɨɜ 
ɦɨɠɟɬ ɡɚɬɪɭɞɧɹɬɶ ɞɢɮɮɭɡɢɸ ɥɟɤɚɪɫɬɜɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɧɵɟ ɛɚɪɶɟɪɵ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɨɣ 
ɩɪɨɛɥɟɦɵ ɦɨɥɟɤɭɥɭ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɫɜɹɡɵɜɚɸɬ ɫ ɤɚɬɟɩɫɢɧ-Ȼ ɪɚɫɳɟɩɥɹɟɦɵɦ ɥɢɧɤɟɪɨɦ 
[2]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɢɡɛɢɪɚɬɟɥɶɧɨ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɨɩɭɯɨɥɟɜɨɣ ɬɤɚɧɢ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɧɹɟɦɨɝɨ ɩɪɟɩɚɪɚɬɚ. ɉɟɩɬɢɞɧɵɣ ɥɢɧɤɟɪ 
ɨɛɥɚɞɚɟɬ ɧɚɩɪɚɜɥɹɸɳɢɦ ɫɜɨɣɫɬɜɨɦ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɜɜɨɞ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɜ ɨɪɝɚɧɢɡɦ.  

ɋɜɹɡɶ ɤɚɬɟɩɫɢɧ-Ȼ ɥɢɧɤɟɪɚ ɫ ɦɨɥɟɤɭɥɨɣ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ. Ⱦɥɹ ɜɜɟɞɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɮɭɧɰɢɨɧɚɥɶɧɨɣ ɝɪɭɩɩɵ 
ɨɩɬɢɦɚɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɛɵɥɨ ɩɪɢɡɧɚɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɨɝɨ ɩɚɪɚ-
ɚɦɢɧɨɮɟɧɨɥɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɩɢɪɪɨɥɨɢɡɨɯɢɧɨɥɢɧɨɜ 4-9 ɫ ɩɚɪɚ-ɚɦɢɧɨɮɟɧɨɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɛɵɥ ɩɨɥɭɱɟɧ ɪɹɞ ɢɦɢɧɨɜ 10-15, 
ɫɨɞɟɪɠɚɳɢɯ ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɭ. 

ɋɬɪɨɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɨ ɤɨɦɩɥɟɤɫɨɦ ɫɩɟɤɬɪɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ 15-33-20187 ɦɨɥ_ɚ_ɜɟɞ, ɝɪɚɧɬ 

14-03-00311, ɝɪɚɧɬ 17-03-00605) ɢ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ, ɩɪɨɟɤɬ 2042 ɢ 
ɫɨɝɥɚɲɟɧɢɟ №02.ɚ03.21.0008). 
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T.N. Borisova,  M.D. Matveeva, V.N. Khrustalev,  A.V. Aksenov,  A.A. Titov, A.E. Vartanova and A.V. Varlamov. // RSC 
Advance. – 2016. – Vol. 6. – P. 74068-74071. – doi: 10.1039/C6RA15810B. 

2. Cathepsin B-Labile dipeptide linkers for lysosomal release of doxorubicin from internalizing immunoconjugates: 
Model Studies of Enzymatic Drug Release and Antigen-Specific In Vitro Anticancer Activity/ G.M. Dubowchik, R.A. 
Firestone, L. Padilla, D. Willner, S.J. Hofstead, K. Mosure, J.O. Knipe, S.J. Lasch, P.A. Trail // Bioconjugate Chem.  – 2002. 
– Vol. 13. – iss. 9. – P. 855-869. – doi: 10.1021/bc025536j. 
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ȼɩɟɪɜɵɟ ɨɫɭɳɟɫɬɜɥɟɧɨ ɜɜɟɞɟɧɢɟ α-ɝɢɞɪɨɤɫɢɛɟɧɡɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ α-ɩɨɥɨɠɟɧɢɟ ɩɪɨɥɢɧɚ. Ɉɩɢɫɚɧɧɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɚɫɬɟɪɟɨɫɟɥɟɤɬɢɜɧɭɸ ɚɥɶɞɨɥɶɧɭɸ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɸ ɩɪɨɥɢɧɚ 
ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɚɥɶɞɟɝɢɞɚɦɢ ɢ ɞɟɥɚɟɬ ɞɨɫɬɭɩɧɵɦɢ ɰɟɥɵɣ ɪɹɞ ɧɨɜɵɯ α-ɡɚɦɟɳɟɧɧɵɯ ɩɪɨɥɢɧɨɜ. 

Introduction of α-hydroxybenzyl substituent at the α-position of proline was carried out for the first time. This sequence 

of reactions is a diastereoselective aldol functionalization of proline by aromatic aldehydes and makes available a number of 

new α-substituted prolines. 

 
[3+2] ɐɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɡɨɦɟɬɢɧ-ɢɥɢɞɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɭɞɨɛɧɵɯ ɦɟɬɨɞɨɜ 

ɫɢɧɬɟɡɚ ɫɥɨɠɧɵɯ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɜɢɞɭ ɞɨɫɬɭɩɧɨɫɬɢ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɩɪɨɫɬɨɬɵ ɫɜɨɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɢ ɫɜɨɣɫɬɜɟɧɧɨɣ ɟɦɭ ɜɵɫɨɤɨɣ ɫɬɟɪɟɨɫɟɥɟɤɬɢɜɧɨɫɬɢ [1]. ɇɚ ɟɝɨ 
ɨɫɧɨɜɟ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ α-(α-ɝɢɞɪɨɤɫɢɛɟɧɡɢɥ)ɩɪɨɥɢɧɨɜ 4a–f ɢɡ ɩɪɨɥɢɧɚ 1 
ɱɟɪɟɡ ɫɬɚɞɢɸ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 2-ɨɤɫɚɩɢɪɪɨɥɢɡɢɞɢɧɨɜ 3a–f, ɩɨɥɭɱɚɸɳɢɯɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɢɡɨɦɟɪɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɬɢɥɩɪɨɥɢɧɚɬɚ 2 ɫ ɞɜɭɦɹ ɦɨɥɟɤɭɥɚɦɢ 
ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɚɥɶɞɟɝɢɞɚ (ɋɯɟɦɚ 1). ɇɚɣɞɟɧɵ ɭɫɥɨɜɢɹ ɞɥɹ ɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɝɢɞɪɨɥɢɡɚ, 
ɪɚɫɤɪɵɬɢɹ ɨɤɫɚɡɨɥɢɞɢɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɜɵɞɟɥɟɧɢɹ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɷɬɨɦ α-(α-
ɝɢɞɪɨɤɫɢɛɟɧɡɢɥ)ɩɪɨɥɢɧɨɜ 4 ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɢɞɟ ɨɞɧɨɝɨ ɞɢɚɫɬɟɪɟɨɦɟɪɚ (5 ɫɬɚɞɢɣ ɢɫɯɨɞɹ ɢɡ 
ɩɪɨɥɢɧɚ, ɨɛɳɢɣ ɜɵɯɨɞ 33–50%, ɫɨɞɟɪɠɚɧɢɟ ɜɬɨɪɨɝɨ ɞɢɚɫɬɟɪɟɨɦɟɪɚ 0–9%). 

 

 
 

ɋɯɟɦɚ 1. α-Ɏɭɧɤɰɢɨɧɚɥɢɡɚɰɢɹ ɩɪɨɥɢɧɚ 
 

ȼ ɫɩɟɤɬɪɚɯ 1H əɆɊ ɚɦɢɧɨɤɢɫɥɨɬ 4a–f, ɡɚɩɢɫɚɧɧɵɯ ɜ D2O, ɧɚɛɥɸɞɚɸɬɫɹ ɫɥɚɛɨɩɨɥɶɧɵɟ 
ɫɢɧɝɥɟɬɵ ɛɟɧɡɢɥɶɧɵɯ ɩɪɨɬɨɧɨɜ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɜ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ ɩɪɢ 5.15–5.18 ɦ. ɞ., ɢ 
ɦɭɥɶɬɢɩɥɟɬɵ ɲɟɫɬɢ ɫɢɝɧɚɥɨɜ ɞɢɚɫɬɟɪɟɨɬɨɩɧɵɯ ɦɟɬɢɥɟɧɨɜɵɯ ɩɪɨɬɨɧɨɜ ɩɢɪɪɨɥɢɞɢɧɨɜɨɝɨ ɤɨɥɶɰɚ 
ɜ ɨɛɥɚɫɬɢ 1.64–3.42 ɦ.ɞ. ɋɬɟɪɟɨɯɢɦɢɹ ɫɚɦɨɝɨ ɩɪɨɫɬɨɝɨ 2-ɨɤɫɚɩɢɪɪɨɥɢɡɢɞɢɧɚ 3a ɛɵɥɚ ɪɚɧɟɟ 
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ɫɬɪɨɝɨ ɞɨɤɚɡɚɧɨ ɫ ɩɨɦɨɳɶɸ NOE əɆɊ ɷɤɫɩɟɪɢɦɟɧɬɚ [2]. ɉɨɫɤɨɥɶɤɭ ɜ ɯɨɞɟ ɝɢɞɪɨɥɢɡɚ ɚɞɞɭɤɬɨɜ 3 
ɫɜɹɡɶ ɦɟɠɞɭ ɛɟɧɡɢɥɶɧɵɦ ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ ɢ ɚɬɨɦɨɦ ɋ-2 ɩɢɪɪɨɥɢɞɢɧɨɜɨɝɨ ɤɨɥɶɰɚ ɧɟ 
ɡɚɬɪɚɝɢɜɚɟɬɫɹ, ɫɬɟɪɟɨɤɨɧɮɢɝɭɪɚɰɢɹ ɷɬɢɯ ɯɢɪɚɥɶɧɵɯ ɰɟɧɬɪɨɜ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɢ ɩɪɨɞɭɤɬɵ 4 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɪɚɰɟɦɢɱɟɫɤɭɸ ɫɦɟɫɶ R,S-ɞɢɚɫɬɟɪɟɨɦɟɪɚ. 

Ʉɪɨɦɟ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɚɤ ɫɬɪɭɤɬɭɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɣ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ, ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɧɚɥɢɱɢɹ ɭ ɧɢɯ ɢ ɜɚɠɧɵɯ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ, ɩɨɫɤɨɥɶɤɭ ɫɬɪɭɤɬɭɪɚ 4 ɛɥɢɡɤɚ ɤ ɬɚɤɢɦ ɢɡɜɟɫɬɧɵɦ ɥɟɤɚɪɫɬɜɟɧɧɵɦ ɩɪɟɩɚɪɚɬɚɦ, ɤɚɤ 
Ɇɟɬɢɥɞɨɩɚ 5 ɢ Ⱦɪɨɤɫɢɞɨɩɚ 6 (Ɋɢɫ. 1.). ɉɨɫɥɟɞɧɢɟ ɹɜɥɹɸɬɫɹ ɦɨɞɭɥɹɬɨɪɚɦɢ ɚɪɬɟɪɢɚɥɶɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɟɝɨ ɩɨɧɢɠɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
Ɋɢɫ. 1. Ȼɥɢɡɤɢɟ ɩɨ ɫɬɪɭɤɬɭɪɟ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɜɟɳɟɫɬɜɚ 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɇɎ (Ƚɪɚɧɬ 14-13-00388). 
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ȻɍɌɂɅȾɂɈɅɎȿɊɊɈɐȿɇɂɅȿɇɈɆ ɂ 1,1’-(1,3-ȻɍɌɂɅȾɂɈɅ)ɎȿɊɊɈɐȿɇɂɅȿɇɈɆ  
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ɂɡɭɱɟɧɵ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɢɥɚɦɢɧɚ ɫ 1,3-ɛɭɬɢɥɞɢɨɥɮɟɪɪɨɰɟɧɢɥɟɧɨɦ ɢ 1,1’-(1,3-

ɛɭɬɢɥɞɢɨɥ)ɮɟɪɪɨɰɟɧɢɥɟɧɨɦ. Ɉɩɢɫɚɧɵ ɭɫɥɨɜɢɹ ɢ ɨɬɦɟɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. Ɉɬɪɚɛɨɬɚɧ ɦɟɬɨɞ 
ɩɨɥɭɱɟɧɢɹ ɜɟɳɟɫɬɜ. ɉɪɨɜɟɞёɧ ɩɟɪɜɢɱɧɵɣ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜɟɳɟɫɬɜ. 

The reaction of ethylamine with 1,3-butildiolferrocenylene and 1,1 '- (1,3-butyldiol) ferrocenylene was studied. Features 

and conditions of the process are described and noted. The method of obtaining substances has been worked out. The 

primary analysis of the obtained substances was carried out. 

 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɭɞɟɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɢɡɭɱɟɧɢɸ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɮɟɪɪɨɰɟɧɚ. ɉɨɞɨɛɧɵɟ ɜɟɳɟɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 
ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɨɞɧɨɣ ɦɨɥɟɤɭɥɟ ɧɟɫɤɨɥɶɤɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɢ ɬɟɦ ɫɚɦɵɦ 
ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɫɲɢɪɟɧɢɸ ɞɢɚɩɚɡɨɧɚ ɜɨɡɦɨɠɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɮɟɪɪɨɰɟɧɚ ɜ 
ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [1,2]. 

Ɋɟɚɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɢɥɚɦɢɧɚ ɫ 1,3-ɛɭɬɢɥɞɢɨɥɮɟɪɪɨɰɟɧɢɥɟɧɨɦ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɨ 
ɞɜɭɦ ɝɢɞɪɨɤɫɢɥɶɧɵɦ ɝɪɭɩɩɚɦ ɢ ɩɪɢɜɨɞɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢ ɤ ɬɪɟɦ ɩɪɨɞɭɤɬɚɦ, ɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɩɪɨɞɭɤɬ ɩɨɥɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɞɥɹ ɟɝɨ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ [3,4].  

 

 
 

ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 60-70ɨɋ ɜ ɬɟɱɟɧɢɟ 4 ɱɚɫɨɜ ɜ ɫɪɟɞɟ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ (50 ɦɥ) ɫ ɷɤɜɢɦɨɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɬɢɥɚɦɢɧɚ. Ɂɚ ɯɨɞɨɦ ɫɢɧɬɟɡɚ ɫɥɟɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 
ɬɨɧɤɨɫɥɨɣɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. ɉɪɢɡɧɚɤɨɦ ɨɤɨɧɱɚɧɢɹ ɪɟɚɤɰɢɢ ɫɥɭɠɢɥɨ ɪɟɡɤɨɟ ɩɨɬɟɦɧɟɧɢɟ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɢ ɩɪɨɹɜɥɟɧɢɟ ɨɞɧɨɝɨ ɩɹɬɧɚ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɤɟ, ɨɬɥɢɱɧɨɝɨ ɨɬ 
ɢɫɯɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ – ɫɩɢɪɬɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɩɪɨɰɟɫɫɚ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɨɯɥɚɠɞɚɥɢ ɞɨ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨɛɚɜɥɹɥɢ 50 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɧɟɣɬɪɚɥɢɡɨɜɵɜɚɥɢ 
ɤɚɪɛɨɧɚɬɨɦ ɧɚɬɪɢɹ. ȼɵɩɚɜɲɟɟ ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ ɩɪɨɦɵɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. 
Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɪɨɞɭɤɬ ɪɚɫɬɜɨɪɹɥɢ ɜ ɷɬɢɥɚɰɟɬɚɬɟ ɢ ɨɱɢɳɚɥɢ, ɩɪɨɩɭɫɤɚɹ ɱɟɪɟɡ 
ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɭɸ ɤɨɥɨɧɤɭ ɫ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ (Al2O3). ɂɫɩɨɥɶɡɭɟɦɵɟ ɭɫɥɨɜɢɹ ɩɪɨɰɟɫɫɚ 
ɩɨɡɜɨɥɢɥɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɜɟɳɟɫɬɜɨ ɫ ɜɵɯɨɞɨɦ 59,76%. 

ɉɨɥɭɱɟɧɧɵɣ 1-ɮɟɪɪɨɰɟɧɢɥ-1,3-(N-ɷɬɢɥɚɦɢɧɨ)ɛɭɬɚɧ (I) ɩɪɟɞɫɬɚɜɥɹɟɬ ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ 
ɤɪɚɫɧɨ-ɛɭɪɨɝɨ ɰɜɟɬɚ. 

Ɋɟɚɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɢɥɚɦɢɧɚ ɫ 1,1’-(1,3-ɛɭɬɢɥɞɢɨɥ)ɮɟɪɪɨɰɟɧɢɥɟɧɨɦ ɬɟɨɪɟɬɢɱɟɫɤɢ 
(ɩɨɞɨɛɧɨ ɪɟɚɤɰɢɢ ɫ 1,3-ɛɭɬɢɥɞɢɨɥɮɟɪɪɨɰɟɧɢɥɟɧɨɦ) ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɨ ɱɟɬɵɪɟɦ ɝɢɞɪɨɤɫɢɥɶɧɵɦ 
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ɝɪɭɩɩɚɦ ɢ ɩɪɢɜɨɞɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢ ɤ ɫɟɦɢ ɩɪɨɞɭɤɬɚɦ, ɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɛɵɥ ɩɨɥɭɱɟɧ 
ɩɪɨɞɭɤɬ ɩɨɥɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɞɥɹ ɟɝɨ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

 
 

ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 60-70ɨɋ ɜ ɬɟɱɟɧɢɟ 8 ɱɚɫɨɜ ɜ ɫɪɟɞɟ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ (50 ɦɥ) ɫ ɷɤɜɢɦɨɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɬɢɥɚɦɢɧɚ. Ɂɚ ɯɨɞɨɦ ɫɢɧɬɟɡɚ ɫɥɟɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 
ɬɨɧɤɨɫɥɨɣɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. ɉɪɢɡɧɚɤɨɦ ɨɤɨɧɱɚɧɢɹ ɪɟɚɤɰɢɢ ɫɥɭɠɢɥɨ ɪɟɡɤɨɟ ɩɨɬɟɦɧɟɧɢɟ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɢ ɜɵɞɟɥɟɧɢɟ ɨɞɧɨɣ ɬɨɱɤɢ ɧɚ ɩɥɚɫɬɢɧɤɟ, ɨɬɥɢɱɧɨɣ ɨɬ ɢɫɯɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ – 
ɫɩɢɪɬɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɩɪɨɰɟɫɫɚ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɨɯɥɚɠɞɚɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɞɨɛɚɜɥɹɥɢ 50 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɧɟɣɬɪɚɥɢɡɨɜɵɜɚɥɢ ɤɚɪɛɨɧɚɬɨɦ ɧɚɬɪɢɹ. ȼɵɩɚɜɲɟɟ  
ɜɟɳɟɫɬɜɨ ɩɪɨɦɵɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɪɨɞɭɤɬ ɪɚɫɬɜɨɪɹɥɢ ɜ 
ɷɬɢɥɚɰɟɬɚɬɟ ɢ ɨɱɢɳɚɥɢ ɱɟɪɟɡ ɤɨɥɨɧɤɭ ɫ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ (Al2O3). ɂɫɩɨɥɶɡɭɟɦɵɟ ɭɫɥɨɜɢɹ 
ɩɪɨɰɟɫɫɚ ɩɨɡɜɨɥɢɥɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɫ ɜɵɯɨɞɨɦ 48,21%. 

ɉɨɥɭɱɟɧɧɵɣ ɮɟɪɪɨɰɟɧɢɥɟɧ-1,1’-ɛɢɫ-(1,3)-ɞɢ(ɚɦɢɧɨɷɬɢɥ)ɛɭɬɚɧ (II) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɫɥɨ 
ɬɟɦɧɨ-ɛɭɪɨɝɨ ɰɜɟɬɚ. 

ȼɫɥɟɞɫɬɜɢɟ ɫɬɟɪɢɱɟɫɤɢɯ ɩɪɟɩɹɬɫɬɜɢɣ ɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɟ ɪɟɚɤɰɢɹ ɫ ɬɟɬɪɚɨɥɨɦ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɩɪɨɬɟɤɚɟɬ ɜ 2 ɪɚɡɚ ɞɨɥɶɲɟ ɢ ɞɚɟɬ ɧɢɡɤɢɣ ɜɵɯɨɞ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɢɨɥɨɦ. 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
Ɍɚɛɥɢɰɚ.  

ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ1-ɮɟɪɪɨɰɟɧɢɥ-1,3-(N-ɷɬɢɥɚɦɢɧɨ)ɛɭɬɚɧɚ (I) ɢ  
ɮɟɪɪɨɰɟɧɢɥɟɧ-1,1’-ɛɢɫ-(1,3)-ɞɢ(ɚɦɢɧɨɷɬɢɥ)ɛɭɬɚɧɚ (II) 

№ ɂɄ-ɫɩɟɤɬɪ, ɫɦ-1 

 Ɏɟɪɪɨɰɟɧ ɉɪɨɱɢɟ 

I 750, 1160, 1380 2960 (CH3); 1600(N-R); 1500, 1310 (R2N), 1250-1035(C-N). 

II 730,1160,1380 2950(CH3); 1575(N-R); 1475, 1300 (R2N), 1230-1040(C-N). 
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ȻɂɈɅɈȽɂɑȿɋɄɂ ȺɄɌɂȼɇɕȿ ɉɊɈɂɁȼɈȾɇɕȿ 1,2,4-ɈɄɋȺȾɂȺɁɈɅȺ,  
ɋɈȾȿɊɀȺɓɂȿ ȾɂɎȿɇɂɅɈɄɋɂȾɇɕɃ ɎɊȺȽɆȿɇɌ 

 
ɘ.ȼ. ɉɨɩɨɜ, Ɍ.Ʉ. Ʉɨɪɱɚɝɢɧɚ, ȼ.ɋ. Ʌɨɛɚɫɟɧɤɨ, Ɍ.ɘ. Ʉɚɫɫɨɜɚ 

ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 400005, ȼɨɥɝɨɝɪɚɞ, ɩɪ. Ʌɟɧɢɧɚ, 28. 
 e-mail: tatiana.kassova@mail.ru 

 
ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɧɨɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 1,2,4-ɨɤɫɚɞɢɚɡɨɥɨɜ. ɉɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɹɜɥɹɸɬɫɹ ɛɚɡɢɫɨɦ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɢɤ ɩɨɥɭɱɟɧɢɹ ɲɢɪɨɤɨɝɨ ɪɹɞɚ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɩɨɡɜɨɥɹɸɬ 
ɪɚɫɲɢɪɢɬɶ ɨɛɥɚɫɬɢ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɡɚ ɫɱɟɬ ɫɨɱɟɬɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɚɪɦɚɤɨɮɨɪɨɜ ɜ ɦɨɥɟɤɭɥɟ.  

A novel derivatives of 1,2,4-oxadiazoles have been synthesized. These results are the basis for efficient procedures for 

preparing a wide variety of polyfunctional organic substances, and can extend the field of application by combining different 

pharmacophores in the molecule. 

 

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɧɚɲɢɯ ɪɚɛɨɬ ɩɨ ɫɢɧɬɟɡɭ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ 
ɞɢɮɟɧɢɥɨɤɫɢɞɧɵɣ ɮɪɚɝɦɟɧɬ [1,2,3], ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɩɪɨɝɧɨɡɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ PASS ɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɯɨɞɫɬɜɚ ɫ ɪɟɮɟɪɟɧɫɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ, ɧɚɦɢ ɛɵɥɢ 
ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɟɤɨɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 3,5-ɞɢɡɚɦɟɳɟɧɧɵɯ-1,2,4-ɨɤɫɚɞɢɚɡɨɥɨɜ. 

3,5-Ⱦɢɡɚɦɟɳɟɧɧɵɟ-1,2,4-ɨɤɫɚɞɢɚɡɨɥɵ (I-VIII) ɩɨɥɭɱɟɧɵ ɧɚɦɢ ɜɩɟɪɜɵɟ ɨɞɧɨɪɟɚɤɬɨɪɧɵɦ 
ɫɢɧɬɟɡɨɦ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ (ɪɢɫ.1). ɉɟɪɜɵɣ ɷɬɚɩ – ɨɛɪɚɡɨɜɚɧɢɟ ɚɦɢɞɨɤɫɢɦɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɧɢɬɪɢɥɚ, ɜɬɨɪɨɣ ɷɬɚɩ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɦɢɞɨɤɫɢɦɚ ɧɢɬɪɢɥɚ ɢ ɯɥɨɪɚɧɝɢɞɪɢɞɚ 
ɤɢɫɥɨɬɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɰɢɤɥɚ 1,2,4-ɨɤɫɚɞɢɚɡɨɥɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɨɞɟɝɢɞɪɚɬɚɰɢɟɣ [4]. 
ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɢ ɩɪɢ t=90 °ɋ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ ɜ ɫɪɟɞɟ ȾɆɎȺ. ɋɬɪɨɟɧɢɟ ɢ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɦɚɫɫ-, ɂɄ- ɢ əɆɊ 1ɇ – ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ. 

 

 
 

R1 = C6H5OC6H4 (I), C3H7C(O)OC(CH3)2 (VII), C6H5C(O)OC(CH3)2 (VIII)   
R2 = C6H5OC6H4, C6H5 (II), C3H7 (III), C3H5 (IV), C4H3S (V), CH3 (VI)  

 
Ɋɢɫ.1. Ɋɟɚɤɰɢɹ ɨɛɪɚɡɨɜɚɧɢɹ 3,5-ɞɢɡɚɦɟɳɟɧɧɵɯ-1,2,4-ɨɤɫɚɞɢɚɡɨɥɨɜ 
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№ 6. - ɋ. 700-702. - Ⱥɧɝɥ. 
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Ʉɨɪɱɚɝɢɧɚ, ȼ.ɋ. Ʌɨɛɚɫɟɧɤɨ; ȼɨɥɝȽɌɍ – ȼɨɥɝɨɝɪɚɞ, 2015. – 248 ɫ. 

4. Mild and efficient one-pot synthesis of 3,5-disubstituted 1,2,4-oxadiazoles from nitriles mediated by K3PO4 / 
Barahman Movassagh, Farzaneh Talebsereshki, International Journal for Rapid Communication of Synthetic Organic 
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ɍȾɄ 546.865; 546.856; 547.53.024; 548.312.5 

 
ɋɂɇɌȿɁ ɂ ɋɌɊɈȿɇɂȿ ȾɂɄȺɊȻɈɄɋɂɅȺɌɈȼ 

ɌɊɂɋ(3-ɎɌɈɊɎȿɇɂɅ)ɋɍɊɖɆɕ (3-FC6H4)3Sb[OC(O)R]2 

(R = CH2Cl, Ph, CH2C6H4NO2-4, C10H15) 

 
Ɋ.ȼ. Ɋɟɲɟɬɧɢɤɨɜɚ, ȿ.ȼ. Ʌɨɛɚɧɨɜɚ, ȼ.ȼ. ɒɚɪɭɬɢɧ, Ɉ.Ʉ. ɒɚɪɭɬɢɧɚ 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɘɠɧɨ-ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 454080, ɑɟɥɹɛɢɧɫɤ, ɉɪɨɫɩɟɤɬ ɢɦ. ȼ.ɂ.Ʌɟɧɢɧɚ, 76.  
ɬɟɥ.: (351) 267-95-70. 

e-mail: reginareshetnikova@gmail.com  

 
Ɉɤɢɫɥɢɬɟɥɶɧɵɦ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɤ ɬɪɢɫ(3-ɮɬɨɪɮɟɧɢɥ)ɫɭɪɶɦɟ ɜ ɷɮɢɪɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɬɪɟɬɢɱɧɨɝɨ ɛɭɬɢɥɚ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɞɢɤɚɪɛɨɤɫɢɥɚɬɵ ɬɪɢɫ(3ɮɬɨɪɮɟɧɢɥ)ɫɭɪɶɦɵ. 
Tris(3-fluorophenyl)antimony dicarboxylates were received for the first time by oxidative addition of carboxylic acids to 

tris(3-fluorophenyl)antimony in the presence of tert-butyl hydroperoxide in ether. 

 
Ⱦɢɤɚɪɛɨɤɢɥɚɬɵ ɬɪɢɚɪɢɥɫɭɪɶɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɛɥɚɝɨɞɚɪɹ ɩɪɨɹɜɥɹɟɦɨɣ ɢɦɢ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɪɹɞɨɦ ɚɜɬɨɪɨɜ [13]. 
ɂɡ ɜɫɟɯ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɢ ɫɬɪɭɤɬɭɪɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɯ ɞɢɤɚɪɛɨɤɫɢɥɚɬɨɜ 

ɬɪɢɨɪɝɚɧɢɥɫɭɪɶɦɵ ɧɚɢɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɟɧɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ [4]. Ɂɧɚɱɢɬɟɥɶɧɨ 
ɦɟɧɟɟ ɢɡɭɱɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɚɪɢɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɶɰɚɯ ɢɦɟɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ, ɧɚɩɪɢɦɟɪ, ɝɚɥɨɝɟɧɵ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɟɤɨɬɨɪɵɟ ɞɢɤɚɪɛɨɤɫɢɥɚɬɵ ɬɪɢɫ(3-
ɮɬɨɪɮɟɧɢɥ)ɫɭɪɶɦɵ ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɢɯ ɫɬɪɨɟɧɢɹ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ 
ɚɧɚɥɢɡɚ (ɊɋȺ).  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɬɪɢɫ(3-ɮɬɨɪɮɟɧɢɥ)ɫɭɪɶɦɵ ɫ ɤɚɪɛɨɧɨɜɵɦɢ ɤɢɫɥɨɬɚɦɢ ɜ ɷɮɢɪɟ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɬɪɟɬɢɱɧɨɝɨ ɛɭɬɢɥɚ ɩɨɥɭɱɟɧɵ ɞɢɤɚɪɛɨɤɫɢɥɚɬɵ ɬɪɢɫ(3-
ɮɬɨɪɮɟɧɢɥ)ɫɭɪɶɦɵ (3-FC6H4)3Sb[OC(O)R]2, R = CH2Cl (I), Ph (II), CH2C6H4NO2-4 (III), C10H15 (IV) 
ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɞɨ 95%.  

 

 
ɉɨ ɞɚɧɧɵɦ ɊɋȺ, ɜ ɦɨɥɟɤɭɥɚɯ IIV ɚɬɨɦɵ ɫɭɪɶɦɵ ɢɦɟɸɬ ɢɫɤɚɠɟɧɧɭɸ ɬɪɢɝɨɧɚɥɶɧɨ-

ɛɢɩɢɪɚɦɢɞɚɥɶɧɭɸ ɤɨɨɪɞɢɧɚɰɢɸ ɫ ɤɚɪɛɨɤɫɢɥɚɬɧɵɦɢ ɥɢɝɚɧɞɚɦɢ ɜ ɚɤɫɢɚɥɶɧɵɯ ɩɨɥɨɠɟɧɢɹɯ. ȼ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɹɱɟɣɤɟ ɫɨɟɞɢɧɟɧɢɹ II ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɚ ɬɢɩɚ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ 
ɦɨɥɟɤɭɥ (ɚ, ɛ). 

 
 

Ɋɢɫ. 1. ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ I.  

 

Ɋɢɫ. 2. ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ IIɚ. 
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ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɥɟɤɭɥ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɞɢɤɚɪɛɨɤɫɢɥɚɬɨɜ ɬɪɢɮɟɧɢɥ- ɢ ɬɪɢɫ(3-ɮɬɨɪɮɟɧɢɥ)ɫɭɪɶɦɵ ɩɨɡɜɨɥɹɟɬ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ ɨɬɫɭɬɫɬɜɢɟ 
ɤɚɤɢɯ-ɥɢɛɨ ɭɫɬɨɣɱɢɜɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜ ɢɯ ɢɡɦɟɧɟɧɢɢ ɩɪɢ ɜɜɟɞɟɧɢɢ ɚɬɨɦɨɜ ɮɬɨɪɚ ɜ ɚɪɢɥɶɧɵɟ 
ɤɨɥɶɰɚ ɩɪɢ ɚɬɨɦɟ ɫɭɪɶɦɵ.  

ɋɬɪɭɤɬɭɪɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɜ ɤɪɢɫɬɚɥɥɚɯ IIV ɨɛɭɫɥɨɜɥɟɧɚ ɫɥɚɛɵɦɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦɢ 
ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ H∙∙∙F ɢ H∙∙∙O=C. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɩɨ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɧɨ 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɱɟɬɵɪɟ ɞɢɤɚɪɛɨɤɫɢɥɚɬɚ ɬɪɢɫ(3-ɮɬɨɪɮɟɧɢɥ)ɫɭɪɶɦɵ. ɂɫɤɚɠɟɧɢɟ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɩɨɥɢɷɞɪɚ ɚɬɨɦɚ ɫɭɪɶɦɵ ɜ ɦɨɥɟɤɭɥɚɯ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫɜɹɡɚɧɨ, ɝɥɚɜɧɵɦ 
ɨɛɪɚɡɨɦ, ɫ ɢɡɦɟɧɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɷɤɜɚɬɨɪɢɚɥɶɧɵɯ ɭɝɥɨɜ ɋSbC, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦ, 
ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɧɬɚɤɬɨɜ ɫ 
ɤɚɪɛɨɤɫɢɥɚɬɧɵɦɢ ɥɢɝɚɧɞɚɦɢ. ɑɟɦ ɦɟɧɶɲɟ ɚɫɢɦɦɟɬɪɢɹ ɤɨɨɪɞɢɧɚɰɢɢ ɥɢɝɚɧɞɨɜ, ɬɟɦ ɛɨɥɶɲɟ 
ɢɫɤɚɠɟɧɢɟ ɬɪɢɝɨɧɚɥɶɧɨ-ɛɢɩɢɪɚɦɢɞɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɰɢɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ.  

 
Ʌɢɬɟɪɚɬɭɪɚ  

1. Tiekink E.R.T. // Crit. Rev. Oncol. /Hematol. 2002. V. 42. P. 217. 
2. Ozturk I.I., Banti C.N., Manos M.J. et al. // J. Inorg. Biochem. 2012. V. 109. P. 57. 
3. Ali M.I., Rauf M.K., Badshah A. et al. // Dalton Trans. 2013. V. 42. P. 16733. 
4. Cambridge Crystallographic Data Center. 2015. 

 

Ɋɢɫ. 3. ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ III. Ɋɢɫ. 4. ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ IV. 
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ɍȾɄ 547-32 

ɋɌɊɈȿɇɂȿ ɇɂɄȿɅȿȼɕɏ ɄɈɆɉɅȿɄɋɈȼ S-2-(2-ɉɂɊɂȾɂɅ)ɗɌɂɅ-3-

ɆȿɊɄȺɉɌɈɉɊɈɉɂɈɇɈȼɈɃ ɂ S-2-(2-ɉɂɊɂȾɂɅ)ɗɌɂɅɌɂɈȽɅɂɄɈɅȿȼɈɃ ɄɂɋɅɈɌɕ 

Ⱥ.ɉ. Ɋɨɞɢɨɧɨɜɚ, Ⱥ.ȼ. ɉɟɫɬɨɜ  
ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. ɂ. ə. ɉɨɫɬɨɜɫɤɨɝɨ ɍɪɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 620137, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. ɋɨɮɶɢ Ʉɨɜɚɥɟɜɫɤɨɣ, 22. 

e-mail: alyonarod@mail.ru  

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɤɰɢɢ ɬɢɨ-Ɇɢɯɚɷɥɹ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɯɟɥɚɬɢɪɭɸɳɢɟ ɥɢɝɚɧɞɵ S-2-(2-ɩɢɪɢɞɢɥ)ɷɬɢɥ-3-

ɦɟɪɤɚɩɬɨɩɪɨɩɢɨɧɨɜɚɹ ɢ S-2-(2-ɩɢɪɢɞɢɥ)ɷɬɢɥɬɢɨɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ. ɇɚ ɢɯ ɨɫɧɨɜɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɤɨɦɩɥɟɤɫɵ 
ɧɢɤɟɥɹ(II), ɫɬɪɨɟɧɢɟ ɤɨɬɨɪɵɯ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɨ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ.  

New chelating ligands S-2-(2-pyridyl)ethyl-3-mercaptopropionic and S-2-(2-pyridyl)ethylthioglycolic acid were 

prepared using the thio-Michael reaction. Complexes of nickel (II) were synthesized on their basis, the structure of the 

complexes was characterized by X-ray diffraction analysis. 

ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɜɟɳɟɫɬɜɟ ɬɪɟɛɭɸɬ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɧɹɬɢɹ ɨ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɧɟ ɬɨɥɶɤɨ ɩɨ ɩɪɢɱɢɧɟ ɢɯ ɲɢɪɨɤɨɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 
(ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɧɵɣ ɤɚɬɚɥɢɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, 
ɷɥɟɦɟɧɬɨɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ ɢ ɧɟɥɢɧɟɣɧɨɣ ɨɩɬɢɤɢ, ɜɵɞɟɥɟɧɢɟ ɢ ɨɱɢɫɬɤɚ ɩɥɚɬɢɧɨɜɵɯ 
ɦɟɬɚɥɥɨɜ, ɡɨɥɨɬɚ, ɧɢɤɟɥɹ ɢ ɞɪ., ɜ ɩɪɨɰɟɫɫɚɯ ɪɚɡɞɟɥɟɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɳɟɥɨɱɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɜ ɪɹɞɟ ɞɪɭɝɢɯ ɨɛɥɚɫɬɟɣ), ɧɨ ɢ ɜɜɢɞɭ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɞɚɱ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɜ ɨɝɪɨɦɧɨɦ ɪɚɡɧɨɨɛɪɚɡɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɬɢɩɨɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. ɂɡɭɱɟɧɢɟ ɫɬɪɨɟɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɤɨɧɨɦɟɪɧɨ 
ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɫɬɪɨɟɧɢɹ ɥɢɝɚɧɞɨɜ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜɵɜɨɞɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɤɚɤ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɢ ɩɪɢɤɥɚɞɧɨɟ 
ɡɧɚɱɟɧɢɟ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɚɧɚɥɨɝɨɜ 3-ɚɦɢɧɨɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɩɪɨɢɡɜɨɞɧɵɟ 
ɤɨɬɨɪɨɣ ɪɚɧɟɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɫɩɨɫɨɛɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɬɶ ɞɢ-, ɬɪɢ- ɢ ɬɟɬɪɚɹɞɟɪɧɵɟ 
ɤɨɦɩɥɟɤɫɵ ɦɟɞɢ(II) ɢ ɧɢɤɟɥɹ(II) [1], ɢ ɜɵɹɜɥɟɧɢɹ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɢ ɫɬɪɨɟɧɢɹ ɯɟɥɚɬɢɪɭɸɳɢɯ 
ɥɢɝɚɧɞɨɜ ɧɚ ɫɬɪɭɤɬɭɪɭ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɹɦɭɸ 
ɪɟɚɤɰɢɸ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɬɢɨɝɥɢɤɨɥɟɜɨɣ ɢ 3-ɦɟɪɤɚɩɬɨɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬ ɤ 2-ɜɢɧɢɥɩɢɪɢɞɢɧɭ 
(ɋɯɟɦɚ 1).  

 
ɋɯɟɦɚ 1. 

 

Ɏɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɢ 70ɋ. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɛɟɡ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɚɯ [2-5], ɩɨɫɤɨɥɶɤɭ ɤɢɫɥɨɬɵ ɹɜɥɹɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ 
ɧɭɤɥɟɨɮɢɥɚɦɢ, ɢ ɤɢɫɥɨɬɧɵɦɢ Ȼɪɟɧɫɬɟɞɨɜɫɤɢɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ. ȼɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ ɞɨɫɬɢɝɚɸɬ 
90-95%. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɧɢɤɟɥɹ(II) ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɚɤɰɢɸ ɨɛɦɟɧɚ ɤɚɪɛɨɤɫɢɥɚɬɨɜ 
ɧɚɬɪɢɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɫɨɥɶɸ. ȼ ɫɥɭɱɚɟ ɤɨɦɩɥɟɤɫɚ ɧɢɤɟɥɹ(II) c S-2-(2-
ɩɢɪɢɞɢɥ)ɷɬɢɥ-3-ɦɟɤɚɩɬɨɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɨɣ ɫɨɫɬɚɜɚ M:L=1:2 ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ 
ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɢ ɩɪɨɜɟɫɬɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ (ɪɢɫ. 1).  

ȼ ɞɚɧɧɨɦ ɤɨɦɩɥɟɤɫɟ ɦɟɬɚɥɥɨɰɟɧɬɪ ɢɦɟɟɬ ɨɤɬɚɷɞɪɢɱɟɫɤɨɟ ɨɤɪɭɠɟɧɢɟ. ɗɤɜɚɬɨɪɢɚɥɶɧɚɹ 
ɩɥɨɫɤɨɫɬɶ ɮɨɪɦɢɪɭɟɬɫɹ ɞɜɭɦɹ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɢ ɞɜɭɦɹ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɤɫɢɥɶɧɵɯ 
ɝɪɭɩɩ ɥɢɝɚɧɞɨɜ. ɇɚ ɚɤɫɢɚɥɶɧɨɣ ɨɫɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɫɦɨɬɪɹ 
ɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨ ɯɟɥɚɬɢɪɭɸɳɭɸ ɩɪɢɪɨɞɭ, ɥɢɝɚɧɞ ɜɵɩɨɥɧɹɟɬ ɦɨɧɨɞɟɧɬɚɬɧɭɸ ɮɭɧɤɰɢɸ. 
ɍɫɬɚɧɨɜɥɟɧɧɨɟ ɫɬɪɨɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɢɜɟɥɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɩɨ Ʌɶɸɢɫɭ 
ɫɭɥɶɮɢɞɧɨɣ ɮɭɧɤɰɢɢ.  

ɍɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ N,S-ɯɟɥɚɬɧɨɝɨ ɰɢɤɥɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ S-2-(2-
ɩɢɪɢɞɢɥ)ɷɬɢɥɦɟɪɤɚɩɬɨɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɚ ɧɢɤɟɥɹ(II) 
ɫɨɫɬɚɜɚ M:L=1:2 (ɪɢɫ. 2). 
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Ɋɢɫ. 1 – Ɇɨɥɟɤɭɥɹɪɧɨɟ ɫɬɪɨɟɧɢɟ ɞɢ(S-2-(2-ɩɢɪɢɞɢɥ)ɷɬɢɥ-3-ɦɟɤɚɩɬɨɩɪɨɩɢɨɧɚɬɨ)ɬɟɬɪɚɚɤɜɚɧɢɤɟɥɶ(II) 

ɩɨ ɞɚɧɧɵɦ ɊɋȺ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɧɚ ɪɢɫɭɧɤɟ ɧɟ ɢɡɨɛɪɚɠɟɧɵ. Ɉɫɧɨɜɧɵɟ ɞɥɢɧɵ ɫɜɹɡɟɣ, Å: 2.097 (Ni1-O1), 
2.052 (Ni1-O2), 2.044 (Ni1-O3)  

 

 
Ɋɢɫ. 2 – Ɇɨɥɟɤɭɥɹɪɧɨɟ ɫɬɪɨɟɧɢɟ ɞɢ(S-2-(2-ɩɢɪɢɞɢɥ)ɷɬɢɥɬɢɨɚɰɟɬɚɬɨ)ɧɢɤɟɥɶ(II) ɦɨɧɨɫɨɥɶɜɚɬ ȾɆɎȺ 

ɩɨ ɞɚɧɧɵɦ ɊɋȺ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɧɟ ɢɡɨɛɪɚɠɟɧɵ. Ɉɫɧɨɜɧɵɟ ɞɥɢɧɵ ɫɜɹɡɟɣ, Å: 2.045 (Ni1-O1), 2.018 (Ni1-
O3), 2.118 (Ni1-N1), 2.125 (Ni1-N2), 2.402 (Ni1-S1), 2.421 (Ni1-S2) 

 
ȼ ɤɨɦɩɥɟɤɫɟ ɦɟɬɚɥɥɨɰɟɧɬɪ ɢɦɟɟɬ ɨɤɬɚɷɞɪɢɱɟɫɤɨɟ ɨɤɪɭɠɟɧɢɟ. ɗɤɜɚɬɨɪɢɚɥɶɧɚɹ ɩɥɨɫɤɨɫɬɶ 

ɮɨɪɦɢɪɭɟɬɫɹ ɞɜɭɦɹ ɚɬɨɦɚɦɢ ɫɟɪɵ, ɚɬɨɦɨɦ ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɞɧɨɝɨ ɥɢɝɚɧɞɚ ɢ 
ɚɬɨɦɨɦ ɚɡɨɬɚ ɩɢɪɢɞɢɧɚ ɞɪɭɝɨɝɨ ɥɢɝɚɧɞɚ. ɇɚ ɚɤɫɢɚɥɶɧɨɣ ɨɫɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɪɭɝɢɟ ɚɬɨɦ 
ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɞɧɨɝɨ ɥɢɝɚɧɞɚ ɢ ɚɬɨɦ ɚɡɨɬɚ ɩɢɪɢɞɢɧɚ ɞɪɭɝɨɝɨ ɥɢɝɚɧɞɚ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɥɢɝɚɧɞ ɜɵɩɨɥɧɹɟɬ ɬɪɢɞɟɧɬɚɬɧɭɸ ɯɟɥɚɬɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ, ɧɚɯɨɞɹɫɶ ɜ ɮɚɰɢɚɥɶɧɨɣ 
ɤɨɧɮɨɪɦɚɰɢɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɫɬɪɨɟɧɢɹ ɫɭɥɶɮɢɞ-
ɫɨɞɟɪɠɚɳɢɯ ɥɢɝɚɧɞɨɜ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɢɯ ɞɨɧɨɪɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ 
ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɦɩɥɟɤɫɨɜ ɜ 
ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɟɜɪɚɳɟɧɢɣ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ.  
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Ⱥɥɤɢɥɢɪɨɜɚɧɢɟɦ 5,6-ɞɢɮɟɧɢɥ-2,3-ɞɢɝɢɞɪɨ-1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɚ 3-ɛɪɨɦɩɪɨɩɟɧɨɦ ɢ 2-ɦɟɬɢɥ-3-ɯɥɨɪɩɪɨɩɟɧɨɦ 

ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ 5,6-ɞɢɮɟɧɢɥ-3-ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ-, 5,6-ɞɢɮɟɧɢɥ-3-(2-ɦɟɬɢɥɩɪɨɩɟɧ-2-ɢɥ)ɫɭɥɶɮɚɧɢɥ-1,2,4-ɬɪɢɚɡɢɧɵ, 
ɫɬɪɨɟɧɢɟ ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɚɧɧɵɦɢ əɆɊ 1ɇ. 

The alkylation of 5,6-diphenyl-2,3-dihydro-1,2,4-triazine-3-thione by 3-bromopropene and 2-methyl-3-chloropropene 

leads to the formation of 5,6-diphenyl-3-allylsulfanyl-, 5,6-diphenyl-3-(2-methylpropen-2-yl)sulfanyl-1,2,4-triazines. 

Structures of the synthesized compounds are established by 1ɇ NMR spectral data. 

 

Ɋɚɡɥɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ 1,2,4-ɬɪɢɚɡɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɂɦɟɸɬɫɹ ɞɚɧɧɵɟ ɨ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɫɜɨɣɫɬɜɚɯ ɧɟɤɨɬɨɪɵɯ 
S-ɩɪɨɢɡɜɨɞɧɵɯ 5,6-ɡɚɦɟɳɟɧɧɵɯ 1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɨɜ [1]. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɤɨɬɨɪɵɟ 1,2,4-
ɬɪɢɚɡɢɧɵ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɝɟɪɛɢɰɢɞɨɜ, ɩɟɫɬɢɰɢɞɨɜ ɢ ɤɪɚɫɢɬɟɥɟɣ [1]. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɨ ɫɢɧɬɟɡɟ 5,6-ɞɢɮɟɧɢɥ-2,3-ɞɢɝɢɞɪɨ-1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɚ (1) 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɛɟɧɡɢɥɚ ɫ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ ɜ ɷɬɚɧɨɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ [2]. 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɧɡɢɥɚ ɫ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ HCl ɜ ɦɟɬɚɧɨɥɟ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 5-ɦɟɬɨɤɫɢ-5,6-ɞɢɮɟɧɢɥ-4,5-ɞɢɝɢɞɪɨ-2H-
1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɚ [3].  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɫɨɟɞɢɧɟɧɢɟ 1 ɩɨɥɭɱɟɧɨ ɤɨɧɞɟɧɫɚɰɢɟɣ ɛɟɧɡɢɥɚ ɫ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ (ɢɥɢ 
ɟɝɨ ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɨɥɶɸ) ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ 1ɧ ɪɚɫɬɜɨɪɟ NaOH. Ⱦɥɹ ɬɪɢɚɡɢɧɬɢɨɧɚ 1 ɧɚɦɢ ɛɵɥɢ 
ɢɫɫɥɟɞɨɜɚɧɵ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 3-ɛɪɨɦɩɪɨɩɟɧɨɦ ɢ 2-ɦɟɬɢɥ-3-ɯɥɨɪɩɪɨɩɟɧɨɦ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ 
ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɢ ɷɬɨɦ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɟɢɡɜɟɫɬɧɵɟ 
ɪɚɧɟɟ 5,6-ɞɢɮɟɧɢɥ-3-ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ, 5,6-ɞɢɮɟɧɢɥ-3-(2-ɦɟɬɢɥɩɪɨɩɟɧ-2-ɢɥ)ɫɭɥɶɮɚɧɢɥ-1,2,4-
ɬɪɢɚɡɢɧɵ (2ɚ,b), ɫɬɪɭɤɬɭɪɵ ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ ɞɚɧɧɵɦɢ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɥɹ ɪɟɚɤɰɢɣ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɹ 1 ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ 
ɄɈɇ-ɷɬɚɧɨɥ [4] ɢ K2CO3-ȾɆɎȺ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ [1]. 

Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ 2ɚ ɧɚɦɢ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɨɞɧɨɪɟɚɤɬɨɪɧɨɝɨ ɫɢɧɬɟɡɚ. ɋɭɬɶ ɞɚɧɧɨɝɨ 
ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɦɟɫɶ ɛɟɧɡɢɥɚ ɫ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ ɤɢɩɹɬɹɬ ɜ 1ɧ ɪɚɫɬɜɨɪɟ NaOH ɜ 
ɬɟɱɟɧɢɟ 5 ɱ., ɢ ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɷɬɨɦ S-ɧɚɬɪɢɟɜɚɹ ɫɨɥɶ 3 ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɩɨɞɜɟɪɝɚɟɬɫɹ 
ɚɥɤɢɥɢɪɨɜɚɧɢɸ 3-ɛɪɨɦ-1-ɩɪɨɩɟɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ хɥɨрɢɞɚ трɢэтɢɥɛɟɧɡɢɥɚɦɦɨɧɢя (ТЭȻȺХ). 
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ȼ ɫɩɟɤɬɪɚɯ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɣ 2a,b ɢɦɟɟɬɫɹ ɫɢɝɧɚɥ ɩɪɨɬɨɧɨɜ SCH2 ɝɪɭɩɩɵ ɜ ɨɛɥɚɫɬɢ 4.00-
4.03 ɦ.ɞ. ɋɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ =ɋɇ2 ɝɪɭɩɩɵ ɜ ɫɥɭɱɚɟ ɫɨɟɞɢɧɟɧɢɹ 2b ɫɦɟɳɚɸɬɫɹ ɜ ɫɬɨɪɨɧɭ ɫɢɥɶɧɨɝɨ 
ɩɨɥɹ ɧɚ 0.3 ɦ.ɞ. ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦɢ ɠɟ ɫɢɝɧɚɥɚɦɢ ɜ ɫɨɟɞɢɧɟɧɢɢ 2a, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɜɥɢɹɧɢɟɦ 
ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɨɣ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɪɚɡɭɟɬ ɫɢɧɝɥɟɬ ɩɪɢ 1.86 ɦ.ɞ. ȼ 
ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ 2a ɢɦɟɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɣ ɦɭɥɶɬɢɩɥɟɬ ɩɪɨɬɨɧɚ –ɋɇ= ɩɪɢ 6.02-6.08 ɦ.ɞ. 
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Ʉɨɧɞɟɧɫɚɰɢɟɣ ɛɟɧɡɨɢɧɚ ɫ ɬɢɨɤɚɪɛɨɝɢɞɪɚɡɢɞɨɦ ɢɥɢ ɫ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ ɜ 0.1 ɧ ɄɈɇ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ 

ɩɪɨɢɡɜɨɞɧɵɟ 5,6-ɞɢɮɟɧɢɥ-1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɚ ɢ ɨɫɭɳɟɫɬɜɥɟɧɨ ɢɯ ɚɥɥɢɥɢɪɨɜɚɧɢɟ. ɋɬɪɨɟɧɢɟ S-ɚɥɥɢɥɶɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɚɧɧɵɦɢ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ. 

New derivatives of 5,6-diphenyl-1,2,4-triazine-3-thione have been obtained by condensation of benzoin with 

thiocarbohydrazide or thiosemicarbazide in the medium of 0.1 N KOH as well as reaction of their allylation has been studied. 

Structures of synthesized S-allyl derivatives have been established by 1ɇ NMR spectral data. 

 
ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɫɢɧɬɟɡɚ 1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɨɜ ɹɜɥɹɟɬɫɹ ɪɟɚɤɰɢɹ 

ɤɨɧɞɟɧɫɚɰɢɢ 1,2-ɞɢɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɦɢ. Ɇɧɨɝɢɟ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɪɢ ɷɬɨɦ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ 
ɮɪɚɝɦɟɧɬ ɬɢɨɦɨɱɟɜɢɧɵ, ɨɛɥɚɞɚɸɬ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɫɪɟɞɢ ɤɨɬɨɪɨɣ 
ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ, ɩɪɨɬɢɜɨɜɢɪɭɫɧɚɹ, ɚɧɬɢɦɢɤɪɨɛɧɚɹ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɚɹ ɢ 
ɩɪɨɬɢɜɨɝɪɢɛɤɨɜɚɹ ɚɤɬɢɜɧɨɫɬɶ [1]. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɨ ɤɨɧɞɟɧɫɚɰɢɢ 2-ɨɤɫɨ-4-(2-ɬɢɟɧɢɥ)ɛɭɬ-3-ɟɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 
ɬɢɨɤɚɪɛɨɝɢɞɪɚɡɢɞɨɦ ɜ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 4-(N-ɚɰɟɬɢɥ)-
5-ɨɤɫɨ-6-[2-(2-ɬɢɟɧɢɥ)ɜɢɧɢɥ]-1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɚ. ɇɟɚɰɢɥɢɪɨɜɚɧɧɵɣ 5-ɨɤɫɨ-1,2,4-ɬɪɢɚɡɢɧ-3-
ɬɢɨɧ ɛɵɥ ɩɨɥɭɱɟɧ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɭɫɥɨɜɢɹɯ 
ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɨɛɥɭɱɟɧɢɹ [2].  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚɦɢ ɜɩɟɪɜɵɟ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɢɨɤɚɪɛɨɝɢɞɪɚɡɢɞɚ ɫ ɛɟɧɡɨɢɧɨɦ ɜ 
0.1ɧ ɪɚɫɬɜɨɪɟ ɄɈɇ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɉɨ ɞɚɧɧɵɦ ɯɪɨɦɚɬɨɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ 
ɞɜɭɯ ɢɡɨɦɟɪɨɜ: 4-ɚɦɢɧɨ-5,6-ɞɢɮɟɧɢɥ-4,5-ɞɢɝɢɞɪɨ-1,2,4-ɬɪɢɚɡɢɧ-3(2ɇ)-ɬɢɨɧ (1ɚ) ɢ 1-ɚɦɢɧɨ-5,6-
ɞɢɮɟɧɢɥ-1,6-ɞɢɝɢɞɪɨ-1,2,4-ɬɪɢɚɡɢɧ-3(2ɇ)-ɬɢɨɧ (1b) ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 80 % (ɫɯɟɦɚ 1). ȼ ɦɚɫɫ-
ɫɩɟɤɬɪɚɯ ɫɨɟɞɢɧɟɧɢɣ 1a,b ɢɦɟɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɢɤ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɢɨɧɚ. 

 

 
ɋɯɟɦɚ 1. ɋɢɧɬɟɡ ɢ ɚɥɥɢɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ 5,6-ɞɢɮɟɧɢɥ-1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧɚ 

 
Ʉɨɧɞɟɧɫɚɰɢɹ ɛɟɧɡɨɢɧɚ ɫ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ (ɢɥɢ ɟɝɨ ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɨɥɶɸ) ɜ ɚɧɚɥɨɝɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ ɩɪɢɜɨɞɢɬ ɤ ɫɢɧɬɟɡɭ ɫɦɟɫɢ 5,6-ɞɢɮɟɧɢɥ-4,5-ɞɢɝɢɞɪɨ-1,2,4-ɬɪɢɚɡɢɧ-3(2ɇ)-ɬɢɨɧɚ (2ɚ) ɢ 
5,6-ɞɢɮɟɧɢɥ-1,6-ɞɢɝɢɞɪɨ-1,2,4-ɬɪɢɚɡɢɧ-3(2ɇ)-ɬɢɨɧɚ (2b) ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 85 %. ɋɦɟɫɶ ɬɪɢɚɡɢɧ-
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3-ɬɢɨɧɨɜ 2a,b ɬɚɤɠɟ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɤɨɧɞɟɧɫɚɰɢɟɣ ɛɟɧɡɨɢɧɚ ɫ ɫɨɥɹɧɨɤɢɫɥɵɦ 
ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɨɦ ɜ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ (ɜɵɯɨɞ ɢɡɨɦɟɪɨɜ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɥ 77 %).  

ɉɪɢ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɫɦɟɫɟɣ ɫɨɟɞɢɧɟɧɢɣ 1a,b ɢ 2a,b ɚɥɥɢɥɛɪɨɦɢɞɨɦ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 5,6-ɞɢɮɟɧɢɥ-3-ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ-1,2,4-ɬɪɢɚɡɢɧɵ (3a,b ɫ 
ɨɛɳɢɦ ɜɵɯɨɞɨɦ 76 % ɢ 4a,b ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 82 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɦɟɫɢ 
ɫɨɟɞɢɧɟɧɢɣ 3ɚ,b ɢ ɜ ɫɩɟɤɬɪɟ ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ 4ɚ,b ɩɨɦɢɦɨ ɫɢɝɧɚɥɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ 
ɢɦɟɸɬɫɹ ɭɞɜɨɟɧɧɵɟ ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ S-ɚɥɥɢɥɶɧɨɣ ɝɪɭɩɩɵ: ɩɪɢ 3.90 ɢ 4.02 ɦ.ɞ. (ɩɪɨɬɨɧɵ SCH2- 
ɝɪɭɩɩɵ), ɩɪɢ 5.17-5.43 ɢ 5.63-5.70 ɦ.ɞ. (ɩɪɨɬɨɧɵ ɝɪɭɩɩɵ =ɋɇ2), ɩɪɢ 5.95-6.10 ɦ.ɞ. (ɩɪɨɬɨɧɵ –ɋɇ= 
ɝɪɭɩɩɵ).  
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ (ɉɨɫɬɚɧɨɜɥɟɧɢɟ №211 ɨɬ 16.03.2013 
ɝ.), ɫɨɝɥɚɲɟɧɢɟ № 02.A03.21.0011″. 
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3-(2-ɆȿɌɂɅɉɊɈɉȿɇ-2-ɂɅ)ɋɍɅɖɎȺɇɂɅ-5-ɎȿɇɂɅ-1,2,4-ɌɊɂȺɁɂɇȺ 

 
Ɉ.ȼ. ɋɚɠɚɟɜɚ, Ⱥ.ȼ. Ɋɵɛɚɤɨɜɚ, Ⱦ.Ƚ. Ʉɢɦ 

ɘɠɧɨ-ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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Ƚɟɬɟɪɨɰɢɤɥɢɡɚɰɢɟɣ 3-(2-ɦɟɬɢɥɩɪɨɩɟɧ-2-ɢɥ)ɫɭɥɶɮɚɧɢɥ-5-ɮɟɧɢɥ-1,2,4-ɬɪɢɚɡɢɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɚɥɨɝɟɧɨɜ 

ɩɨɥɭɱɟɧɵ ɧɟɢɡɜɟɫɬɧɵɟ ɪɚɧɟɟ ɝɚɥɨɝɟɧɢɞɵ 3-ɝɚɥɨɝɟɧɦɟɬɢɥ-3-ɦɟɬɢɥ-7-ɮɟɧɢɥ-2,3-

ɞɢɝɢɞɪɨ[1,3]ɬɢɚɡɨɥɨ[3,2-b][1,2,4]ɬɪɢɚɡɢɧɢɹ.  
The heterocyclization of 3-(2-methylpropen-2-yl)sulfanyl-5-phenyl-1,2,4-triazine under the action of halogens proceeds 

to give previously unknown 3-halomethyl-3-methyl-7-phenyl-2,3-dihydro[1,3]thiazolo[3,2-b][1,2,4]triazinium halides. 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ 1,2,4-ɬɪɢɚɡɢɧɵ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɞɥɹ 
ɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ, ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɞɚɸɬ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ [1]. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɢɡɜɟɫɬɟɧ ɩɪɨɬɢɜɨɫɭɞɨɪɨɠɧɵɣ (ɩɪɨɬɢɜɨɷɩɢɥɟɩɬɢɱɟɫɤɢɣ) ɩɪɟɩɚɪɚɬ - 3,5-ɞɢɚɦɢɧɨ-6-
(2,3-ɞɢɯɥɨɪɮɟɧɢɥ)-1,2,4-ɬɪɢɚɡɢɧ (ɥɚɦɨɬɪɢɞɠɢɧ). ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɬɪɢɚɡɢɧɨɜɵɣ ɰɢɤɥ ɹɜɥɹɟɬɫɹ 
ɫɬɪɭɤɬɭɪɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɦɧɨɝɢɯ ɩɪɢɪɨɞɧɵɯ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ, 5-ɮɟɧɢɥ-1,2,4-ɬɪɢɚɡɢɧ-3-ɬɢɨɧ (1) ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɩɢɫɚɧɵ ɜ 
ɥɢɬɟɪɚɬɭɪɟ. 

ȼ ɪɚɛɨɬɟ [2] ɩɪɟɞɥɨɠɟɧ ɫɢɧɬɟɡ [1,3]ɬɢɚɡɨɥɨ[3,2-b][1,2,4]ɬɪɢɚɡɢɧɢɜɵɯ ɫɢɫɬɟɦ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɢɨɞɚ ɢ ɛɪɨɦɚ ɧɚ 3-ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ-5-ɮɟɧɢɥ-1,2,4-ɬɪɢɚɡɢɧ (2ɚ). ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚɦɢ ɢɡɭɱɟɧɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-(2-ɦɟɬɢɥɩɪɨɩɟɧ-2-ɢɥ)ɫɭɥɶɮɚɧɢɥ-5-ɮɟɧɢɥ-1,2,4-ɬɪɢɚɡɢɧɚ (2b) ɫ ɝɚɥɨɝɟɧɚɦɢ ɢ 
ɝɚɥɨɝɟɧɜɨɞɨɪɨɞɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. ɋɨɟɞɢɧɟɧɢɟ 2b ɩɨɥɭɱɟɧɨ ɧɚɦɢ ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ ɬɪɢɚɡɢɧɬɢɨɧɚ 1 
2-ɦɟɬɢɥ-3-ɯɥɨɪ-1-ɩɪɨɩɟɧɨɦ ɜ ɚɰɟɬɨɧɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ (ɫɯɟɦɚ 1). ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ 
ɫɨɟɞɢɧɟɧɢɹ 2b ɩɨɦɢɦɨ ɫɢɝɧɚɥɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɝɧɚɥɵ ɦɟɬɚɥɥɢɥɶɧɨɣ 
ɝɪɭɩɩɵ: ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɨɜ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɩɪɢ 1.85 ɦ.ɞ. ɢ ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɨɜ SCH2 ɝɪɭɩɩɵ ɩɪɢ 
4.02 ɦ.ɞ., ɦɭɥɶɬɢɩɥɟɬɵ ɩɪɨɬɨɧɨɜ ɝɪɭɩɩɵ =ɋɇ2 ɩɪɢ 4.91 ɢ 5.12 ɦ.ɞ. 

 

 
 

ɋɯɟɦɚ 1. ɋɢɧɬɟɡ ɢ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɹ  
3-ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ-(3-(2-ɦɟɬɢɥɩɪɨɩɟɧ-2-ɢɥ)ɫɭɥɶɮɚɧɢɥ-)-5-ɮɟɧɢɥ-1,2,4-ɬɪɢɚɡɢɧɨɜ 

 
ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɨɟɞɢɧɟɧɢɹ 2b ɫ ɞɜɭɤɪɚɬɧɵɦ ɢɡɛɵɬɤɨɦ ɢɨɞɚ ɜ ɯɥɨɪɨɮɨɪɦɟ ɨɛɪɚɡɭɟɬɫɹ 

ɬɪɢɢɨɞɢɞ 3-ɢɨɞɦɟɬɢɥ-3-ɦɟɬɢɥ-7-ɮɟɧɢɥ-2,3-ɞɢɝɢɞɪɨ[1,3]ɬɢɚɡɨɥɨ[3,2-b][1,2,4]ɬɪɢɚɡɢɧɢɹ (3ɚ). 
Ɍɪɢɢɨɞɢɞ 3ɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢɨɞɢɞɨɦ ɧɚɬɪɢɹ ɜ ɚɰɟɬɨɧɟ ɩɟɪɟɯɨɞɢɬ ɜ ɦɨɧɨɢɨɞɢɞ (3b). ȼ ɫɩɟɤɬɪɟ 
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əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ 3b ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɟɤɬɪɨɦ ɢɫɯɨɞɧɨɝɨ ɦɟɬɚɥɥɢɥɫɭɥɶɮɢɞɚ 2b ɧɚɛɥɸɞɚɟɬɫɹ 
ɫɦɟɳɟɧɢɟ ɫɢɝɧɚɥɚ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɬɨɧɚ ɇ-6 ɧɚ 0.27 ɦ.ɞ. ɜ ɫɬɨɪɨɧɭ ɫɥɚɛɨɝɨ ɩɨɥɹ, ɚ ɩɪɨɬɨɧɵ 
ɝɪɭɩɩɵ SCH2 ɫɬɚɧɨɜɹɬɫɹ ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɢ ɨɛɪɚɡɭɸɬ ɫɢɝɧɚɥɵ ɩɪɢ 3.90 ɦ.ɞ. ɢ 3.95 ɦ.ɞ. 
ɉɪɨɬɨɧɵ ɝɪɭɩɩɵ ɋɇ2I ɜ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ 3b ɨɛɪɚɡɭɸɬ ɫɢɝɧɚɥ ɜ ɨɛɥɚɫɬɢ 4.00 ɦ.ɞ.  

Ɇɟɬɚɥɥɢɥɫɭɥɶɮɢɞ 2b ɩɨɞɜɟɪɝɚɟɬɫɹ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɧɟɝɨ ɞɜɭɤɪɚɬɧɨɝɨ 
ɢɡɛɵɬɤɚ ɛɪɨɦɚ ɜ ɯɥɨɪɨɮɨɪɦɟ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɬɪɢɛɪɨɦɢɞ 3-ɛɪɨɦɦɟɬɢɥ-3-ɦɟɬɢɥ-7-ɮɟɧɢɥ-2,3-
ɞɢɝɢɞɪɨ[1,3]ɬɢɚɡɨɥɨ[3,2-b][1,2,4]ɬɪɢɚɡɢɧɢɹ (4ɚ). Ɉɛɪɚɛɨɬɤɚ ɬɪɢɛɪɨɦɢɞɚ 4ɚ ɚɰɟɬɨɧɨɦ ɩɪɢɜɨɞɢɬ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɦɨɧɨɛɪɨɦɢɞɚ (4b), ɜ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɤɨɬɨɪɨɝɨ ɩɪɨɬɨɧɵ SCH2 ɝɪɭɩɩɵ ɞɚɸɬ ɞɭɛɥɟɬɵ 
ɜ ɨɛɥɚɫɬɢ 4.00 ɢ 4.09 ɦ.ɞ. ɉɪɢ 4.18 ɢ 4.20 ɦ.ɞ. ɩɪɨɹɜɥɹɸɬɫɹ ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɝɪɭɩɩɵ ɋɇ2Br, 
ɪɚɫɳɟɩɥɟɧɧɵɟ ɡɚ ɫɱɟɬ ɞɚɥɶɧɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɫ ɩɪɨɬɨɧɚɦɢ ɦɟɬɢɥɶɧɨɣ ɢ SCH2 ɝɪɭɩɩ. 

 

 
 

ɋɯɟɦɚ 2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-ɚɥɥɢɥɫɭɥɶɮɚɧɢɥ-(3-(2-ɦɟɬɢɥɩɪɨɩɟɧ-2-ɢɥ)ɫɭɥɶɮɚɧɢɥ-)-5-ɮɟɧɢɥ-1,2,4-
ɬɪɢɚɡɢɧɨɜ ɫ ɝɚɥɨɝɟɧɜɨɞɨɪɨɞɧɵɦɢ ɤɢɫɥɨɬɚɦɢ 

 
ɇɚɦɢ ɢɫɫɥɟɞɨɜɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɥɥɢɥɫɭɥɶɮɢɞɨɜ 2a,b ɫ ɝɚɥɨɝɟɧɜɨɞɨɪɨɞɧɵɦɢ ɤɢɫɥɨɬɚɦɢ 

(HCl, HBr) ɜ ɚɰɟɬɨɧɟ (ɫɯɟɦɚ 2). Ɍɟɨɪɟɬɢɱɟɫɤɢ ɩɪɢ ɷɬɨɦ ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɩɪɨɞɭɤɬɵ 
ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ (5), ɩɪɢɫɨɟɞɢɧɟɧɢɹ (6) ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɢɞɪɨɝɚɥɨɝɟɧɢɞɵ (7). ɇɚɣɞɟɧɨ, 
ɱɬɨ ɨɛɪɚɡɭɸɬɫɹ ɫɨɥɢ 7ɚ-d, ɤɨɬɨɪɵɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ ɞɚɸɬ 
ɢɫɯɨɞɧɵɟ ɚɥɥɢɥɫɭɥɶɮɢɞɵ 2a,b. ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɝɧɚɥɵ 
ɩɪɨɬɨɧɨɜ ɚɥɥɢɥɶɧɵɯ ɝɪɭɩɩ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ (ɉɨɫɬɚɧɨɜɥɟɧɢɟ №211 ɨɬ 

16.03.2013 ɝ.), ɫɨɝɥɚɲɟɧɢɟ № 02.A03.21.0011. 
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Nassar I.F. // J. Heterocyclic Chem. 2013, 50, 129. 
2. Ɋɭɞɚɤɨɜ Ȼ.ȼ., Ʉɢɦ Ⱦ.Ƚ., Ⱥɥɟɤɫɟɟɜ ɋ.Ƚ., ɑɚɪɭɲɢɧ ȼ.ɇ., ɒɨɪɲɧɟɜ ɋ.ȼ. // ɀɭɪɧ. ɨɪɝ. ɯɢɦɢɢ. 1997, 33, 1103-1106. 
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ɍȾɄ 547.856.7 

 
ɋɂɇɌȿɁ ɇɈȼɕɏ ɉɊȿȾɋɌȺȼɂɌȿɅȿɃ ɉɊɈɂɁȼɈȾɇɕɏ ȻȿɇɁɈ[gh]ɉȿɊɂɆɂȾɂɇȺ ɇȺ 

ɈɋɇɈȼȿ ɊȿȺɄɐɂɂ ɊȿɐɂɄɅɂɁȺɐɂɂ ɉɂɊɂɆɂȾɂɇɈȼ ȼ ɉɈɅɂɎɈɋɎɈɊɇɈɃ 
ɄɂɋɅɈɌȿ 

 
ɘ.Ⱥ. ɋɚɪɚɩɢɣ, ɂ.ȼ. Ʌɨɛɚɱ, ɋ.ȼ. ɓɟɪɛɚɤɨɜ, Ⱦ.Ⱥ. Ʌɨɛɚɱ, Ⱥ.ȼ. Ⱥɤɫɟɧɨɜ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɟɜɟɪɨ-Ʉɚɜɤɚɡɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 355009, ɝ. ɋɬɚɜɪɨɩɨɥɶ, ɭɥ. ɉɭɲɤɢɧɚ, 1. 

e-mail: denlobden@mail.ru 

 
Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɛɟɧɡɨ[gh]ɩɟɪɢɦɢɞɢɧɨɜ (1,3-ɞɢɚɡɚɩɢɪɟɧɨɜ), ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɟɚɤɰɢɢ 1H-ɩɟɪɢɦɢɞɢɧɨɜ 

c ɩɢɪɢɦɢɞɢɧɚɦɢ ɜ ɩɨɥɢɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɟ ɫ 86%-ɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɨɫɮɨɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ. 
A method for the synthesis of benzo[gh]perimidines (1,3-diazapyrenes) based on the reaction of 1H-perimidines with 

pyrimidines in polyphosphoric acid with 86% phosphoric anhydride was developed. 

 

ɉɨɥɢɚɡɚɩɢɪɟɧɵ ɫ ɪɚɡɥɢɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɚɬɨɦɨɜ ɚɡɨɬɚ ɩɨ ɩɟɪɢɮɟɪɢɢ ɩɢɪɟɧɨɜɨɝɨ ɰɢɤɥɚ 
ɩɪɨɹɜɥɹɸɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɨɥɟɡɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ ɫɜɨɣɫɬɜ (ɨɛɧɚɪɭɠɟɧɵ 
ɫɨɟɞɢɧɟɧɢɹ ɫ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ [1], ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ [2], ɚɧɬɢɪɚɤɨɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [3]). 
ɇɟɭɤɥɨɧɧɵɣ ɢɧɬɟɪɟɫ ɤ ɩɨɞɨɛɧɵɦ ɫɬɪɭɤɬɭɪɚɦ ɨɛɭɫɥɨɜɥɟɧ ɢɧɬɟɧɫɢɜɧɵɦ ɪɚɡɜɢɬɢɟɦ ɜ 2000-ɟ ɝɨɞɵ 
ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɨɣ ɢ ɤɥɚɫɬɟɪɧɨɣ ɯɢɦɢɢ [4].  

Ɋɚɧɟɟ [5] ɫɨɨɛɳɚɥɨɫɶ ɨ ɧɚɣɞɟɧɧɨɣ ɧɚɦɢ ɪɟɚɤɰɢɢ ɪɚɫɤɪɵɬɢɹ ɩɢɪɢɦɢɞɢɧɨɜɨɝɨ ɰɢɤɥɚ ɫ 
ɞɚɥɶɧɟɣɲɟɣ ɰɢɤɥɢɡɚɰɢɟɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɥɚ ɧɚɞɫɬɪɨɣɤɚ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɨɝɨ ɹɞɪɚ 
ɤ ɩɪɨɢɡɜɨɞɧɵɦ 1ɇ-ɩɟɪɢɦɢɞɢɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɟɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ 1,3-
ɞɢɚɡɚɩɢɪɟɧɨɜ (ɛɟɧɡɨ[gh]ɩɟɪɢɦɢɞɢɧɨɜ), ɜ ɱɚɫɬɧɨɫɬɢ 1,3-ɞɢɚɡɚɩɢɪɟɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɩɨɥɨɠɟɧɢɢ 6 
ɮɟɧɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ (ɫɯɟɦɚ 1). 

 

 
 

ɋɯɟɦɚ 1. ɋɢɧɬɟɡ 2-R-6-ɮɟɧɢɥɛɟɧɡɨ[gh]ɩɟɪɢɦɢɞɢɧɨɜ 
 

Ɋɟɚɤɰɢɹ ɝɥɚɞɤɨ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
140-150 oC ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ 1ɚ-ɫ ɫ 4-ɮɟɧɢɥɩɢɩɪɢɦɢɞɢɧɨɦ (2) ɜ 86%-ɧɨɣ ɩɨɥɢɮɨɫɮɨɪɧɨɣ 
ɤɢɫɥɨɬɟ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɦɵ ɩɪɟɞɩɪɢɧɹɥɢ ɩɨɩɵɬɤɭ ɨɫɭɳɟɫɬɜɢɬɶ ɪɟɚɤɰɢɸ ɪɟɰɢɤɥɢɡɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ 1ɚ-

ɫ ɫ 4-ɦɟɬɢɥɩɢɪɢɦɢɞɢɧ-2-ɚɦɢɧɨɦ (4) ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫ ɜɵɯɨɞɚɦɢ 60-62% ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ (5a-c) ɩɪɨɢɡɜɨɞɧɵɯ ɛɟɧɡɨ[gh]ɩɟɪɢɦɢɞɢɧɚ (1,3-ɞɢɚɡɚɩɢɪɟɧɚ) ɫ 
ɦɟɬɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɜ ɩɨɥɨɠɟɧɢɢ 6 (ɫɯɟɦɚ 2). 
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ɋɯɟɦɚ 2. ɋɢɧɬɟɡ 2-R-6-ɦɟɬɢɥɛɟɧɡɨ[gh]ɩɟɪɢɦɢɞɢɧɨɜ 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Andricopolo A.D., Muller L.A., Filho V.C., Cani G.-N.R.J., Yunes R.A., // Farmaco. – 2000. – V. 55(4). – P. 319. 
2. Fairfull A.E.S., Peak D.A., Short W.F., Watkins T.I., // J. Chem. Soc. – 1952. – P. 4700. 
3. Roknic S., Glavas-Obrovac L., Karner I., Piantanida I., Zinic M., Pavelic K.,  // Chemotherapy. – 2000. – V. 46. – P. 

143. 
4. Balzani V., Credi A., Langford S.J., Raymo F.M., Stoddart J.F., Venturi M., // J. Am. Chem. Soc. – 2000. – V. 122. – 

P. 3542. 
5. Ʌɨɛɚɱ Ⱦ. Ⱥ., Ʌɨɛɚɱ ɂ. ȼ., Ⱥɤɫɟɧɨɜ Ⱥ. ȼ. Ɇɟɬɨɞ ɚɧɧɟɥɢɪɨɜɚɧɢɹ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɨɝɨ ɮɪɚɝɦɟɧɬɚ ɤ ɩɟɪɢɦɢɞɢɧɚɦ // 

Ɍɟɡ. ɞɨɤɥ. ɍɪɚɥɶɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɪɭɦɚ «ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ». –  ȿɤɚɬɟɪɢɧɛɭɪɝ. – 2014. – ɋ. 
167. 

 



ȻɒɄɏ – 2017                                    ɋɟɤɰɢɹ 1. Ɉɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

 122 

ɍȾɄ 547.794.3, 547.556.33, 66.095.86 

 
ȺɁɈɋɈɑȿɌȺɇɂȿ ȾɂȺɁɈɌɂɊɈȼȺɇɇɕɏ  

5-ɁȺɆȿɓȿɇɇɕɏ 2-ȺɆɂɇɈ-1,3,4-ɌɂȺȾɂȺɁɈɅɈȼ ɋ N,N-ȾɂȺɅɄɂɅȺɇɂɅɂɇȺɆɂ 

 
Ⱥ.Ⱦ. ɋɤɨɥɹɩɨɜɚ, Ƚ.Ⱥ. ɋɟɥɢɜɚɧɨɜɚ, ȿ.ȼ. Ɍɪɟɬɶɹɤɨɜ 

ɎȽȻɍɇ ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. ɇ.ɇ. ȼɨɪɨɠɰɨɜɚ  
ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɝ. ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪɨɫɩɟɤɬ Ⱥɤɚɞɟɦɢɤɚ Ʌɚɜɪɟɧɬɶɟɜɚ, ɞ. 9. 
e-mail: alskol@nioch.nsc.ru  

 
Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɧɨɜɵɯ ɚɡɨɯɪɨɦɨɮɨɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɧɟɥɢɧɟɣɧɨ-ɨɩɬɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɞɨɧɨɪɧɨɝɨ ɛɥɨɤɚ ɢɫɩɨɥɶɡɨɜɚɧ ɮɪɚɝɦɟɧɬ N,N-ɞɢɚɥɤɢɥɚɧɢɥɢɧɚ. ȼ ɤɚɱɟɫɬɜɟ 
ɥɢɧɤɟɪɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɢɡɜɨɞɧɵɟ 1,3,4-ɬɢɚɞɢɚɡɨɥɚ, ɞɚɥɟɟ ɩɥɚɧɢɪɭɟɬɫɹ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤ ɧɟɦɭ ɫɢɥɶɧɨɝɨ 
ɚɤɰɟɩɬɨɪɧɨɝɨ ɛɥɨɤɚ – 2,3’,4’-ɬɪɢɰɢɚɧɞɢɮɟɧɢɥɚ. ɉɨɥɭɱɟɧɵ 2-ɚɦɢɧɨ-5-ɡɚɦɟɳɟɧɧɵɟ-1,3,4-ɬɢɚɞɢɚɡɨɥɵ ɢ ɢɫɫɥɟɞɨɜɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɞɢɚɡɨɬɢɪɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɜɨɜɥɟɱɟɧɢɹ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ N,N-ɞɢɚɥɤɢɥɚɧɢɥɢɧɚɦɢ. 

The work is devoted to development of azo chromophores synthesis with second order nonlinear optical properties. The 

amino group of N,N-dialkylanilines was used as a donor block. The derivatives of 1,3,4-thiadiazole were selected as a linker, 

the attachment of 2,3',4'-tricyandiphenyl as a strong acceptor block to 1,3,4-thiadiazole is planned in the future. 2-Amino-5-

substituted-1,3,4-thiadiazoles have been obtained and the possibility of diazotization have been investigated in order to 

involve the products in reaction with N,N-dialkylanilines. 

 

ɇɟɥɢɧɟɣɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɩɪɢɯɨɞɹɬ ɧɚ ɫɦɟɧɭ ɬɪɚɞɢɰɢɨɧɧɵɦ 
ɨɩɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɚɦ, ɬɚɤɢɦ ɤɚɤ ɫɬɟɤɥɨ, ɤɜɚɪɰ, LiNbO3 [1] ɢ ɬ. ɩ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɢɯ ɦɟɧɶɲɟɣ 
ɫɬɨɢɦɨɫɬɶɸ, ɥɭɱɲɟɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɢ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦɢ ɷɥɟɤɬɪɨɨɩɬɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɜɟɞɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɡɚɞɚɱ ɮɨɬɨɧɢɤɢ ɢ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ, ɚ ɢɦɟɧɧɨ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɯɪɨɦɨɮɨɪɨɜ, ɩɪɨɹɜɥɹɸɳɢɯ ɧɟɥɢɧɟɣɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ [2]. Ⱥɡɨɫɨɟɞɢɧɟɧɢɹ, 
ɫɨɞɟɪɠɚɳɢɟ ɞɨɧɨɪɧɵɣ ɢ ɚɤɰɟɩɬɨɪɧɵɣ ɛɥɨɤɢ, ɫɨɩɪɹɠɟɧɧɵɟ ɚɡɨɝɪɭɩɩɨɣ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɨɛɥɚɞɚɸɳɢɟ ɜɵɪɚɠɟɧɧɵɦɢ ɞɢɩɨɥɶɧɵɦɢ ɦɨɦɟɧɬɚɦɢ, ɚ ɬɚɤɠɟ ɛɥɚɝɨɞɚɪɹ ɢɯ ɬɟɪɦɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ, ɯɨɪɨɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɞɨɫɬɭɩɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɯɪɨɦɨɮɨɪɨɜ [3]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɝɟɬɟɪɨɰɢɤɥɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɚɡɨɯɪɨɦɨɮɨɪɨɜ [4]. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 
ɧɚɣɞɟɧɨ ɟɞɢɧɫɬɜɟɧɧɨɟ ɭɩɨɦɢɧɚɧɢɟ ɨ ɫɢɧɬɟɡɟ ɚɡɨɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ 1,3,4-ɬɢɚɞɢɚɡɨɥɚ [5], ɚ ɢɯ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɫɬɚɸɬɫɹ ɧɟɢɡɭɱɟɧɧɵɦɢ, ɩɨɷɬɨɦɭ ɞɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɵɦ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɚɡɨɯɪɨɦɨɮɨɪɚ ɧɚ ɨɫɧɨɜɟ ɬɚɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɛɥɨɤɨɜ, ɤɚɤ ɞɨɧɨɪɵ - N,N-ɞɢɚɥɤɢɥɚɧɢɥɢɧɵ ɢ ɷɥɟɤɬɪɨɧɧɨ-ɞɟɮɢɰɢɬɧɵɟ ɥɢɧɤɟɪɵ – ɬɢɚɞɢɚɡɨɥɵ, ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɜɜɟɞɟɧɢɟɦ ɫɢɥɶɧɨɝɨ ɚɤɰɟɩɬɨɪɚ: 2,3’,4’-ɬɪɢɰɢɚɧɞɢɮɟɧɢɥɚ.  

ɉɪɨɢɡɜɨɞɧɵɟ 2-ɚɦɢɧɨ-1,3,4-ɬɢɚɞɢɚɡɨɥɨɜ ɭɞɨɛɧɨ ɩɨɥɭɱɚɬɶ ɰɢɤɥɢɡɚɰɢɟɣ ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɚ. ɉɨ 
ɦɟɬɨɞɢɤɟ, ɩɨɞɨɛɧɨɣ ɥɢɬɟɪɚɬɭɪɧɨɣ [6], 5-ɦɟɬɢɥ- (1) ɢ 5-ɝɢɞɪɨɤɫɢɦɟɬɢɥ- (2) 2-ɚɦɢɧɨ-1,3,4-
ɬɢɚɞɢɚɡɨɥɵ ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɨɦ 63% ɢ 42% ɤɢɩɹɱɟɧɢɟɦ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ 
ɬɢɨɫɟɦɢɤɚɪɛɚɡɢɞɚ ɫ ɭɤɫɭɫɧɨɣ ɢ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

 

 
 

Ɉɞɧɚɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɢɨɫɟɦɢɤɚɪɛɨɡɢɞɚ ɢ ɩɟɪɮɬɨɪɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɧɟ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 2-ɚɦɢɧɨ-5-(ɩɟɪɮɬɨɪɮɟɧɢɥ)-1,3,4-ɬɢɚɞɢɚɡɨɥɚ (3), ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 
ɧɚɛɥɸɞɚɸɬɫɹ ɬɨɥɶɤɨ ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɫɢɥɶɧɨɝɨ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ 
ɚɝɟɧɬɚ – POCl3 ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɬɢɚɞɢɚɡɨɥ 3 ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɉɨ ɞɚɧɧɵɦ əɆɊ 
19F ɢ ɏɆɋ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ ɬɢɚɞɢɡɨɥ 3 – 89% ɢ 
ɜ ɫɥɟɞɨɜɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɩɪɨɢɡɜɨɞɧɵɟ 1,3,4-ɨɤɫɚɞɢɚɡɨɥɚ: 2-ɚɦɢɧɨ-5-(ɩɟɪɮɬɨɪɮɟɧɢɥ)-1,3,4-
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ɨɤɫɚɞɢɚɡɨɥ (4) – 5% ɢ 2,5-ɛɢɫ-(ɩɟɪɮɬɨɪɮɟɧɢɥ)-1,3,4-ɨɤɫɚɞɢɚɡɨɥ (5) – 6%. Ɍɢɚɞɢɡɨɥ 3 ɜɵɞɟɥɟɧ ɫ 
ɭɦɟɪɟɧɧɵɦ ɜɵɯɨɞɨɦ 45%. 

 

 
 

Ⱥɡɨɫɨɱɟɬɚɧɢɟ ɞɢɚɡɨɬɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɜ 1 ɢ 3 ɫ N,N-ɞɢɚɥɤɢɥɚɧɢɥɢɧɚɦɢ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɢɡɜɟɫɬɧɵɦ ɪɚɧɟɟ ɚɡɨɫɨɟɞɢɧɟɧɢɹɦ: N,N-ɞɢɛɭɬɢɥ-4-(5-ɦɟɬɢɥ-1,3,4-ɬɢɚɞɢɚɡɨɥ-2-ɢɥ)- (6) ɢ N,N-
ɞɢɨɤɬɢɥ-4-(5-ɦɟɬɢɥ-1,3,4-ɬɢɚɞɢɚɡɨɥ-2-ɢɥ)- (7), N,N-ɞɢɛɭɬɢɥ-4-((5-ɩɟɧɬɚɮɬɨɪɮɟɧɢɥ)-1,3,4-
ɬɢɚɞɢɚɡɨɥ-2-ɢɥ)- (8) ɞɢɚɡɟɧɢɥɚɧɢɥɢɧɚɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɢɚɞɢɚɡɨɥɵ 1-3 ɩɥɨɯɨ ɪɚɫɬɜɨɪɢɦɵ 
ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɨ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɜɨɞɟ, ɬɨɝɞɚ ɤɚɤ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ N,N-ɞɢɚɥɤɢɥɚɧɢɥɢɧɨɜ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɚɥɤɢɥɶɧɨɝɨ ɯɜɨɫɬɚ ɩɚɞɚɟɬ. ɉɨɞɛɨɪ 
ɭɫɥɨɜɢɣ ɞɢɚɡɨɬɢɪɨɜɚɧɢɹ ɢ ɚɡɨɫɨɱɟɬɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ, ɬɪɟɛɭɸɳɭɸ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ɪɟɚɝɟɧɬɨɜ. ɉɪɨɜɨɞɢɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ 
ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɹɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ, ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ ɢ 
ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬ), pH ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɩɨɪɹɞɤɨɦ ɫɦɟɲɢɜɚɧɢɹ ɚɡɨɫɨɫɬɚɜɥɹɸɳɟɣ ɢ 
ɞɢɚɡɨɫɨɫɬɚɜɥɹɸɳɟɣ, ɫɨɨɬɧɨɲɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɢ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ. 

 

 
 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɥɭɱɲɢɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɫɢɧɬɟɡɚ ɤɪɚɫɢɬɟɥɹ 6 (ɜɵɯɨɞ 25%) ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ 
ɫɥɟɞɭɸɳɢɟ: ɩɪɨɜɟɞɟɧɢɟ ɤɚɤ ɞɢɚɡɨɬɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɚɡɨɫɨɱɟɬɚɧɢɹ ɜ ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɫ pH 
= 1 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɚɡɨɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɦɩɨɧɟɧɬɵ ɤ ɫɨɥɢ ɞɢɚɡɨɧɢɹ. Ⱦɥɹ ɫɢɧɬɟɡɚ ɤɪɚɫɢɬɟɥɹ 7 
(ɜɵɯɨɞ 8%) ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɚɡɨɫɨɱɟɬɚɧɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ, 
ɩɨɜɵɲɚɸɳɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɶ N,N-ɞɢɨɤɬɢɥɚɧɢɥɢɧɚ. Ⱥɡɨɤɪɚɫɢɬɟɥɶ 8 ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɫ ɧɢɡɤɢɦ 
ɜɵɯɨɞɨɦ 4% ɬɨɥɶɤɨ ɜ ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ ɢ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬ. 

ɋɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɣ 6-8 ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ əɆɊ-, ɂɄ- ɢ ɍɎ-
ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ȼ ɷɥɟɤɬɪɨɧɧɵɯ ɫɩɟɤɬɪɚɯ ɫɨɟɞɢɧɟɧɢɣ 6 ɢ 7 ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 
503 ɧɦ. Ɂɚɦɟɧɚ ɦɟɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɧɚ ɫɢɥɶɧɵɣ ɚɤɰɟɩɬɨɪ – ɩɟɧɬɚɮɬɨɪɮɟɧɢɥ ɩɪɢɜɨɞɢɬ ɤ 
ɛɚɬɨɯɪɨɦɧɨɦɭ ɫɞɜɢɝɭ ~ɧɚ 30 ɧɦ (ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 532 ɧɦ ɞɥɹ 8). Ʉɚɤ ɦɨɞɟɥɶɧɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɨɩɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɟɣɱɚɫ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɦɟɪɱɟɫɤɢ 
ɞɨɫɬɭɩɧɵɟ ɤɪɚɫɢɬɟɥɢ ɬɢɩɚ DR (ɧɚɩɪɢɦɟɪ, DR1) c ɩɨɝɥɨɳɟɧɢɟɦ ɜ ɨɛɥɚɫɬɢ 500 ɧɦ, ɩɨɷɬɨɦɭ 
ɫɨɟɞɢɧɟɧɢɹ 5-8 ɫɩɨɫɨɛɧɵ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɦɨɞɟɥɶɧɵɦɢ ɯɪɨɦɨɮɨɪɚɦɢ. 
 

Ȼɥɚɝɨɞɚɪɢɦ ɫɨɬɪɭɞɧɢɤɨɜ ɐɄɉ ɇɂɈɏ ɋɈ ɊȺɇ ɡɚ ɫɨɞɟɣɫɬɜɢɟ ɜ ɪɚɛɨɬɟ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ 
ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɇɎ (№ 16-13-10156). 
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Ɏɬɨɪɢɪɨɜɚɧɧɵɟ ɚɦɢɧɨɯɢɧɨɥɢɧɵ – ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɢ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɯɢɦɢɢ. ɉɨɥɭɱɟɧɢɟ ɬɚɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜɨɡɦɨɠɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɧɢɬɪɨɯɢɧɨɥɢɧɨɜ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɧɢɬɪɨɜɚɧɢɟ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɩɨ ɛɟɧɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ ɯɢɧɨɥɢɧ-2ɨɧɨɜ ɢ 2-ɯɥɨɪɯɢɧɨɥɢɧɨɜ. 
Ɋɚɡɪɚɛɨɬɚɧ ɩɨɞɯɨɞ ɤ ɮɬɨɪɢɪɨɜɚɧɧɵɦ ɚɦɢɧɨɯɢɧɨɥɢɧɚɦ ɢɧɵɦ ɫɩɨɫɨɛɨɦ ɧɟ ɞɨɫɬɭɩɧɵɦ. 

Fluorinated aminoquinolines are promising compounds for pharmacological and coordination chemistry. Such 

compounds can be obtained by reduction of fluorinated nitroquinolines. Nitration of fluorinated on the benzene ring 2-

quinolinones and 2-chloroquinolines was studied in this work. An approach to a several fluorinated aminoquinolines 

previously inaccessible has been developed. 

 

Ⱥɦɢɧɨɯɢɧɨɥɢɧɵ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɤɚɤ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɢ ɜ ɫɢɧɬɟɡɟ 
ɪɚɡɥɢɱɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [1]. Ʉɪɨɦɟ ɬɨɝɨ, ɚɦɢɧɨɯɢɧɨɥɢɧɵ ɫɩɨɫɨɛɧɵ 
ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɢɞɟɧɬɚɬɧɵɯ ɥɢɝɚɧɞɨɜ [2]. ɇɚɥɢɱɢɟ ɚɬɨɦɨɜ ɮɬɨɪɚ ɜɨ ɮɬɨɪɢɪɨɜɚɧɧɵɯ 
ɚɦɢɧɨɯɢɧɨɥɢɧɚɯ ɨɬɤɪɵɜɚɟɬ ɲɢɪɨɤɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɯɢɧɨɥɢɧɨɜɨɝɨ ɨɫɬɨɜɚ 
ɪɟɚɤɰɢɹɦɢ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ, ɚ ɩɪɢɫɭɬɫɬɜɢɟ ɚɦɢɧɨɝɪɭɩɩɵ ɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɚɤɰɢɣ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɢ ɚɡɨɫɨɱɟɬɚɧɢɹ. ɉɨɥɭɱɟɧɢɟ 2- ɢ 8-ɚɦɢɧɨɡɚɦɟɳɟɧɧɵɯ 
ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɯɢɧɨɥɢɧɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɞɥɹ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɬɨɦɨɜ ɮɬɨɪɚ ɜ ɛɟɧɡɨɥɶɧɨɦ ɤɨɥɶɰɟ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɸ ɢ 
ɫɜɨɣɫɬɜɚ ɤɨɦɩɥɟɤɫɨɜ. ȼ ɫɜɟɬɟ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɫɢɧɬɟɡ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɩɨ 
ɛɟɧɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ ɚɦɢɧɨɯɢɧɨɥɢɧɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɂɡɜɟɫɬɧɨ ɩɨɥɭɱɟɧɢɟ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɯɢɧɨɥɢɧɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɧɢɬɪɨɝɪɭɩɩɵ, 
ɤɨɬɨɪɚɹ ɜɜɨɞɢɬɫɹ ɧɚ ɫɬɚɞɢɢ ɫɛɨɪɤɢ ɯɢɧɨɥɢɧɨɜɨɝɨ ɨɫɬɨɜɚ [3]. ȼɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ 
ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɯɢɧɨɥɢɧɨɜ ɢɡ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɯɢɧɨɥɢɧɨɜ ɞɜɭɦɹ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ: 
ɧɢɬɪɨɜɚɧɢɟɦ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɧɢɬɪɨɝɪɭɩɩɵ ɢɥɢ ɚɦɢɧɢɪɨɜɚɧɢɟɦ ɫ ɡɚɦɟɳɟɧɢɟɦ 
ɧɚ ɚɦɢɧɨɝɪɭɩɩɭ ɚɬɨɦɨɜ ɮɬɨɪɚ ɢɥɢ ɜɨɞɨɪɨɞɚ. ɉɨɫɥɟɞɧɢɣ ɩɨɞɯɨɞ ɛɵɥ ɭɫɩɟɲɧɨ ɩɨɤɚɡɚɧ ɜ ɪɚɛɨɬɚɯ 
[4]. Ɋɚɧɟɟ ɦɵ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɢɡɭɱɢɥɢ ɚɦɦɨɧɨɥɢɡ ɞɟɣɫɬɜɢɟɦ ɜɨɞɧɨɝɨ ɢ ɠɢɞɤɨɝɨ ɚɦɦɢɚɤɚ ɧɚ 
ɩɨɥɢɮɬɨɪɢɪɨɜɚɧɧɵɟ ɩɨ ɛɟɧɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ 2-ɯɥɨɪɯɢɧɨɥɢɧɵ ɢ ɨɬɤɪɵɥɢ ɞɨɫɬɭɩ ɤ ɲɢɪɨɤɨɦɭ ɪɹɞɭ 
ɚɦɢɧɨɩɪɨɢɡɜɨɞɧɵɯ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɯɢɧɨɥɢɧɨɜ [5]. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɹɫɧɨ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɷɬɨɝɨ 
ɩɨɞɯɨɞɚ ɧɟɤɨɬɨɪɵɟ ɢɡ ɚɦɢɧɨɩɪɨɢɡɜɨɞɧɵɯ ɜ ɩɪɢɧɰɢɩɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ. ɋ ɰɟɥɶɸ ɜɵɯɨɞɚ 
ɧɚ ɩɨɫɥɟɞɧɢɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɭɬɶ; ɨɧ ɜɤɥɸɱɚɟɬ ɩɨɥɭɱɟɧɢɟ 
ɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɯ ɩɨɥɢɮɬɨɪɢɪɨɜɚɧɧɵɯ ɩɨ ɛɟɧɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ ɯɢɧɨɥɢɧɨɜ ɢ ɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɦɢɧɨɩɪɨɢɡɜɨɞɧɵɟ. 

ɂɫɫɥɟɞɨɜɚɥɢ ɞɟɣɫɬɜɢɟ ɬɪɟɯ ɧɢɬɪɭɸɳɢɯ ɫɢɫɬɟɦ: ɫɦɟɫɟɣ ɚɡɨɬɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ, BF3·Et2O ɫ 
ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɢ BF3 ɫ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɜ ɫɭɥɶɮɨɥɚɧɟ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɢɬɪɭɸɳɟɣ ɫɦɟɫɢ ɧɚ 5,7-
ɞɢɮɬɨɪ- (1) ɢ 6,8-ɞɢɮɬɨɪ- (2) -2-ɯɥɨɪɯɢɧɨɥɢɧɵ ɩɨɥɭɱɟɧɵ 8-ɧɢɬɪɨ-5,7-ɞɢɮɬɨɪ- (3) ɢ 5-ɧɢɬɪɨ-6,8-
ɞɢɮɬɨɪ- (4) -2-ɯɥɨɪɯɢɧɨɥɢɧɵ ɫ ɜɵɯɨɞɨɦ 45%. 6,7-Ⱦɢɮɬɨɪ-2-ɯɥɨɪɯɢɧɨɥɢɧ (5) ɨɛɪɚɡɭɟɬ ɢɡɨɦɟɪɧɵɟ 
5-ɧɢɬɪɨ- (6) ɢ 8-ɧɢɬɪɨ- (7) -6,7-ɞɢɮɬɨɪ-2-ɯɥɨɪɯɢɧɨɥɢɧɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:3.  
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ɇɚɥɢɱɢɟ ɚɬɨɦɚ ɯɥɨɪɚ ɜɨ ɜɬɨɪɨɦ ɩɨɥɨɠɟɧɢɢ ɯɢɧɨɥɢɧɨɜɨɝɨ ɨɫɬɨɜɚ ɧɟ ɜɥɢɹɟɬ ɧɚ ɯɨɞ 
ɩɪɟɜɪɚɳɟɧɢɹ. Ɍɚɤ, ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ, ɚɧɚɥɨɝ 1 – 5,7-ɞɢɮɬɨɪɯɢɧɨɥɢɧ (8) ɨɛɪɚɡɭɟɬ 8-
ɧɢɬɪɨ-5,7-ɞɢɮɬɨɪɯɢɧɨɥɢɧ (9) ɫ ɬɚɤɢɦ ɠɟ ɜɵɯɨɞɨɦ. Ⱦɥɹ ɧɢɬɪɨɜɚɧɢɹ ɯɢɧɨɥɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɞɜɚ ɢ 
ɛɨɥɟɟ ɚɬɨɦɨɜ ɝɚɥɨɝɟɧɚ ɜ ɯɢɧɨɥɢɧɨɜɨɦ ɨɫɬɨɜɟ, ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɜɚɤɚɧɬɧɨɫɬɶ 
ɩɨɥɨɠɟɧɢɣ 5 ɢ 8. ȼ ɫɥɭɱɚɟ 5,7-ɞɢɮɬɨɪ-6-ɯɥɨɪɯɢɧɨɥɢɧɚ (10) ɨɛɪɚɡɭɟɬɫɹ 8-ɧɢɬɪɨ-5,7-ɞɢɮɬɨɪ-6-
ɯɥɨɪɯɢɧɨɥɢɧ (11), ɚ ɜ ɫɥɭɱɚɟ 6,7,8-ɬɪɢɮɬɨɪ-2-ɯɥɨɪɯɢɧɨɥɢɧɚ (12) – 5-ɧɢɬɪɨ-6,7,8-ɬɪɢɮɬɨɪ-2-
ɯɥɨɪɯɢɧɨɥɢɧ (13). 5,6,7,8-Ɍɟɬɪɚɮɬɨɪ- (14) ɢ ɢɡɨɦɟɪɧɵɟ 5,6,8-ɬɪɢɮɬɨɪ- (15) ɢ 5,7,8-ɬɪɢɮɬɨɪ-2-
ɯɥɨɪɯɢɧɨɥɢɧɵ (16) ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɧɟ ɚɤɬɢɜɧɵ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜ ɛɨɥɟɟ ɠɟɫɬɤɢɯ 
ɭɫɥɨɜɢɹɯ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ ɮɬɨɪɢɪɨɜɚɧɧɨɝɨ ɤɨɥɶɰɚ, ɢ ɨɛɪɚɡɭɟɬɫɹ 2,3-
ɩɢɪɢɞɢɧɞɢɤɚɪɛɨɧɨɜɵɣ ɚɧɝɢɞɪɢɞ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɫɢɥɶɧɨɝɨ ɧɢɬɪɭɸɳɟɝɨ ɚɝɟɧɬɚ – ɫɦɟɫɢ 
ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ ɫ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɜ ɫɭɥɶɮɨɥɚɧɟ, ɬɚɤɠɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɟ ɯɢɧɨɥɢɧɨɜ 14-16.  

ɇɢɬɪɨɜɚɧɢɟ ɛɨɥɟɟ ɚɤɬɢɜɧɵɯ ɫɭɛɫɬɪɚɬɨɜ ɯɢɧɨɥɢɧ-2-ɨɧɨɜ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɩɪɟɜɪɚɳɟɧɢɟ ɢɯ ɜ 
2-ɯɥɨɪɧɢɬɪɨɯɢɧɨɥɢɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ ɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɯ 14-16. 
Ⱦɟɣɫɬɜɢɟɦ ɧɢɬɪɭɸɳɟɣ ɫɦɟɫɢ ɧɚ 5,6,7,8-ɬɟɬɪɚɮɬɨɪɯɢɧɨɥɨɧ (17) ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ 3-ɧɢɬɪɨ-5,6,7,8-
ɬɟɬɪɚɮɬɨɪɯɢɧɨɥɨɧ (18). ɉɨɤɚɡɚɧɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ ɞɢɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɯ: ɞɟɣɫɬɜɢɟɦ 
BF3 ɜ HNO3 ɧɚ 5,7,8-ɯɢɧɨɥɢɧ-2-ɨɧ (19) ɫɢɧɬɟɡɢɪɨɜɚɧ 3,6-ɞɢɧɢɬɪɨ-5,7,8-ɯɢɧɨɥɢɧ-2-ɨɧ (20), ɚ ɢɡ 
6,8-ɞɢɮɬɨɪɯɢɧɨɥɢɧ-2-ɨɧɚ (21) – 3,5-ɞɢɧɢɬɪɨ-6,8-ɞɢɮɬɨɪɯɢɧɨɥɢɧ-2-ɨɧ (22).  

 

 
 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ ɮɬɨɪɚ ɜ ɛɟɧɡɨɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ ɯɢɧɨɥɢɧɨɜɨɝɨ ɨɫɬɨɜɚ ɨɩɪɟɞɟɥɹɟɬ 
ɧɚɩɪɚɜɥɟɧɢɟ ɷɥɟɤɬɪɨɮɢɥɶɧɨɣ ɚɬɚɤɢ. ɏɢɧɨɥɨɧ 21 ɩɪɢ ɞɟɣɫɬɜɢɢɢ ɧɢɬɪɭɸɳɟɣ ɫɦɟɫɢ ɨɛɪɚɡɭɟɬ 5-
ɧɢɬɪɨ-6,8-ɞɢɮɬɨɪɯɢɧɨɥɢɧ-2-ɨɧ (23), 6,7-ɞɢɮɬɨɪɯɢɧɨɥɢɧ-2-ɨɧ (24) ɫɦɟɫɶ 3-ɧɢɬɪɨ- (25), 5-ɧɢɬɪɨ- 
(26) ɢ 8-ɧɢɬɪɨ- (27) ɯɢɧɨɥɢɧ-2-ɨɧɨɜ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 7:1:3, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɧɢɬɪɨɜɚɧɢɢ 
ɯɢɧɨɥɨɧɚ 19 ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɜɜɟɞɟɧɢɟ ɧɢɬɪɨɝɪɭɩɩɵ ɜ ɛɟɧɡɨɥɶɧɵɣ ɮɪɚɝɦɟɧɬ, ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɦɟɫɢ 3-ɧɢɬɪɨ- (28) ɢ 6-ɧɢɬɪɨ- (29) 5,7,8-ɯɢɧɨɥɢɧ-2-ɨɧɨɜ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:2, ɚ 
6,7,8-ɬɪɢɮɬɨɪɯɢɧɨɥɨɧ (30) ɨɛɪɚɡɭɟɬ ɫɦɟɫɶ 3-ɧɢɬɪɨ-(31) ɢ 5-ɧɢɬɪɨ- (32) 6,7,8-ɬɪɢɮɬɨɪɯɢɧɨɥɨɧɨɜ 
ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɪɚɜɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɫɦɟɫɢ BF3·Et2O ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ (1:10) ɧɚ ɯɥɨɪɯɢɧɨɥɢɧɵ 2 ɢ 16 ɫ ɦɚɥɨɣ 
ɫɬɟɩɟɧɶɸ ɤɨɧɜɟɪɫɢɢ ɨɛɪɚɡɭɸɬɫɹ ɬɨɥɶɤɨ ɩɪɨɞɭɤɬɵ ɝɢɞɪɨɥɢɡɚ ɢ ɨɤɢɫɥɟɧɢɹ: ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɯɢɧɨɥɢɧɨɧɵ. 

ɇɚ ɩɪɢɦɟɪɟ ɧɢɬɪɨɯɢɧɨɥɢɧɨɜ 4 ɢ 9 ɩɪɢ ɞɟɣɫɬɜɢɢ ɠɟɥɟɡɚ ɜ ɫɩɢɪɬɟ ɩɨɤɚɡɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 5-ɚɦɢɧɨ-6,8-ɞɢɮɬɨɪ- (33) ɢ 8-
ɚɦɢɧɨ-5,7-ɞɢɮɬɨɪ- (34) ɯɢɧɨɥɢɧɨɜ.  

 

 
 

ȼ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɟ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɩɨ ɛɟɧɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ 
ɯɢɧɨɥɢɧɨɜ ɢ ɯɢɧɨɥɢɧ-2-ɨɧɨɜ. ɇɚɣɞɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɢɬɪɨɯɢɧɨɥɢɧɨɜ, 
ɩɨɡɜɨɥɢɜɲɢɣ ɩɨɥɭɱɢɬɶ ɧɟɞɨɫɬɭɩɧɵɟ ɚɦɢɧɨɞɟɝɚɥɨɝɟɧɢɪɨɜɚɧɢɟɦ ɚɦɢɧɨɯɢɧɨɥɢɧɵ ɫ ɜɵɯɨɞɚɦɢ 
ɜɵɲɟ 80%. 
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Ȼɥɚɝɨɞɚɪɢɦ ɫɨɬɪɭɞɧɢɤɨɜ ɐɄɉ ɇɂɈɏ ɋɈ ɊȺɇ ɡɚ ɫɨɞɟɣɫɬɜɢɟ ɜ ɪɚɛɨɬɟ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ 

ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɩɪɨɟɤɬ 14-03-00108). 
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 3-ɚɦɢɧɨ-8-ɝɢɞɪɨɤɫɢ-1,6-ɞɢɨɤɫɨ-2,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-3-ɟɧ-4-ɤɚɪɛɨɧɢɬɪɢɥɨɜ ɫ ɪɟɚɤɬɢɜɨɦ 

Ʌɨɭɫɫɨɧɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɬɪɢɰɢɤɥɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ – 4-ɚɦɢɧɨ-6-ɫɭɥɶɮɚɧɢɥɢɞɟɧ-3,7,9-ɬɪɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.0]ɭɧɞɟɤ-

4-ɟɧ-2,10-ɞɢɨɧ. 
The tricyclic system – 4-amino-6-sulfanylidene-3,7,9-triazatricyclo [6.2.1.0] undec-4-ene-2,10-dione – was prepared by 

reacting of 3-amino-8-hydroxy-1,6- dioxo-2,7-diazaspiro [4.4] non-3-ene-4-carbonitriles with a Lawesson's reagent. 

 
ȼ ɯɢɦɢɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟɪɟɞɤɨ ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɢɦɟɪɵ ɦɨɥɟɤɭɥ, ɫɩɨɫɨɛɧɵɯ 

ɫɭɳɟɫɬɜɨɜɚɬɶ ɤɚɤ ɜ ɰɢɤɥɢɱɟɫɤɨɣ ɬɚɤ ɢ ɜ ɥɢɧɟɣɧɨɣ ɮɨɪɦɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ. Ɍɚɤɚɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɦɟɟɬɫɹ ɡɚ ɫɱɟɬ ɛɥɚɝɨɩɪɢɹɬɧɨ ɨɪɝɚɧɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɵɯ 
ɝɟɬɟɪɨɚɬɨɦɨɜ (N, O, S), ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɯ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɚɪɹɞɨɜ ɜ ɦɨɥɟɤɭɥɟ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɟɟ ɞɟɰɢɤɥɢɡɚɰɢɟɣ. Ʌɢɧɟɣɧɚɹ ɬɚɭɬɨɦɟɪɧɚɹ ɮɨɪɦɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɟɩɶ ɫ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɫɛɥɢɠɟɧɧɵɦɢ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɝɟɬɟɪɨɚɬɨɦɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ [1-4].  

Ɉɛɴɟɤɬɵ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ – 3-ɚɦɢɧɨ-8-ɝɢɞɪɨɤɫɢ-1,6-ɞɢɨɤɫɨ-2,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-3-
ɟɧ-4-ɤɚɪɛɨɧɢɬɪɢɥɵ 1 – ɫɩɨɫɨɛɧɵ ɤ ɩɪɨɹɜɥɟɧɢɸ ɬɚɤɨɝɨ ɜɢɞɚ ɬɚɭɬɨɦɟɪɢɢ ɡɚ ɫɱɟɬ ɧɚɥɢɱɢɹ 5-
ɝɢɞɪɨɤɫɢɥɚɤɬɚɦɧɨɝɨ ɮɪɚɝɦɟɧɬɚ (ɪɢɫ. 1) [5, 6]. Ʉɥɸɱɟɜɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ, ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ 
ɬɚɭɬɨɦɟɪɧɵɟ ɫɜɨɣɫɬɜɚ ɢɡɭɱɚɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɨɞɜɢɠɧɵɣ 
ɩɪɨɬɨɧ ɤɨɬɨɪɨɣ ɭɱɚɫɬɜɭɟɬ ɜ ɞɟɰɢɤɥɢɡɚɰɢɢ.  

 

 
Ɋɢɫ. 1. Ʉɨɥɶɱɚɬɨ-ɰɟɩɧɚɹ ɬɚɭɬɨɦɟɪɢɹ ɫɨɟɞɢɧɟɧɢɣ 1 

 
ɋ ɰɟɥɶɸ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɨɝ ɥɢɧɟɣɧɨɣ ɮɨɪɦɵ 1' ɡɚɦɟɧɨɣ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ 

ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɢ ɞɟɰɢɤɥɢɡɚɰɢɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɧɚ ɚɬɨɦ ɫɟɪɵ ɛɵɥɨ ɨɫɭɳɟɫɬɜɥɟɧɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɩɢɪɚɧɨɜ 1 ɫ ɪɟɚɤɬɢɜɨɦ Ʌɨɭɫɫɨɧɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɅɊ ɡɚɦɟɧɢɬ 
ɋ=Ɉ ɨɬɤɪɵɬɨɣ ɮɨɪɦɵ ɧɚ ɋ=S ɢ ɧɚ ɷɬɨɦ ɩɪɟɜɪɚɳɟɧɢɹ ɨɫɬɚɧɨɜɹɬɫɹ, ɩɨɡɜɨɥɢɜ ɡɚɮɢɤɫɢɪɨɜɚɬɶ 
ɨɬɤɪɵɬɭɸ ɮɨɪɦɭ. Ɉɞɧɚɤɨ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɭɟɬɫɹ ɬɪɢɰɢɤɥɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ – 4-ɚɦɢɧɨ-6-
ɫɭɥɶɮɚɧɢɥɢɞɟɧ-3,7,9-ɬɪɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.01,5]ɭɧɞɟɤ-4-ɟɧ-2,10-ɞɢɨɧ 2 ɫ ɜɵɯɨɞɨɦ 74-87% (ɪɢɫ. 2).  

 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 2 

 
ɉɨ-ɜɢɞɢɦɨɦɭ, ɬɢɨɤɟɬɨɧɧɚɹ ɝɪɭɩɩɚ ɫɧɨɜɚ ɰɢɤɥɢɡɭɟɬɫɹ ɜ 5-ɦɟɪɤɚɩɬɨɩɢɪɪɨɥɨɞɢɧ-2-ɨɧ, ɜɵɡɜɚɜ 

ɛɨɥɟɟ ɝɥɭɛɨɤɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɫ ɭɱɚɫɬɢɟɦ ɰɢɚɧɨɝɪɭɩɩɵ (ɪɢɫ. 3). 
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Ɋɢɫ. 3. Ɇɟɯɚɧɢɡɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨɟɞɢɧɟɧɢɣ 1 ɫ ɪɟɚɤɬɢɜɨɦ Ʌɨɭɫɫɨɧɚ 

 
ɉɪɟɜɪɚɳɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɚɬɚɤɢ ɅɊ ɩɨ ɋ=Ɉ ɥɢɧɟɣɧɨɣ ɮɨɪɦɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ i2. Ⱦɚɥɟɟ ɫɧɨɜɚ 

ɩɪɨɢɫɯɨɞɢɬ ɰɢɤɥɢɡɚɰɢɹ ɫ ɭɱɚɫɬɢɟɦ ɜɧɨɜɶ ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɬɢɨɤɟɬɨɧɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɨɥɟɟ 
ɧɭɤɥɟɨɮɥɶɧɵɣ ɚɬɨɦ ɫɟɪɵ ɚɬɚɤɭɟɬ ɰɢɚɧɨɝɪɭɩɩɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢɦɢɧɨɬɢɨɮɟɧɚ i4. 
ɉɨɫɥɟɞɭɸɳɚɹ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ ɡɚɜɟɪɲɚɟɬ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 2. 

ɋɬɪɨɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 2 ɭɫɬɚɧɨɜɥɟɧɨ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ ɂɄ, əɆɊ 1ɇ, 
əɆɊ 13ɋ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɯɨɞɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 3-ɚɦɢɧɨ-8-ɝɢɞɪɨɤɫɢ-1,6-ɞɢɨɤɫɨ-2,7-
ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-3-ɟɧ-4-ɤɚɪɛɨɧɢɬɪɢɥɨɜ 1 ɫ ɪɟɚɤɬɢɜɨɦ Ʌɨɭɫɫɨɧɚ ɫ ɜɵɯɨɞɨɦ 74-87% ɛɵɥɚ 
ɩɨɥɭɱɟɧɚ ɪɟɞɤɚɹ ɬɪɢɰɢɤɥɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ [7-9] – 4-ɚɦɢɧɨ-6-ɫɭɥɶɮɚɧɢɥɢɞɟɧ-3,7,9-
ɬɪɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.01,5]ɭɧɞɟɤ-4-ɟɧ-2,10-ɞɢɨɧ 2. 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɪɚɦɤɚɯ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ 

ɚɫɩɢɪɚɧɬɨɜ ɋɉ-2802.2015.4. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Toth G., Hornyák G., Lempert K. as-Triazine und kondensierte Derivate, XVIII. Zur Ring-Ketten-Tautomerie bei 3-

Hydroxythiazolo[3,2-b]-as-triazin-7-onen // Chem. Ber. – 1977. – №4. – P. 1492–1496. 
2. Ɍɚɭɬɨɦɟɪɢɹ 2-ɚɰɢɥ-3-ɨɤɫɢɢɡɨɤɫɚɡɨɥɢɞɢɧɨɜ / Ʉ.ɇ. Ɂɟɥɟɧɢɧ, ɂ.ɉ. Ȼɟɠɚɧ, Ʌ.Ⱥ. ɋɜɢɪɢɞɨɜɚ, Ƚ.Ⱥ. Ƚɨɥɭɛɟɜɚ, ɂ.Ⱥ. 

Ɇɨɬɨɪɢɧɚ // ɏȽɋ. – 1985, –№8. – ɋ. 1137–1138. 
3. Ɇɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɥɶɱɚɬɨ-ɰɟɩɧɨɣ ɬɚɭɬɨɦɟɪɢɢ ɜ ɫɟɪɢɢ ɡɚɦɟɳɟɧɧɵɯ 4-

ɝɢɞɪɨɤɫɢɝɟɤɫɚɝɢɞɪɨɩɢɪɢɦɢɞɢɧ-2-ɬɢɨɧɨɜ / Ⱥ.ɋ. Ɇɨɫɤɨɜɢɧ, ɇ.ɇ. Ƚɭɫɟɜɚ, Ʌ.Ⱥ. ɂɝɧɚɬɨɜɚ, ɂ.ȼ. Ɇɢɪɨɲɧɢɱɟɧɤɨ, Ȼ.ȼ. 
ɍɧɤɨɜɫɤɢɣ // ɏȽɋ. – 1983. – №9. – ɋ. 1273–1278. 

4. The first chemical synthesis of the core structure of the benzoylhydrazine − NAD adduct, a competitive inhibitor of 
the mycobacterium tuberculosis enoyl reductase / S. Broussy, V. Bernardes-Génisson, A. Quémard, B. Meunier, J. Bernadou 
// J. Org. Chem. 2005. – №25. – P. 10502–10510. 

5. Domino synthesis of 3-amino-8-hydroxy-1,6-dioxo-2,7-diazaspiro[4.4]non-3-ene-4-carbonitriles / S.V. Fedoseev, 
O.V. Ershov, M.Yu. Belikov, K.V. Lipin, I.N. Bardasov, O.E. Nasakin, V.A. Tafeenko // Tetrahedron Letters. – 2013. – №17. 
P. 2143–2145. 

6. The rare transformation of 2,7-diazaspiro[4.4]nonanes in furo[3,4-c]pyridines / S.V. Fedoseev, O.V. Ershov, K.V. 
Lipin, M.Yu. Belikov // RSC Adv. – 2016. – №6. Ɋ. 10597–10600. 

7. ɋɢɧɬɟɡ 3,7,9-ɬɪɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.01,5]ɭɧɞɟɤɚ-2,4-ɞɢɟɧɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 2-ɨɤɫɚ-7-ɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-3,6,8-
ɬɪɢɟɧɨɜ ɫ ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ // Ɇ.ɘ. Ȼɟɥɢɤɨɜ, ɂ.ȼ. Ȼɟɥɢɤɨɜɚ, Ɉ.ȼ. ȿɪɲɨɜ, ɋ.ȼ. Ɏɟɞɨɫɟɟɜ // ɀɈɪɏ. – 2016. – №12. – 
ɋ. 1860–1862.  

8. ɋɢɧɬɟɡ 11,11-ɞɢɚɥɤɢɥ-5-ɯɥɨɪ-3,7,9-ɬɪɢɚɡɚɬɪɢɰɢɤɥɨ-[6.2.1.01,5]ɭɧɞɟɤɚɧ-2,4,6,10-ɬɪɢɨɧɨɜ / Ⱥ.ȼ. ȿɪɟɦɤɢɧ, Ɉ.ȼ. 
ȿɪɲɨɜ, ȼ.ȼ. Ⱦɚɜɵɞɨɜɚ, Ɉ.ȿ. ɇɚɫɚɤɢɧ // ɀɈɪɏ. – 2015. – №12. – ɋ. 1846–1847. 

9. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 2,2,3,3-ɬɪɢɰɢɚɧɨɰɢɤɥɨɩɪɨɩɢɥ ɤɟɬɨɧɨɜ ɫ ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ / ə.ɋ. Ʉɚɸɤɨɜ, ɂ.ɇ. 
Ȼɚɪɞɚɫɨɜ, ɋ.ȼ. Ʉɚɪɩɨɜ, Ɉ.ȼ. ȿɪɲɨɜ, Ɉ.ȿ. ɇɚɫɚɤɢɧ, Ɉ.ȼ. Ʉɚɸɤɨɜɚ,  ȼ.Ⱥ. Ɍɚɮɟɟɧɤɨ // ɀɈɪɏ. – 2012. – №11. – ɋ.1463–
1471. 

 



ȻɒɄɏ – 2017                                    ɋɟɤɰɢɹ 1. Ɉɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

 130 

ɍȾɄ 547.233 

 

ȺɊɈɆȺɌɂɑȿɋɄɂȿ ȺɆɂɇɕ ȼ ȺɁȺ-ɊȿȺɄɐɂɂ ɆɂɏȺɗɅə 

 

Ⱥ.ɂ. Ɏɟɞɨɬɨɜɚ 
ɂɪɂɏ ɢɦ.Ⱥ.ȿ.Ɏɚɜɨɪɫɤɨɝɨ ɋɈ ɊȺɇ,  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664033, ɂɪɤɭɬɫɤ, ɭɥ. Ɏɚɜɨɪɫɤɨɝɨ 1. 
e-mail: alenaf91@list.ru  

 
ɍɧɢɤɚɥɶɧɚɹ ɤɨɦɛɢɧɚɰɢɹ 1,1,1,3,3,3-ɝɟɤɫɚɮɬɨɪɢɡɨɩɪɨɩɚɧɨɥɚ (HFIP) ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 

ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ 1,4-ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɢ ɜɬɨɪɢɱɧɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ ɤ ɫɬɟɪɢɱɟɫɤɢ 
ɡɚɬɪɭɞɧɟɧɧɵɦ ɚɤɰɟɩɬɨɪɚɦ Ɇɢɯɚɷɥɹ. 

 The unique combination of hexafluoroisopropanol (HFIP) employed as solvent and hyperbaric conditions (10−15 kbar) 
allows unprecedented 1,4-addition of poor nucleophiles, such as aromatic amines, onto sluggish (cumbersome) Michael 

acceptors without any promoter or workup. 

 

Ⱥɡɚ-ɪɟɚɤɰɢɹ Ɇɢɯɚɷɥɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɩɨɫɨɛɨɜ 
ɫɨɡɞɚɧɢɹ ɫɜɹɡɢ ɭɝɥɟɪɨɞ-ɚɡɨɬ. Ɉɧɚ ɨɬɤɪɵɜɚɟɬ ɞɨɫɬɭɩ ɤ ɫɢɧɬɟɬɢɱɟɫɤɢ ɢ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢ ɜɚɠɧɵɦ 
ɩɪɨɢɡɜɨɞɧɵɦ ȕ-ɚɦɢɧɨɤɢɫɥɨɬ ɢ ȕ-ɚɦɢɧɨɤɟɬɨɧɨɜ. [1] 

ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢ (100% ɚɬɨɦɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɧɟɞɨɪɨɝɢɟ ɢ 
ɥɟɝɤɨɞɨɫɬɭɩɧɵɟ ɢɫɯɨɞɧɵɟ ɪɟɚɝɟɧɬɵ), ɜɨɜɥɟɱɟɧɢɟ ɜ ɧɟё ɫɥɚɛɵɯ ɧɭɤɥɟɨɮɢɥɨɜ (ɧɚɩɪɢɦɟɪ, 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ) ɞɨ ɫɢɯ ɩɨɪ ɹɜɥɹɟɬɫɹ ɫɟɪɶɟɡɧɨɣ ɩɪɨɛɥɟɦɨɣ. Ɉɛɵɱɧɨ ɪɟɚɤɰɢɢ ɫ ɢɯ ɭɱɚɫɬɢɟɦ 
ɬɪɟɛɭɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɮɢɡɢɱɟɫɤɨɣ (ɧɚɝɪɟɜɚɧɢɟ, MW, ɭɥɶɬɪɚɡɜɭɤ) ɢɥɢ 
ɯɢɦɢɱɟɫɤɨɣ (ɤɚɬɚɥɢɡɚɬɨɪ) ɚɤɬɢɜɚɰɢɢ [2]. 

ɇɟɞɚɜɧɨ ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɧɢɤɚɥɶɧɚɹ ɤɨɦɛɢɧɚɰɢɹ ɫɢɥɶɧɨɝɨ ɩɪɨɬɨɧɨɞɨɧɨɪɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ 
(1,1,1,3,3,3-ɝɟɤɫɚɮɬɨɪɢɡɨɩɪɨɩɚɧɨɥɚ, HFIP) ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɦɨɬɢɪɭɟɬ ɫɨɩɪɹɠёɧɧɨɟ 
ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɢ ɜɬɨɪɢɱɧɵɯ ɚɧɢɥɢɧɨɜ ɤ ȕ - ɡɚɦɟɳёɧɧɵɦ ɚɤɰɟɩɬɨɪɚɦ Ɇɢɯɚɷɥɹ. [3] 

 

 
 

EWG = CN, CO2Me. 
 
ɉɪɢ ɜɜɟɞɟɧɢɢ ɜɬɨɪɨɣ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɨɣ ɝɪɭɩɩɵ ɜ ɚɪɨɦɚɬɢɱɟɫɤɨɟ ɤɨɥɶɰɨ ɚɧɢɥɢɧɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ HFIP ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɬɚɧɨɜɢɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɵɦ, ɢ ɪɟɚɤɰɢɢ ɥɟɝɤɨ ɩɪɨɬɟɤɚɸɬ ɜ 
ɦɟɬɚɧɨɥɟ. 

 

 
X = NH, O; 
EWG = CO2Me. 
 
ɂɡɭɱɟɧɚ ɯɟɦɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɫɨɩɪɹɠёɧɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɧɢɥɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜɬɨɪɢɱɧɭɸ 

ɚɦɢɧɨɝɪɭɩɩɭ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɬɪɭɤɬɭɪɚ ɚɞɞɭɤɬɚ ɩɨɥɧɨɫɬɶɸ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɫɪɟɞɵ: ɜ ɛɨɥɟɟ 
ɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɧɭɤɥɟɨɮɢɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɡɚ ɫɱёɬ ɜɬɨɪɢɱɧɨɣ 
ɚɦɢɧɨɝɪɭɩɩɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɦɟɬɚɧɨɥɟ ɛɨɥɟɟ ɚɤɬɢɜɧɨɣ ɹɜɥɹɟɬɫɹ ɩɟɪɜɢɱɧɚɹ ɚɦɢɧɨɝɪɭɩɩɚ. 
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Ⱥɜɬɨɪ ɛɥɚɝɨɞɚɪɢɬ Ɇɢɧɢɫɬɟɪɫɬɜɨ ɢɧɨɫɬɪɚɧɧɵɯ ɞɟɥ Ɏɪɚɧɰɢɢ ɡɚ ɫɬɢɩɟɧɞɢɸ, ɩɪɢɫɭɠɞɟɧɧɭɸ 
ɩɨ ɩɪɨɝɪɚɦɦɟ «Ɇɟɱɧɢɤɨɜ-2014». 
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3. Fedotova, A. I. Benefits of a dual hemical and physical activation: direct aza-Michael addition of anilines promoted 
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N-(2,2,2-ɌɊɂɏɅɈɊɗɌɂɅ)ȻȿɇɁɈɅɋɍɅɖɎɈɇȺɆɂȾ ȼ ɊȿȺɄɐɂɂ 
ȾȿȽɂȾɊɈɏɅɈɊɂɊɈȼȺɇɂə 

Ʉ.ɉ. Ɏɟɞɨɬɨɜɚ1, ɂ.ȼ. ɇɢɤɢɬɢɧ2, Ƚ.ɇ. ɑɟɪɧɵɲёɜɚ2 
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Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003. ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ʉɚɪɥɚ Ɇɚɪɤɫɚ, 1. 
2 ɂɪɤɭɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ.Ɏɚɜɨɪɫɤɨɝɨ ɋɈ ɊȺɇ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664033, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ɏɚɜɨɪɫɤɨɝɨ, 1. 
e-mail: gelya2010@irioch.irk.ru, ksenya-kreker@ya.ru  

ɋ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɩɨɥɢɯɥɨɪɷɬɢɥɫɭɥɶɮɨɧɚɦɢɞɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɢɧɬɟɪɟɫ ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 
ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɹɞɚ N-(2,2,2-ɬɪɢɯɥɨɪɷɬɢɥ)ɚɪɟɧɫɭɥɶɮɨɧɚɦɢɞɨɜ ɫ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɝɚɥɨɝɟɧɫɨɞɟɪɠɚɳɢɯ 
ɷɥɟɤɬɪɨɮɢɥɨɜ. 

The reaction of N-(2,2,2-trichloroethyl) arenesulfonamides with representatives of halogen-containing electrophiles has 

been studied in this work to develop the preparation methods of new polychloroethylsulfonamides, that are of interest for 

subsequent transformations and required for the study of the biological activity. 

Ƚɚɥɨɝɟɧɜɢɧɢɥɚɦɢɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ ɰɟɧɧɵɯ ɪɟɚɝɟɧɬɨɜ ɧɚ ɩɭɬɢ ɩɨɥɭɱɟɧɢɹ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɚɦɢɞɧɵɯ ɢ ɩɨɥɢɚɦɢɞɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ [1-3]. ȼ ɪɚɦɤɚɯ ɪɚɡɪɚɛɨɬɤɢ ɩɪɟɩɚɪɚɬɢɜɧɨ 
ɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɩɨɥɭɱɟɧɢɸ ɝɚɥɨɝɟɧɢɪɨɜɚɧɧɵɯ N-(ɜɢɧɢɥ)ɫɭɥɶɮɨɧɚɦɢɞɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ 
ɞɥɹ ɢɡɭɱɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɧɚɦɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ N-(2,2,2-ɬɪɢɯɥɨɪɷɬɢɥ)ɛɟɧɡɨɥɫɭɥɶɮɨɧɚɦɢɞɚ (I) ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ [4], ɞɚɥɟɟ 
ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɫɢɧɬɟɡɢɪɨɜɚɧ ɪɹɞ N-ɚɥɤɢɥ-N-(2,2,2-ɬɪɢɯɥɨɪɷɬɢɥ)ɛɟɧɡɨɥɫɭɥɶɮɨɧɚɦɢɞɨɜ (II), 
ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɛɵɥɢ ɢɡɭɱɟɧɵ ɜ ɪɟɚɤɰɢɢ ɞɟɝɢɞɪɨɯɥɨɪɢɪɨɜɚɧɢɹ.  

 

 
 
ȼ ɩɪɨɰɟɫɫɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɭɫɥɨɜɢɣ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɞɟɝɢɞɪɨɯɥɨɪɢɪɨɜɚɧɢɹ 

ɬɪɢɯɥɨɪɷɬɢɥɚɦɢɞɨɜ (II) ɨɩɬɢɦɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɜ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɟ ɫ 
ɢɡɛɵɬɤɨɦ NaOH. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɯɨɞɵ ɰɟɥɟɜɵɯ N-(2,2-ɞɢɯɥɨɪɜɢɧɢɥ)ɛɟɧɡɨɥɫɭɥɶɮɨɧɚɦɢɞɨɜ (III) 
ɞɨɫɬɢɝɚɸɬ 70%.  

ɋɨɫɬɚɜ ɢ ɫɬɪɨɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ (III) ɞɨɤɚɡɚɧɵ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ 
ɷɥɟɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ. Ⱦɢɯɥɨɪɜɢɧɢɥɚɦɢɞɵ (III) ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ ɪɟɚɝɟɧɬɨɜ ɜ 
ɩɪɨɰɟɫɫɚɯ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɜɢɧɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ. 
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ɉɊɂɆȿɇȿɇɂȿ ɆȺɋɋ-ɋɉȿɄɌɊɈɆȿɌɊɂɑȿɋɄɂɏ ɆȿɌɈȾɈȼ MALDI TOF ɂ MS ICP ȼ 
ɂȾȿɇɌɂɎɂɄȺɐɂɂ ɉȿɊȼɈȽɈ ȽȿɌȿɊɈȻɂɆȿɌȺɅɅɂɑȿɋɄɈȽɈ ɋɈȿȾɂɇȿɇɂə ɊɁɗ ɋ 
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ɂɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɛɵɥɨ ɫɢɧɬɟɡɢɪɨɜɚɧɨ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɨ ɩɟɪɜɨɟ ɜ ɦɢɪɟ ɝɟɬɟɪɨɛɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ 

ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (Yb ɢ Eu) ɫ ɪɟɞɨɤɫ-ɚɤɬɢɜɧɵɦ ɥɢɝɚɧɞɨɦ ɞɢɢɦɢɧɨɜɨɝɨ ɪɹɞɚ.  
The world's first heterobimetallic compound of rare earths (Yb and Eu) with a redox-active ligand of diimine series had 

been synthesized and characterized by researchers. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɥɢɲɶ ɞɜɚ ɫɨɨɛɳɟɧɢɹ [1-2] ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɝɟɬɟɪɨɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɋɭɳɟɫɬɜɨɜɚɧɢɟ 
ɞɜɭɯ ɢɨɧɨɜ ɊɁɗ ɜ ɨɞɧɨɣ ɦɨɥɟɤɭɥɟ ɜɟɳɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɣ ɢɧɬɟɪɟɫ - 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ f-f’- ɷɥɟɤɬɪɨɧɨɜ. Ɍɚɤɢɟ ɨɛɴɟɤɬɵ ɨɛɥɚɞɚɸɬ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ 
ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ – ɦɚɝɧɢɬɧɵɦɢ ɢ ɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɜɚɠɧɵɦ ɜ 
ɩɪɢɤɥɚɞɧɨɣ ɷɥɟɤɬɪɨɧɢɤɟ ɢ ɫɨɡɞɚɧɢɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɧɚɧɨ-ɦɚɬɟɪɢɚɥɨɜ. ɋɨɟɞɢɧɟɧɢɟ ɛɵɥɨ 
ɩɨɥɭɱɟɧɨ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɧɚɦɢ ɫɯɟɦɟ (ɋɯɟɦɚ 1).  
 

 
ɋɯɟɦɚ 1. 

 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. Ⱦɟɥɨ ɜ 
ɬɨɦ, ɱɬɨ ɧɨɜɨɟ ɝɟɬɟɪɨɛɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ ɦɨɠɟɬ ɨɛɥɚɞɚɬɶ ɜɫɟɦɢ ɬɟɦɢ ɠɟ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɚɤ ɢ ɮɢɡɢɱɟɫɤɚɹ ɫɦɟɫɶ ɢɫɯɨɞɧɵɯ ɝɨɦɨɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 
ɇɚɦ ɠɟ ɭɞɚɥɨɫɶ ɜɵɞɟɥɢɬɶ ɤɪɢɫɬɚɥɥɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɩɪɨɜɟɫɬɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ 
ɚɧɚɥɢɡ. Ɉɞɧɚɤɨ, ɊɋȺ ɞɥɹ ɫɨɤɪɢɫɬɚɥɥɢɡɚɬɚ ɝɨɦɨɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɚɥ ɛɵ ɬɚɤɭɸ ɠɟ 
ɤɚɪɬɢɧɤɭ. Ɍɨɝɞɚ ɩɨ ɫɩɟɰɢɚɥɶɧɨɣ ɦɟɬɨɞɢɤɟ ɦɵ ɩɪɢɝɨɬɨɜɢɥɢ ɨɛɪɚɡɰɵ ɞɥɹ MS ICP, ɤɨɬɨɪɵɣ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɚɬɨɦɵ Yb ɢ Eu ɧɚɯɨɞɹɬɫɹ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɫɨɟɞɢɧɟɧɢɢ ɜ ɨɬɧɨɲɟɧɢɢ 1:1, ɱɬɨ ɤɨɫɜɟɧɧɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɠɟɥɚɟɦɨɟ ɫɬɪɨɟɧɢɟ. Ɇɵ ɪɟɲɢɥɢ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢɹ MALDI TOF, ɞɥɹ 
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ɷɬɨɝɨ ɧɚ ɫɩɟɰɢɚɥɶɧɭɸ ɩɨɞɥɨɠɤɭ ɜ ɢɧɟɪɬɧɨɦ ɛɨɤɫɟ ɧɚɧɟɫɥɢ ɪɚɫɬɜɨɪ ɝɟɬɟɪɨɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɜ ȾɆɗ, ɩɨɫɥɟ ɢɫɩɚɪɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨɥɭɱɢɥɫɹ ɬɨɧɤɢɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɫɥɨɣ 
ɫɨɟɞɢɧɟɧɢɹ. Ⱥɧɚɥɢɡ MALDI TOF ɡɚɫёɤ ɦɨɥɟɤɭɥɹɪɧɵɣ ɢɨɧ ɝɟɬɟɪɨɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
(Ɋɢɫɭɧɨɤ 1), ɟɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɢɤ 1757.9. ɉɢɤ 1684.4 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɨɧɭ 
ɝɟɬɟɪɨɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɟɡ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ȾɆɗ, ɧɨ ɫ ɞɜɭɦɹ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɧɚ 
ɊɁɗ (ɮɪɚɝɦɟɧɬɚɰɢɹ).  
 

 
Ɋɢɫ. 1.  

 

ɉɪɢɫɭɬɫɬɜɢɟ ɝɨɦɨɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨɥɠɧɨ ɨɬɪɚɠɚɬɶɫɹ «ɫɟɦɟɣɫɬɜɨɦ» ɢɡ ɬɪёɯ 
ɩɢɤɨɜ ɫ ɪɚɡɧɵɦ ɨɬɧɨɲɟɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɤ ɡɚɪɹɞɭ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɞɨɛɧɨɝɨ ɫɟɦɟɣɫɬɜɚ 
ɧɟɬ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɩɨɥɭɱɟɧɢɹ ɧɚɦɢ ɝɟɬɟɪɨɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɚ ɬɚɤɠɟ 
ɩɪɢɦɟɧɢɦɨɫɬɢ ɦɟɬɨɞɚ MALDI TOF ɞɥɹ ɚɧɚɥɢɡɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɊɁɗ.  
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Structural and Photophysical Studies on Geometric (Er2Yb2/Yb2Er2) and Configurational (EuTb3/Eu3Tb) Isomers of 

Heterotetranuclear Lanthanide(III) Complexes / X. Hai-Bing, D. Jian-Guo, Z. Li-Yi, C. Zhong-Ning // Crystal Growth & 
Design. – 2013. – Vol. 2, iss. 2. – P. 849-857. – doi: 10.1021/cg3015546. 

2. First Eu(II)/Ln(III) Mixed Complex with High Oxidative Stability / W. Yongqin, W. Gaoji, W. Kechen // Crystal 
Growth & Design. – 2015. – Vol. 15, iss. 11. – P. 5288-5292. – doi: 10.1021/acs.cgd.5b00804 

 



ȻɒɄɏ – 2017                                    ɋɟɤɰɢɹ 1. Ɉɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

 135 

ɍȾɄ 547.72 

 
ɊȺɁɊȺȻɈɌɄȺ ɆȿɌɈȾȺ ɋɂɇɌȿɁȺ ɈɉɌɂɑȿɋɄɂ ȺɄɌɂȼɇɕɏ ɋȿɊɈɋɈȾȿɊɀȺɓɂɏ 

ɉɊɈɂɁȼɈȾɇɕɏ 2(5H)-ɎɍɊȺɇɈɇȺ 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɬɢɢɥɢɪɨɜɚɧɢɟ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 3,4-ɞɢɝɚɥɨɝɟɧ-5-ɦɟɧɬɢɥɨɤɫɢ-2(5ɇ)-ɮɭɪɚɧɨɧɨɜ ɜ 

ɭɫɥɨɜɢɹɯ ɨɫɧɨɜɧɨɝɨ ɤɚɬɚɥɢɡɚ. ɇɨɜɵɟ ɫɭɥɶɮɨɧɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨɥɭɱɟɧɵ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ 4-ɚɪɢɥɬɢɨɷɮɢɪɵ 
ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɜ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ. ɋ ɩɨɦɨɳɶɸ ɦ-ɯɥɨɪɧɚɞɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜɵɞɟɥɟɧ ɫɭɥɶɮɨɤɫɢɞ ɮɭɪɚɧɨɧɨɜɨɝɨ 
ɪɹɞɚ. Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɦɨɥɟɤɭɥɹɪɧɚɹ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ 
ɧɨɜɵɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɩɪɨɢɡɜɨɞɧɵɯ 2(5ɇ)-ɮɭɪɚɧɨɧɚ. 

In this work a thiilation reaction of optically active 3,4-dihalogen-5-menthyloxy-2(5H)-furanones was carried out under 

base catalysis. Novel sulfonyl derivatives were obtained in the reactions of 4-substituted aryl thioethers with hydrogen 

peroxide in acetic acid. The sulfoxide of the furanone series was isolated with m-chloroperbenzoic acid. The molecular and 

crystal structure of novel sulfur-containing derivatives of 2(5ɇ)-furanone were characterized by single crystal X-ray 

diffraction. 

 
ɋɢɧɬɟɡ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɢ ɫɬɪɟɦɢɬɟɥɶɧɨ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɨɛɥɚɫɬɟɣ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ. ɒɢɪɨɤɚɹ ɩɨɩɭɥɹɪɧɨɫɬɶ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ ɨɩɪɟɞɟɥɹɸɬ ɢɯ 
ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɬɨɥɶɤɨ ɨɞɢɧ 
ɫɬɟɪɟɨɢɡɨɦɟɪ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɬɨɪɨɣ ɢɡɨɦɟɪ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɜɪɟɞɧɵɦ ɞɥɹ 
ɨɪɝɚɧɢɡɦɚ, ɬɚɤ ɢ ɩɪɨɹɜɥɹɬɶ ɤɚɧɰɟɪɨɝɟɧɧɵɟ, ɦɭɬɚɝɟɧɧɵɟ ɫɜɨɣɫɬɜɚ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɫɢɧɬɟɡɭ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɹɬɢɱɥɟɧɧɨɝɨ 
ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɝɟɬɟɪɨɰɢɤɥɚ – 2(5ɇ)-ɮɭɪɚɧɨɧɚ. Ɇɨɥɟɤɭɥɵ, ɢɦɟɸɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 
ɧɟɧɚɫɵɳɟɧɧɵɣ Ȗ-ɥɚɤɬɨɧɧɵɣ ɮɪɚɝɦɟɧɬ, ɜɫɬɪɟɱɚɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɩɪɢɪɨɞɧɵɯ ɨɛɴɟɤɬɚɯ ɢ 
ɩɪɢɜɥɟɤɚɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɫɜɹɡɢ ɫ ɨɛɧɚɪɭɠɟɧɢɟɦ ɩɪɨɬɢɜɨɝɪɢɛɤɨɜɵɯ, 
ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɯ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɫɜɨɣɫɬɜ. 

Ɇɨɥɟɤɭɥɵ 3,4-ɞɢɝɚɥɨɝɟɧ-5-ɝɢɞɪɨɤɫɢ-2(5ɇ)-ɮɭɪɚɧɨɧɨɜ ɫɨɞɟɪɠɚɬ ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɣ ɚɬɨɦ 
ɭɝɥɟɪɨɞɚ ɋ5 ɢ ɦɨɝɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɜɢɞɟ R- ɢɥɢ S-ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ, ɨɞɧɚɤɨ ɦɭɤɨɯɥɨɪɧɚɹ ɢ 
ɦɭɤɨɛɪɨɦɧɚɹ ɤɢɫɥɨɬɵ 1 ɢ 2 ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ ɪɚɰɟɦɚɬɨɜ. Ɉɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɤ ɫɢɧɬɟɡɭ 
ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɨɧɨɜɨɝɨ ɪɹɞɚ ɹɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ ɯɢɪɚɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ 
ɜ ɦɨɥɟɤɭɥɭ 2(5ɇ)-ɮɭɪɚɧɨɧɚ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɪɚɡɞɟɥɟɧɢɟ ɨɛɪɚɡɭɸɳɢɯɫɹ ɞɢɚɫɬɟɪɟɦɟɪɨɜ. ȼ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɯɢɪɚɥɶɧɨɝɨ ɪɟɚɝɟɧɬɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ l–ɦɟɧɬɨɥ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɭɤɨɯɥɨɪɧɨɣ ɢ ɦɭɤɨɛɪɨɦɧɨɣ ɤɢɫɥɨɬ 1 ɢ 2 ɫ ɷɧɚɧɬɢɨɱɢɫɬɵɦ l-ɦɟɧɬɨɥɨɦ 
ɜ ɭɫɥɨɜɢɹɯ ɤɢɫɥɨɬɧɨɝɨ ɤɚɬɚɥɢɡɚ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ 5-ɦɟɧɬɢɥɨɤɫɢ-2(5ɇ)-ɮɭɪɚɧɨɧɵ 3 ɢ 4 [1, 2]. 
ȼ ɨɛɟɢɯ ɪɟɚɤɰɢɹɯ ɫɧɚɱɚɥɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫɦɟɫɶ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ, ɢɡ ɤɨɬɨɪɨɣ ɦɟɬɨɞɨɦ ɞɪɨɛɧɨɣ 
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɝɟɤɫɚɧɚ ɜɵɞɟɥɹɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ S-ɫɬɟɪɟɨɢɡɨɦɟɪɵ 3ɚ ɢ 4ɚ. ȼ ɫɥɭɱɚɟ 
ɮɭɪɚɧɨɧɚ 3 ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɧɨɝɨɤɪɚɬɧɵɯ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɣ ɛɵɥ ɜɵɞɟɥɟɧ ɨɛɪɚɡɟɰ, ɨɛɨɝɚɳɟɧɧɵɣ 
ɜɬɨɪɵɦ ɞɢɚɫɬɟɪɟɨɦɟɪɨɦ 3b ɫ R-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɋ5 (ɫɯɟɦɚ 1). 

Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɢ ɬɢɢɥɢɪɨɜɚɧɢɟ ɜɵɞɟɥɟɧɧɵɯ ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ ɜ ɭɫɥɨɜɢɹɯ ɨɫɧɨɜɧɨɝɨ ɤɚɬɚɥɢɡɚ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɪɟɚɤɰɢɢ ɫ ɬɢɨɥɚɦɢ ɩɪɨɬɟɤɚɸɬ ɫ ɡɚɦɟɳɟɧɢɟɦ ɚɬɨɦɚ 
ɝɚɥɨɝɟɧɚ ɜ 4 ɩɨɥɨɠɟɧɢɢ ɥɚɤɬɨɧɧɨɝɨ ɰɢɤɥɚ [3]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɪɟɚɤɰɢɹɯ ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ 
ɬɢɨɥɚɦɢ ɛɵɥɢ ɜɵɞɟɥɟɧɵ 4-ɡɚɦɟɳɟɧɧɵɟ ɬɢɨɷɮɢɪɵ 5ɚ − 10ɚ ɜ ɜɢɞɟ ɛɟɫɰɜɟɬɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɜɟɳɟɫɬɜ. ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ 5ɚ − 10ɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɦɟɬɨɞɚɦɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɂɄ, 
əɆɊ 1ɇ, 13ɋ{1H}, HSQC. 
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ɋɯɟɦɚ 1 – ɋɢɧɬɟɡ ɧɨɜɵɯ 5-ɦɟɧɬɢɥɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ 2(5ɇ)-ɮɭɪɚɧɨɧɚ. 

 
Ⱦɚɥɟɟ ɬɢɨɷɮɢɪɵ ɮɭɪɚɧɨɧɚ ɛɵɥɢ ɜɨɜɥɟɱɟɧɵ ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɫɭɥɶɮɨɧɢɥɶɧɵɯ ɢ ɫɭɥɶɮɢɧɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ɋɚɧɟɟ ɜ ɧɚɲɟɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɝɪɭɩɩɟ ɛɵɥɢ 
ɪɚɡɪɚɛɨɬɚɧɵ ɫɟɥɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɨɤɢɫɥɟɧɢɹ ɦɨɧɨ- ɢ ɞɢɬɢɨɩɪɨɢɡɜɨɞɧɵɯ 2(5ɇ)-ɮɭɪɚɧɨɧɚ, ɢ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɫɭɥɶɮɨɧɨɜ ɛɵɥ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧ 33% ɪɚɫɬɜɨɪ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɜ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɟ [4]. ɉɪɢ ɞɟɣɫɬɜɢɢ ɢɡɛɵɬɤɚ ɨɤɢɫɥɢɬɟɥɹ ɧɚ ɬɢɨɷɮɢɪɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɭɥɶɮɨɧɵ 11a – 16a 
(ɫɯɟɦɚ 1). Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ 5ɚ + 5b (ɜ ɫɨɨɬɧɨɲɟɧɢɢ 0.3 : 1.0) ɢɡ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɛɵɥ ɜɵɞɟɥɟɧ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɫɬɟɪɟɨɢɡɨɦɟɪ ɫɭɥɶɮɨɧɚ 11b ɫ R-
ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɋ5 ɥɚɤɬɨɧɧɨɝɨ ɰɢɤɥɚ. Ɉɛ ɨɛɪɚɡɨɜɚɧɢɢ ɜ ɞɚɧɧɵɯ ɪɟɚɤɰɢɹɯ 
ɩɪɨɞɭɤɬɨɜ ɫ ɫɭɥɶɮɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɦɵ ɫɭɞɢɥɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɩɨ ɩɨɹɜɥɟɧɢɸ ɜ ɂɄ ɫɩɟɤɬɪɚɯ 
ɧɨɜɵɯ ɭɡɤɢɯ ɢɧɬɟɧɫɢɜɧɵɯ ɩɨɥɨɫ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɜɚɥɟɧɬɧɵɯ ɤɨɥɟɛɚɧɢɣ SO2 ɝɪɭɩɩɵ ɜ ɞɜɭɯ 
ɨɛɥɚɫɬɹɯ, ɩɪɢɫɭɳɢɯ ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵɦ ɢ ɫɢɦɦɟɬɪɢɱɧɵɦ ɤɨɥɟɛɚɧɢɹɦ. ɋɩɟɤɬɪɵ əɆɊ 1ɇ 
ɬɢɨɷɮɢɪɨɜ ɢ ɩɪɨɞɭɤɬɨɜ ɢɯ ɨɤɢɫɥɟɧɢɹ ɫɨɞɟɪɠɚɬ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɢɝɧɚɥɨɜ, ɨɞɧɚɤɨ ɜ ɫɥɭɱɚɟ 
ɫɭɥɶɮɨɧɨɜ ɜɫɟ ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɫɞɜɢɧɭɬɵ ɜ ɨɛɥɚɫɬɶ ɫɥɚɛɵɯ ɩɨɥɟɣ. 

ɉɨɥɭɱɟɧɢɟ ɨɩɬɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɫɭɥɶɮɨɤɫɢɞɚ ɫ ɦɟɧɬɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 
ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɩɨɫɤɨɥɶɤɭ ɧɟɨɛɯɨɞɢɦɨ, ɜɨ-ɩɟɪɜɵɯ, ɢɡɛɟɠɚɬɶ ɱɚɫɬɨ ɧɚɛɥɸɞɚɟɦɨɝɨ 
ɩɟɪɟɨɤɢɫɥɟɧɢɹ ɞɨ ɫɭɥɶɮɨɧɚ, ɚ, ɜɨ-ɜɬɨɪɵɯ, ɩɪɨɜɟɫɬɢ ɪɚɡɞɟɥɟɧɢɟ ɩɨɥɭɱɚɟɦɨɣ ɫɦɟɫɢ 
ɞɢɚɫɬɟɪɟɨɦɟɪɧɵɯ ɫɭɥɶɮɨɤɫɢɞɨɜ. Ɋɚɧɟɟ ɜ ɧɚɲɟɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɝɪɭɩɩɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɫɪɟɞɢ ɛɨɥɶɲɨɝɨ ɤɪɭɝɚ ɨɤɢɫɥɢɬɟɥɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɢɧɬɟɡɟ ɫɭɥɶɮɨɤɫɢɞɨɜ, ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɦ ɪɟɚɝɟɧɬɨɦ ɜ ɫɥɭɱɚɟ 4-ɚɪɢɥɬɢɨɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɨɧɚ ɹɜɥɹɟɬɫɹ ɦ-ɯɥɨɪɧɚɞɛɟɧɡɨɣɧɚɹ 
ɤɢɫɥɨɬɚ [4]. Ɍɚɤ, ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɮɭɪɚɧɨɧɚ 5ɚ ɷɤɜɢɦɨɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɤɢɫɥɢɬɟɥɹ ɜ 
ɞɢɷɬɢɥɨɜɨɦ ɷɮɢɪɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ –12 °ɋ ɛɵɥ ɜɵɞɟɥɟɧ ɫɭɥɶɮɨɤɫɢɞ 17ɚ (ɫɯɟɦɚ 1). 

Ⱦɥɹ ɨɩɬɢɱɟɫɤɢ ɱɢɫɬɵɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɩɪɨɢɡɜɨɞɧɵɯ 2(5ɇ)-ɮɭɪɚɧɨɧɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ 
ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɝɨ ɜɪɚɳɟɧɢɹ ɜ ɯɥɨɪɨɮɨɪɦɟ. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ 
ɨɬɞɟɥɶɧɵɯ 5-ɦɟɧɬɢɥɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɨɧɚ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɦɟɬɨɞɨɦ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ (ɪɢɫ. 1). ȼ ɫɥɭɱɚɟ ɫɭɥɶɮɨɤɫɢɞɚ 17ɚ ɞɥɹ ɊɋȺ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ 
ɨɬɨɛɪɚɧ ɤɪɢɫɬɚɥɥ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɨɜɚɧ ɨɞɧɢɦ ɞɢɚɫɬɟɪɟɨɦɟɪɨɦ ɫ R ɤɨɧɮɢɝɭɪɚɰɢɟɣ 
ɫɭɥɶɮɢɧɢɥɶɧɨɝɨ ɚɬɨɦɚ ɫɟɪɵ. 
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Ɋɢɫ. 1. Ƚɟɨɦɟɬɪɢɹ ɦɨɥɟɤɭɥ ɬɢɨɷɮɢɪɨɜ 5ɚ (ɚ), 6ɚ (ɛ), ɫɭɥɶɮɨɧɨɜ 11ɚ (ɜ),  
12ɚ (ɝ) ɢ ɫɭɥɶɮɨɤɫɢɞɚ 17ɚ (ɞ) ɜ ɤɪɢɫɬɚɥɥɟ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ № 15-14-00046). 
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ɊȺɁɊȺȻɈɌɄȺ ɉɈɊɂɋɌɕɏ ɉɈɅɂɆȿɊɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɇȺ ɈɋɇɈȼȿ 
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Ɋɚɡɪɚɛɨɬɤɚ ɩɨɪɢɫɬɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɧɭɬɪɟɧɧɟɣ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ 

ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ (ȾɐɉȾ) ɩɨ ɦɟɯɚɧɢɡɦɭ ɦɟɬɚɬɟɡɢɫɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ (ROMP) ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɭɬɟɧɢɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

Development Porous Polymers from High Internal Phase Emulsions based on dicyclopentadiene (DCPD) by the 

mechanism of ring opening metathesis polymerization (ROMP) with using ruthenium catalysts. 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ 

ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɩɨɪɢɫɬɵɟ ɩɨɥɢɦɟɪɧɵɟ 
ɦɚɬɟɪɢɚɥɵ. ɉɨɪɢɫɬɵɟ ɩɨɥɢɦɟɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɢɞ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɟ ɪɹɞ 
ɩɪɟɢɦɭɳɟɫɬɜ, ɧɚɩɪɢɦɟɪ, ɩɪɨɫɬɨɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɜɢɞɟ ɩɥɟɧɨɤ ɢ ɫɮɟɪ ɫ ɱɟɬɤɨɣ ɦɨɪɮɨɥɨɝɢɟɣ ɢ 
ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ [1]. ɉɨɪɢɫɬɵɟ ɩɨɥɢɦɟɪɵ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɥɟɝɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɦɟɦɛɪɚɧ, ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɦɟɞɢɰɢɧɟ 
(ɬɤɚɧɟɜɚɹ ɢɧɠɟɧɟɪɢɹ - ɤɚɪɤɚɫɵ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨɜɪɟɠɞɟɧɧɵɯ ɬɤɚɧɟɣ), ɜ ɛɢɨɢɧɠɟɧɟɪɢɢ 
(ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ), ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɢɧɟɪɬɧɚɹ ɩɨɞɥɨɠɤɚ ɧɨɫɢɬɟɥɹ) ɢ 
ɪɚɡɪɚɛɨɬɤɟ «ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ» ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɲɚɛɥɨɧɨɜ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɪɢɫɬɨɣ ɤɟɪɚɦɢɤɢ ɢ ɩɨɪɢɫɬɨɝɨ ɭɝɥɟɪɨɞɚ [2].  

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɨɜɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ 
ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɬɟɯɧɨɥɨɝɢɢ polyHIPE. 

PolyHIPE ɷɬɨ ɩɨɪɢɫɬɵɟ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɢɡ ɷɦɭɥɶɫɢɣ ɫ ɜɵɫɨɤɢɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɜɧɭɬɪɟɧɧɟɣ ɮɚɡɵ (HIPEs). HIPEs ɷɬɨ ɜɹɡɤɢɟ, ɩɚɫɬɨɨɛɪɚɡɧɵɟ ɷɦɭɥɶɫɢɢ, ɜɧɭɬɪɟɧɧɹɹ 
ɮɚɡɚ ɤɨɬɨɪɵɯ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 70% ɨɬ ɨɛɴɟɦɚ ɷɦɭɥɶɫɢɢ [3]. ɉɨɫɥɟɞɭɸɳɚɹ 
ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜɧɟɲɧɟɣ ɮɚɡɵ ɷɦɭɥɶɫɢɢ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɨɞɧɨɪɨɞɧɵɣ ɩɨɪɢɫɬɵɣ ɩɨɥɢɦɟɪɧɵɣ ɦɚɬɟɪɢɚɥ [4]. Ɉɞɧɚɤɨ ɫɟɪɶɟɡɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɛɨɥɶɲɢɧɫɬɜɚ 
ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢɢ polyHIPE, ɹɜɥɹɸɬɫɹ ɢɯ ɧɢɡɤɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ [5]. 

ɗɬɭ ɩɪɨɛɥɟɦɭ ɦɨɠɟɬ ɪɟɲɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ (ȾɐɉȾ) ɜ ɤɚɱɟɫɬɜɟ ɦɨɧɨɦɟɪɚ 
ɞɥɹ ɜɧɟɲɧɟɣ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɵ, ɩɪɨɞɭɤɬɨɦ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ 
ɩɨɥɢɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ (ɉȾɐɉȾ). 

ɉȾɐɉȾ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɜɟɪɞɵɣ, ɠɟɫɬɤɢɣ, ɧɟɝɧɭɳɢɣɫɹ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɣ ɩɨɥɢɦɟɪ, 
ɢɦɟɸɳɢɣ ɜɵɫɨɤɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɭɞɚɪɧɵɦ ɧɚɝɪɭɡɤɚɦ, ɨɛɥɚɞɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɤɨɪɪɨɡɢɢ ɢ 
ɜɵɫɨɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɚɝɪɟɫɫɢɜɧɵɦ ɫɪɟɞɚɦ, ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɬɟɩɥɨɜɨɣ 
ɞɟɮɨɪɦɚɰɢɢ [6].  

ɉɨɥɢɦɟɪɢɡɚɰɢɹ ȾɐɉȾ ɩɪɨɬɟɤɚɟɬ ɩɨ ɦɟɯɚɧɢɡɦɭ ɦɟɬɚɬɟɡɢɫɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɪɚɫɤɪɵɬɢɟɦ 
ɰɢɤɥɚ (ROMP). ɉɪɨɬɟɤɚɧɢɟ ROMP-ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɨɛɭɫɥɨɜɥɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɨɫɧɨɜɟ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɬɚɤɢɯ ɤɚɤ Ɇɨ, Ti, W, Ru [7]. 

Ɉɛɴɟɤɬɨɦ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɷɦɭɥɶɫɢɹ ɫ ɩɪɨɰɟɧɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 
ɜɧɟɲɧɟɣ ɮɚɡɵ ɤ ɜɧɭɬɪɟɧɧɟɣ 20%/80% ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȾɐɉȾ ɜ ɤɚɱɟɫɬɜɟ ɜɧɟɲɧɟɣ ɢ 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɜ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧɧɟɣ ɮɚɡ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɷɦɭɥɶɫɢɢ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɨɬ 1 ɞɨ 30%ɨɛ 
ɫɬɚɛɢɥɢɡɚɬɨɪɚ [8]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɜɨɣ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɩɨɥɭɱɢɬɶ ɭɫɬɨɣɱɢɜɭɸ 
ɷɦɭɥɶɫɢɸ ɫ ɡɚɞɚɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɜɧɟɲɧɟɣ ɮɚɡɵ ɤ ɜɧɭɬɪɟɧɧɟɣ. ȼɫɟ ɷɦɭɥɶɫɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
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ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜ ɡɚɪɚɧɟɟ ɩɪɨɞɭɬɵɣ ɚɡɨɬɨɦ ɪɟɚɤɬɨɪ ɫɦɟɲɟɧɢɹ ɡɚɝɪɭɠɚɥɨɫɶ ɪɚɫɱɟɬɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɦɨɧɨɦɟɪɚ (ȾɐɉȾ), ɩɨɫɥɟ ɱɟɝɨ ɜɜɨɞɢɥɨɫɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɢ 
ɩɨɫɬɟɩɟɧɧɨ, ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɫɦɟɲɟɧɢɢ ɜ ɬɟɱɟɧɢɢ 60 ɦɢɧɭɬ ɞɨɛɚɜɥɹɥɚɫɶ ɜɧɭɬɪɟɧɧɹɹ ɮɚɡɚ. ɉɨ 
ɡɚɜɟɪɲɟɧɢɢ ɜɜɟɞɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɮɚɡɵ, ɝɨɬɨɜɚɹ ɷɦɭɥɶɫɢɹ ɜɵɝɪɭɠɚɥɚɫɶ ɜ ɝɟɪɦɟɬɢɱɧɭɸ, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɞɭɬɭɸ ɚɡɨɬɨɦ ɩɨɫɭɞɭ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ 
ɷɦɭɥɶɫɢɣ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɪɚɜɧɨɣ 5, 10 ɢ 15%ɨɛ. ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɚɬɨɪɚ 
ɷɦɭɥɶɫɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ «Pluronic L81» ɮɢɪɦɵ «Sigma-Aldrich». ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ 
ɜɵɞɟɪɠɢɜɚɥɢ ɞɨ 168 ɱɚɫɨɜ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨ ɢɫɬɟɱɟɧɢɢ 
ɫɪɨɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɚɫɫɥɨɟɧɢɹ ɮɚɡ ɷɦɭɥɶɫɢɢ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ, ɜɜɢɞɭ ɱɟɝɨ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ 
ɞɚɥɶɧɟɣɲɢɟ ɨɩɵɬɵ ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɪɚɜɧɨɣ 5%ɨɛ. 

Ⱦɚɥɶɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɛɵɥɨ ɩɪɨɜɟɞɟɧɢɟ ROMP-ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɭɬɟɧɢɟɜɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɏɨɟɜɟɞɵ-Ƚɪɚɛɛɫɚ ɜɬɨɪɨɝɨ ɩɨɤɨɥɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɩɨɥɭɱɟɧɧɭɸ ɷɦɭɥɶɫɢɸ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɫɦɟɲɟɧɢɢ ɜɜɨɞɢɥɨɫɶ ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɞɨɥɠɚɥɢ 
ɩɟɪɟɦɟɲɢɜɚɬɶ ɫɦɟɫɶ ɜ ɬɟɱɟɧɢɟ 1 ɦɢɧɭɬɵ. Ɉɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɦɨɧɨɦɟɪɚ 
ɫɨɫɬɚɜɥɹɥɨ 1:10000, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɚɥɟɟ, ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜɵɝɪɭɠɚɥɢ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɪɨɞɭɬɵɟ ɚɡɨɬɨɦ ɫɬɟɤɥɹɧɧɵɟ ɮɨɪɦɵ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɢɥɢ ɞɚɥɶɧɟɣɲɭɸ ɩɨɥɢɦɟɪɢɡɚɰɢɸ. 
ɉɨɥɢɦɟɪɢɡɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 180 ɋ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɱɚɫɨɜ.  

ȼɫɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ. 
ɉɨɫɥɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɦɭɥɶɫɢɢ ɨɛɪɚɡɰɵ ɨɬɦɵɜɚɥɢ ɨɬ ɨɫɬɚɬɤɨɜ ɦɨɧɨɦɟɪɚ ɜ ɚɰɟɬɨɧɟ, 

ɥɢɨɮɢɥɢɡɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 12 ɱɚɫɨɜ ɢ ɩɪɨɜɨɞɢɥɢ SEM-ɚɧɚɥɢɡ ɞɥɹ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 
ɩɨɥɭɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɋɟɡɭɥɶɬɚɬɵ SEM-ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬɵ SEM-ɚɧɚɥɢɡɚ.  

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɜɨ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɧɚɛɥɸɞɚɟɬɫɹ 

ɨɞɧɨɪɨɞɧɚɹ ɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɫɟ ɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, 
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ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɬɚɛɢɥɢɡɚɬɨɪɚ, ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɛɟɥɵɣ ɰɜɟɬ ɢ ɨɛɥɚɞɚɸɬ 
ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. 
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ɉɪɟɞɥɨɠɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɬɟɬɪɚɚɦɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɩɪɨɫɬɵɟ ɷɮɢɪɧɵɟ ɫɜɹɡɢ. 

Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɹɞɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ SNAr ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɚɤɬɢɜɚɰɢɹ ɭɥɶɬɪɚɡɜɭɤɨɦ. 
ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɢɬɪɨɝɪɭɩɩ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɨɱɧɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ. 

An effective method for the synthesis of aromatic tetraamines containing ether bonds was proposed. Ultrasound 

activation was used to form the polynuclear structure during the SNAr reaction. The reduction of nitro groups was carried out 

by flow catalytic hydrogenation. 

 

ɉɨɥɢɯɢɧɨɤɫɚɥɢɧɵ (ɉɏ) ɨɞɢɧ ɢɡ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɤɥɚɫɫɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ 
ɩɨɥɢɦɟɪɨɜ, ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ: ɜɵɫɨɤɢɦɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɯɢɦɢɱɟɫɤɢɦ ɪɟɚɝɟɧɬɚɦ ɢ ɬ.ɞ. [1,4]. ɉɨɷɬɨɦɭ ɨɧɢ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɚɛɥɹɰɢɨɧɧɵɯ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɢ 
ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɤɚɧɟɣ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɨɛɦɨɬɨɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɢɡɨɥɹɰɢɢ, ɤɥɟɟɜ ɞɥɹ ɦɟɬɚɥɥɨɜ [2,3]. 

Ɉɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɣ ɪɚɡɜɢɬɢɸ ɪɚɛɨɬ ɩɨ ɫɢɧɬɟɡɭ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɉɏ, 
ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɪɚɡɜɢɬɨɣ ɦɨɧɨɦɟɪɧɨɣ ɛɚɡɵ. ɗɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɬɧɨɫɢɬɫɹ ɤ 
ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɬɟɬɪɚɚɦɢɧɚɦ. ɋɩɨɫɨɛɵ ɫɢɧɬɟɡɚ ɩɨɞɨɛɧɵɯ ɫɬɪɭɤɬɭɪ ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɫɬɚɞɢɣɧɵɦɢ ɢ 
ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦɢ. 

ɉɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɜɦɟɫɬɨ ɨɛɵɱɧɨ 
ɩɪɢɦɟɧɹɟɦɨɝɨ 1-ɯɥɨɪ-4-ɧɢɬɪɨɛɟɧɡɨɥɚ ɟɝɨ ɚɦɢɧɨɩɪɨɢɡɜɨɞɧɨɝɨ - 5-ɯɥɨɪ-2-ɧɢɬɪɨɚɧɢɥɢɧɚ (1a), ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɞɢɣ. ɉɪɟɩɹɬɫɬɜɢɟɦ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɷɬɨɝɨ ɫɭɛɫɬɪɚɬɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɧɢɡɤɚɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ SNAr. 

ɉɨɷɬɨɦɭ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɞɜɭɯɫɬɚɞɢɣɧɵɣ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɜɵɫɨɤɨɱɢɫɬɵɯ 
ɩɨɥɢɹɞɟɪɧɵɯ ɬɟɬɪɚɚɦɢɧɨɜ, ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɩɪɢɦɟɧɟɧɢɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɚɤɬɢɜɚɰɢɢ 
ɪɟɚɤɰɢɢ SNAr. ɉɪɨɰɟɫɫ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɜɚɧɧɟ S 10 H 
Elmasonic (ɱɚɫɬɨɬɚ ɭɥɶɬɪɚɡɜɭɤɚ 37 ɤȽɰ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ: 30-80 ºɋ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ Elma 
Schmidbauer GmbH, Germany) ɩɪɢ 80 ºɋ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ȾɆɋɈ, 
ɞɟɩɪɨɬɨɧɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ – K2CO3. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ȾɆɎȺ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɟ 
ɩɪɢɫɭɬɫɬɜɨɜɚɥɢ ɩɪɨɞɭɤɬɵ ɡɚɦɟɳɟɧɢɹ ɯɥɨɪɚ ɧɚ N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɝɪɭɩɩɭ, ɨɛɪɚɡɭɸɳɭɸɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɨɥɢɡɚ ɪɚɫɬɜɨɪɢɬɟɥɹ. ȼɪɟɦɹ ɪɟɚɤɰɢɢ SNAr ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɷɥɟɤɬɪɨɮɢɥɚ 
ɢ ɛɢɫ-ɮɟɧɨɥɚ ɫɨɫɬɚɜɢɥɨ ɨɬ 5 ɞɨ 120 ɦɢɧ. ɋɨɟɞɢɧɟɧɢɹ 3a-d ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɨɦ 91-97% ɢ ɧɟ 
ɬɪɟɛɨɜɚɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ. 

 
 

R = 1a) H, 1b) CF3; Ar = 2a) , 2b) , 2c)  

 

ɋɯɟɦɚ 1. 

mailto:mouthleg547@gmail.com
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ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɹɞɟɪɧɵɯ ɞɢɚɦɢɧɨɞɢɧɢɬɪɨɫɨɟɞɢɧɟɧɢɣ ɛɵɥɚ ɞɨɤɚɡɚɧɚ ɫ ɩɨɦɨɳɶɸ 
əɆɊ 1ɇ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ɇɚ 
ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧ əɆɊ 1ɇ-ɫɩɟɤɬɪ ɫɨɟɞɢɧɟɧɢɣ 3c ɫ ɨɬɧɟɫɟɧɢɟɦ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ. 
 

 
 

Ɋɢɫ. 1. 1ɇ əɆɊ-ɫɩɟɤɬɪ 2,2-ɛɢɫ[4-(3-ɚɦɢɧɨ-4-ɧɢɬɪɨɮɟɧɨɤɫɢ)ɮɟɧɢɥ]-ɝɟɤɫɚɮɬɨɪɩɪɨɩɚɧɚ (3c)  
(Bruker DRX500, 500 ɆȽɰ, DMSO-d6 303 K) 

 
ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɢɬɪɨɝɪɭɩɩ ɜ ɫɬɪɭɤɬɭɪɚɯ 3a-f ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɭɫɥɨɜɢɹɯ ɝɟɬɟɪɨɝɟɧɧɨɝɨ 

ɤɚɬɚɥɢɡɚ, ɤɨɬɨɪɵɣ ɩɪɨɜɨɞɢɥɢ ɜ ɪɟɚɤɬɨɪɟ ɞɥɹ ɩɪɨɬɨɱɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ H-CUBE Pro. Ⱦɥɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 3a-f ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 10 % Pd/C. Ƚɟɧɟɪɚɰɢɹ 
ɜɨɞɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɥɚ ɜ ɯɨɞɟ ɷɥɟɤɬɪɨɥɢɡɚ ɜɨɞɵ. ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɢ ɜ ɢɡɨɩɪɨɩɢɥɨɜɨɦ ɫɩɢɪɬɟ ɩɪɢ 
60 ºɋ, ɞɚɜɥɟɧɢɢ 20 ɛɚɪ ɫɨ ɫɤɨɪɨɫɬɶɸ ɩɨɬɨɤɚ ɪɚɫɬɜɨɪɚ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɞɢɧɢɬɪɨɞɢɚɦɢɧɚ 1ɦɥ/ɦɢɧ. 
ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɟɚɤɰɢɢ, ɩɨɫɥɟ ɨɬɝɨɧɤɢ ɱɚɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɬɟɬɪɚɚɦɢɧɵ 4a-f ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ 
ɜɵɯɨɞɨɦ 91-96%. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɤɚɤ ɢɡɜɟɫɬɧɵɟ ɬɟɬɪɚɚɦɢɧɨɚɪɟɧɵ, ɬɚɤ ɢ ɧɟ 
ɨɩɢɫɚɧɧɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɨɧɨɦɟɪɵ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɉɏ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
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ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɧɢɬɪɨɜɚɧɢɹ ɞɢɚɥɤɢɥɛɟɧɡɨɥɨɜ ɧɢɬɪɨɧɢɣ ɮɬɨɪɢɞɨɦ, 

ɩɨɥɭɱɚɟɦɵɦ ɢɡ ɧɢɬɪɚɬɨɜ ɢ ɮɬɨɪɢɞɨɜ ɦɟɬɚɥɥɨɜ ɜ ɫɪɟɞɟ ɬɪɢɮɬɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ.  

The study of selectivity on nitration reaction of dialkyl benzenes with nitril fluoride are carry out. Nitril fluoride is 

formed from nitrate and fluoride alkali metals in ambience of trifluoroacetic acid. The collation got result with similar 

literary are compared.  

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɢɧɫɬɜɨ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɩɨɥɭɱɚɸɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 

ɩɨɫɪɟɞɫɬɜɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɰɢɣ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ 
ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɡɚɦɟɳɟɧɢɹ [1]. ȼɟɞɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɪɟɚɝɟɧɬɨɜ ɢ ɪɟɚɤɰɢɨɧɧɵɯ ɫɪɟɞ ɫ ɰɟɥɶɸ 
ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. ȼ ɱɚɫɬɧɨɫɬɢ, ɢɡɜɟɫɬɟɧ ɫɩɨɫɨɛ 
ɧɢɬɪɨɜɚɧɢɹ ɢ ɛɪɨɦɢɪɨɜɚɧɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɝɚɥɨɝɟɧɢɞɚɦɢ ɧɢɬɪɨɧɢɹ, 
ɝɟɧɟɪɢɪɭɟɦɵɦɢ ɢɡ ɧɢɬɪɚɬɚ ɢ ɝɚɥɨɝɟɧɢɞɨɜ ɤɚɥɢɹ [2] ɜ ɫɪɟɞɟ AcOH.  

Ʉ ɪɚɫɬɜɨɪɢɬɟɥɹɦ, ɫɩɨɫɨɛɧɵɦ ɚɤɬɢɜɧɨ ɭɫɤɨɪɹɬɶ ɩɨɥɹɪɧɵɟ ɩɪɨɰɟɫɫɵ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ 
ɡɚɦɟɳɟɧɢɹ (SE2Ar), ɨɬɧɨɫɢɬɫɹ ɬɪɢɮɬɨɪɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ (CF3COOH). ȼ ɫɪɟɞɟ ɷɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɭɤɚɡɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɬɟɤɚɸɬ ɫ ɜɵɫɨɤɢɦɢ ɜɵɯɨɞɚɦɢ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɢɧɬɟɡɭ ɰɟɥɟɜɵɯ 
ɢɡɨɦɟɪɨɜ ɩɪɢ ɧɢɬɪɨɜɚɧɢɢ ɢ ɛɪɨɦɢɪɨɜɚɧɢɢ. Ʉɪɨɦɟ ɬɨɝɨ ɞɚɧɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɢɦɟɸɳɢɣ ɧɢɡɤɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɨɬɨɝɧɚɧ ɨɬ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɢ ɜɨɡɜɪɚɳɟɧ ɜ ɪɚɛɨɱɢɣ 
ɰɢɤɥ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɦɭ ɢɡ ɩɪɢɧɰɢɩɨɜ «ɡɟɥɟɧɨɣ ɯɢɦɢɢ» - ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɣ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɡɚɦɤɧɭɬɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɰɢɤɥɨɜ ɧɚ ɨɫɧɨɜɟ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɯɥɨɪɚ ɢ ɫɩɨɫɨɛɧɵɯ ɤ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɩɭɬɟɦ ɨɬɝɨɧɚ ɢ 
ɜɨɡɜɪɚɳɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɰɢɤɥ. 

ɉɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɧɢɬɪɨɜɚɧɢɹ ɤɫɢɥɨɥɨɜ ɹɜɥɹɟɬɫɹ ɫɦɟɫɶ ɢɡɨɦɟɪɧɵɯ ɞɢɦɟɬɢɥɧɢɬɪɨɛɟɧɡɨɥɨɜ, 
ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɢɡɨɦɟɪɧɵɟ ɤɫɢɥɢɞɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɨɞɭɤɬ ɧɢɬɪɨɜɚɧɢɹ ɨɪɬɨ-ɤɫɢɥɨɥɚ – 
1,2-ɞɢɦɟɬɢɥ-4-ɧɢɬɪɨɛɟɧɡɨɥ ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɦɟɞɢɚɬɨɦ ɜ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ 4-ɚɦɢɧɨ-1,2-
ɞɢɦɟɬɢɥɛɟɧɡɨɥɚ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɨɞɧɨɣ ɢɡ ɫɬɚɞɢɣ ɩɪɢ ɯɢɦɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ ɜɢɬɚɦɢɧɚ ȼ2 
(ɪɢɛɨɮɥɚɜɢɧɚ). 1,2-ɞɢɦɟɬɢɥ-3-ɧɢɬɪɨɛɟɧɡɨɥ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɟɮɟɧɚɦɨɜɨɣ ɤɢɫɥɨɬɵ – 
ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɫ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ ɢ ɠɚɪɨɩɨɧɢɠɚɸɳɢɦ ɞɟɣɫɬɜɢɟɦ. ɉɨɷɬɨɦɭ 
ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɫɢɧɬɟɡ ɨɛɨɢɯ ɢɡɨɦɟɪɨɜ ɩɭɬɟɦ ɧɢɬɪɨɜɚɧɢɹ ɨɪɬɨ–ɤɫɢɥɨɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɫɢɧɬɟɬɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ.  

ɋɦɟɫɶ ɢɡɨɦɟɪɧɵɯ 2,6-ɞɢɦɟɬɢɥ- ɢ 2,4-ɞɢɦɟɬɢɥɧɢɬɪɨɛɟɧɡɨɥɚ ɜɩɨɥɧɟ ɪɚɡɞɟɥɢɦɚ ɪɟɤɬɢɮɢɤɚɰɢɟɣ 
(ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ 225 ɢ 244°ɋ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɚ 
ɪɟɤɬɢɮɢɤɚɰɢɟɣ ɫɦɟɫɶ 1,2-ɞɢɦɟɬɢɥ-3-ɧɢɬɪɨɛɟɧɡɨɥɚ (245 °ɋ) ɢ 1,2-ɞɢɦɟɬɢɥ-4-ɧɢɬɪɨɛɟɧɡɨɥɚ 
(255°ɋ). 

Ɇɟɬɚ-ɤɫɢɥɨɥ ɩɪɢ ɧɢɬɪɨɜɚɧɢɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ ɧɢɬɪɚɬɚɦɢ (ɜ ɱɚɫɬɧɨɫɬɢ, LiNO3) ɜ Ac2O, 
ɤɚɬɚɥɢɡɢɪɭɟɦɨɦ BF3*Et2O ɨɛɪɚɡɭɟɬ ɞɨ 24% 2,6-ɞɢɦɟɬɢɥɧɢɬɪɨɛɟɧɡɨɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɤɚɬɚɥɢɡɟ Yt(OTf)2 ɨɛɪɚɡɭɟɬɫɹ ɬɨɥɶɤɨ 19% ɷɬɨɝɨ ɢɡɨɦɟɪɚ (Tf – 
ɬɪɢɮɬɨɪɦɟɬɚɧɫɭɥɶɮɨɧɚɬ-ɚɧɢɨɧ, ɬɪɢɮɥɚɬ-ɚɧɢɨɧ). Ɍɪɢɮɥɚɬ ɫɤɚɧɞɢɹ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɞɨ 29% ɷɬɨɝɨ ɢɡɨɦɟɪɚ, ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ ɫɢɧɬɟɡɚ ɦɟɩɢɜɚɤɚɢɧɚ [ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɦɟɫɬɧɵɣ 
ɚɧɟɫɬɟɬɢɤ, N-(2,6-ɞɢɦɟɬɢɥɮɟɧɢɥ)-1-ɦɟɬɢɥ-2-ɩɢɩɟɪɢɞɢɧɤɚɪɛɨɤɫɚɦɢɞ].  
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Ɇɟɩɢɜɚɤɚɢɧ Ɇɟɮɟɧɚɦɨɜɚɹ ɤɢɫɥɨɬɚ Ɋɢɛɨɮɥɚɜɢɧ 

 

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ (ɬɚɛɥ. 1), 
ɩɪɢɦɟɧɟɧɢɟ CF3COOH ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɨɞɭɤɬɵ ɧɢɬɪɨɜɚɧɢɹ 
ɢɡɨɦɟɪɧɵɯ ɤɫɢɥɨɥɨɜ ɫ ɜɵɯɨɞɨɦ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɫɯɨɞɧɵɦɢ, ɢɥɢ ɞɚɠɟ ɥɭɱɲɢɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɬɚɤɨɜɵɦɢ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ «ɷɤɡɨɬɢɱɟɫɤɢɯ» ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɬɚɤɢɯ, ɤɚɤ ɬɪɢɮɥɚɬɵ ɥɚɧɬɚɧɢɞɨɜ. 
Ɉɩɵɬ 8 (ɬɚɛɥ. 1) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 1,3-ɞɢɦɟɬɢɥ-2-ɧɢɬɪɨɛɟɧɡɨɥɚ ɦɨɠɟɬ 
ɛɵɬɶ ɭɜɟɥɢɱɟɧɨ ɞɨ 38%, ɱɬɨ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɧɢɬɪɨ-ɦɟɬɚ-ɤɫɢɥɨɥɨɜ ɦɟɬɨɞɨɦ 
ɪɟɤɬɢɮɢɤɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɡɚɦɟɬɧɨɝɨ ɪɚɡɥɢɱɢɹ ɜ ɬɟɦɩɟɪɚɬɭɪɚɯ ɤɢɩɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɟɩɢɜɚɤɚɢɧɚ. 

Ɍɚɛɥɢɰɚ 1 
ɉɨɡɢɰɢɨɧɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ ɧɢɬɪɨɜɚɧɢɹ ɦɟɬɚ-ɤɫɢɥɨɥɚ ɢ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɧɢɬɪɨɜɚɧɢɹ 

№, 
ɢɫɬɨɱɧɢɤ 

ɍɫɥɨɜɢɹ 1,3-Me2-2-NO2Ph 1,3-Me2-4-NO2-Ph ȼɵɯɨɞ 

1 [4] 69% HNO3, La(III)Tf, Tboil 14  86 
22  

(Yt – 85) 

2 [3]  BF3*Et2O/Ac2O/LiNO3/Tboil. 24 76 17 

3 [3] BF3*Et2O/Ac2O/LiNO3/Tboil. 13 87 23 

4 [3] Sc(OTf)3/Ni(NO3)2/Ac2O/MeCN/Tboil 30 70 10 

5 [3] Sc(OTf)3/Mg(NO3)2/Ac2O/MeCN/Tboil 25 75 4 

6 KNO3+KHF2/TFAA/50°C 31.1 68.9 67.9 

7 KNO3+KHF2/TFAA/60°C 19.5 80.5 37.9 

8 KNO3+KHF2/TFAA/70°C 38.1 61.9 48.0 

 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɢɬɪɚɬɨɜ ɢ ɮɬɨɪɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɧɢɬɪɭɸɳɢɯ ɚɝɟɧɬɨɜ 

ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ 
ɜɵɯɨɞɚ ɫɬɟɪɢɱɟɫɤɢ ɡɚɬɪɭɞɧɟɧɧɵɯ ɨɪɬɨ-ɢɡɨɦɟɪɨɜ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɥɵɦ ɪɚɡɦɟɪɨɦ ɪɟɚɝɟɧɬɚ 
(ɮɬɨɪɢɞɚ ɧɢɬɪɨɧɢɹ). ɂɫɫɥɟɞɭɟɦɵɟ ɪɟɚɝɟɧɬɵ (ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɧɢɬɪɨɧɢɣ – ɮɬɨɪɢɞ) 
ɫɭщɟɫɬɜɟɧɧɨ ɞɨɫɬɭɩɧɟɟ ɢ ɷɮɮɟɤɬɢɜɧɟɟ ɷɤɡɨɬɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɢ ɧɟ ɫɨɡɞɚɸɬ 
ɫɟɪɧɨɤɢɫɥɨɬɧɵɯ ɫɬɨɤɨɜ. 

ɉɨɫɤɨɥɶɤɭ ɪɚɛɨɱɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɧɬɟɪɜɚɥɟ 40 – 60 °ɋ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɞɭɤɬɨɜ 
ɨɤɢɫɥɟɧɢɹ, ɱɬɨ ɡɚɝɪɹɡɧɹɟɬ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɧɢɠɚɹ ɜɵɯɨɞ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, 
ɫɧɢɠɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɱɢɫɬɵɟ ɩɪɨɞɭɤɬɵ ɧɢɬɪɨɜɚɧɢɹ ɫ 
ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɤɚɤ ɨɛɳɟɝɨ ɜɵɯɨɞɚ ɧɢɬɪɨ-ɨɪɬɨ-ɤɫɢɥɨɥɨɜ, ɬɚɤ ɢ ɫɬɟɪɢɱɟɫɤɢ 
ɡɚɬɪɭɞɧɟɧɧɨɝɨ 1,2-ɞɢɦɟɬɢɥ-3-ɧɢɬɪɨɛɟɧɡɨɥɚ (ɬɚɛɥ. 2, 3). Ɍɚɤɨɟ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɷɬɨɝɨ ɢɡɨɦɟɪɚ 
ɜ ɫɦɟɫɢ ɧɢɬɪɨɩɪɨɞɭɤɬɨɜ ɩɪɢ ɧɢɬɪɨɜɚɧɢɢ ɨɪɬɨ-ɤɫɢɥɨɥɚ ɪɚɧɟɟ ɧɟ ɞɨɫɬɢɝɚɥɨɫɶ ɧɢ ɜ ɨɞɧɨɣ ɫɪɟɞɟ [5, 
6]. 

Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɨɫɬɢɝɧɭɬɵ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɛɪɨɦɢɪɨɜɚɧɢɹ ɦɨɧɨ- ɢ 
ɞɢɚɥɤɢɥɛɟɧɡɨɥɨɜ ɜ ɭɤɚɡɚɧɧɨɣ ɫɪɟɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɪɟɚɝɟɧɬɚ ɩɚɪɵ KBr – KNO3. ɉɪɢ 
ɷɬɨɦ ɢɡ ɨɪɬɨ-ɤɫɢɥɨɥɚ ɩɨɥɭɱɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 4-ɛɪɨɦ-1,2-ɞɢɦɟɬɢɥɛɟɧɡɨɥ (ɩɪɟɤɭɪɫɨɪ ɫɢɧɬɟɡɚ 
ɪɢɛɨɮɥɚɜɢɧɚ) ɢ 3-ɛɪɨɦ-1,2-ɞɢɦɟɬɢɥɛɟɧɡɨɥ ɜ ɫɨɩɨɫɬɚɜɢɦɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. 
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Ɍɚɛɥɢɰɚ 2  
ȼɵɯɨɞ ɢ ɢɡɨɦɟɪɧɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɧɢɬɪɨɜɚɧɢɹ ɨɪɬɨ- ɢ ɦɟɬɚ-ɤɫɢɥɨɥɚ NO2F ɜ ɫɪɟɞɟ CF3COOH  

Ɍ, 0ɋ ɋɭɛɫɬɪɚɬ 
ɂɡɨɦɟɪɧɵɣ ɫɨɫɬɚɜ, % 

ηɧɢɬɪ.,% 
3-NO2 (1,3,-Me,2-NO2-) 4-NO2 (1,3-Me2,4-NO2-) 

50 

Ɉɪɬɨ-ɤɫɢɥɨɥ 

49.1 50.9 32.6 

60 51.8 48.2 18.8 

70 47.1 52.9 30.8 

50 

Ɇɟɬɚ-ɤɫɢɥɨɥ 

31.1 68.9 68.0 

60 19.5 80.5 37.9 

70 38.1 61.9 47.9 

 
Ɍɚɛɥɢɰɚ 3 

ɇɢɬɪɨɜɚɧɢɟ ɨɪɬɨ-ɤɫɢɥɨɥɚ ɧɢɬɪɚɬɨɦ ɤɚɥɢɹ ɢ ɛɢɮɬɨɪɢɞɨɦ ɤɚɥɢɹ ɜ ɫɪɟɞɟ CF3COOH 

ȼɪɟɦɹ, 
ɦɢɧ 

KHF2:KNO3, 
ɦɨɥɶ/ɦɨɥɶ 

t,C 
ɂɡɨɦɟɪɧɵɣ ɫɨɫɬɚɜ ɧɢɬɪɨɤɫɢɥɨɥɨɜ, % ɨɬ ɫɭɦɦɵ ȼɵɯɨɞ 

ɧɢɬɪɨɤɫɢɥɨɥɨɜ, 
% ɨɬ ɬɟɨɪ. 1,2-Me2,3-NO2-ɛɟɧɡɨɥ  1,2-Me2-4-NO2-ɛɟɧɡɨɥ  

20 1;1 20,9 52,5 47,5 18,2 

40 1;1 20,9 59,6 40,4 27,2 

60 1;1 20,9 56,3 43,7 34,1 

ɋɪɟɞɧɟɟ   56.1 43.9  

20 1;0.8 25 61,4 38,6 30,7 

40 1;0.8 25 62,3 37,7 45,1 

60 1;0.8 25 58,5 41,5 62,3 

ɋɪɟɞɧɟɟ   60.7 39.3  

 
Ⱥɧɚɥɢɡ ɢɡɨɦɟɪɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɜɵɯɨɞɚ ɧɢɬɪɨɩɪɨɞɭɤɬɨɜ ɩɪɨɜɟɞɟɧ ɦɟɬɨɞɨɦ Ƚɀɏ. ɉɪɢɛɨɪ ɅɏɆ-

80, ɦɨɞɟɥɶ 6, ɤɨɥɨɧɤɚ 3000ɯ3 ɦɦ, ɧɟɩɨɞɜɢɠɧɚɹ ɠɢɞɤɚɹ ɮɚɡɚ ɩɨɥɢɧɢɬɪɢɥɫɢɨɤɫɚɧ ɏȿ-60, 5% ɧɚ 
ɯɟɡɚɫɨɪɛɟ N-AW-HMDS 0.2 – 0.25 ɦɦ, ɝɚɡ-ɧɨɫɢɬɟɥɶ ɜɨɞɨɪɨɞ, 30 ɦɥ/ɦɢɧ. Ⱦɟɬɟɤɬɨɪ ɢɨɧɢɡɚɰɢɨɧɧɨ-
ɩɥɚɦɟɧɧɵɣ, ɩɢɬɚɧɢɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɥɚɦɟɧɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜɨɡɞɭɯɨɦ, 300 ɦɥ,/ɦɢɧ. 
ɂɡɨɦɟɪɧɵɣ ɫɨɫɬɚɜ ɨɩɪɟɞɟɥɟɧ ɦɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɚɥɢɡɚɰɢɢ, ɚ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɧɢɬɪɨɜɚɧɢɹ 
– ɦɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ (4-ɧɢɬɪɨɬɨɥɭɨɥ) [6]. ɉɨɪɹɞɨɤ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɧɢɬɪɨɜɚɧɢɹ 
ɨɩɪɟɞɟɥɟɧ ɩɨ ɱɢɫɬɵɦ ɤɨɦɩɨɧɟɧɬɚɦ. 
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ɍȾɄ 547.85:543.42 
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ɂɡɭɱɟɧɵ ɬɚɭɬɨɦɟɪɧɵɟ ɩɪɟɜɪɚɳɟɧɢɣ 3-ɩɢɪɚɡɨɥɢɧɢɥɤɭɦɚɪɢɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞɚ (ȾɆɎȺ) ɫ 

ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɵɯ ɫɩɟɤɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ (ɗɋɉ) ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɤɫɚɯɥɨɪɷɬɚɧɚ ɢ ɢɯ ɢɡɦɟɧɟɧɢɟ ɩɪɢ 
ɨɛɥɭɱɟɧɢɢ ɜ ɨɛɥɚɫɬɢ 380-465 ɧɦ. 

Tautomeric transformations of 3-pyrazolinylcoumarins in a solution of dimethylformamide (DMF) using electronic 

absorption spectra (EAS) of compounds in the presence of hexachloroethane and their variation upon irradiation in the 380-

465 nm region are studied. 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɟɝɢɫɬɪɢɪɭɸɳɢɯ ɫɪɟɞ ɦɧɨɝɨɫɥɨɣɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɞɢɫɤɨɜ 

ɚɪɯɢɜɧɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɩɨɢɫɤ ɧɨɜɵɯ ɮɨɬɨɝɟɧɟɪɚɬɨɪɨɜ ɤɢɫɥɨɬ, ɫɩɨɫɨɛɧɵɯ 
ɚɤɬɢɜɢɪɨɜɚɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɩɪɟɤɭɪɫɨɪɨɜ ɞɥɢɧɧɨɜɨɥɧɨɜɵɦ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɦɟɧɟɟ 
ɞɟɫɬɪɭɤɬɢɜɧɵɦ ɢɡɥɭɱɟɧɢɟɦ. ȼ ɤɚɱɟɫɬɜɟ ɮɨɬɨɝɟɧɟɪɚɬɨɪɨɜ ɤɢɫɥɨɬ ɩɪɢɦɟɧɹɸɬ 
ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɢ ɬɟɪɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɨɞɜɟɪɝɚɸɳɢɟɫɹ ɮɨɬɨɯɢɦɢɱɟɫɤɨɦɭ 
ɩɪɟɜɪɚɳɟɧɢɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɢɫɥɨɬɵ ɩɨɫɥɟ ɜɨɡɛɭɠɞɟɧɢɹ ɫɜɟɬɨɦ ɩɨɞɯɨɞɹɳɟɣ ɞɥɢɧɵ ɜɨɥɧɵ. 
ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ ɫɢɫɬɟɦɚɯ ɚɪɯɢɜɧɨɣ ɡɚɩɢɫɢ ɢɧɮɨɪɦɚɰɢɢ ɩɪɢɦɟɧɹɸɬ ɫɥɟɞɭɸɳɢɟ 
ɮɨɬɨɝɟɧɟɪɚɬɨɪɵ ɤɢɫɥɨɬ: ɬɪɢɚɪɢɥɫɭɥɶɮɨɧɢɟɜɵɟ ɢ ɬɪɢɚɪɢɥɣɨɞɨɧɨɜɵɟ ɫɨɥɢ ɧɟɤɨɬɨɪɵɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ, ɩɪɨɢɡɜɨɞɧɵɟ ɫɭɥɶɮɨɤɢɫɥɨɬ, ɚ ɬɚɤɠɟ ɧɢɬɪɨɛɟɧɡɚɥɶɞɟɝɢɞɵ 
ɢ ɧɢɬɪɨɧɚɮɬɚɥɶɞɟɝɢɞɵ [1]. 

Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɨɥɶ ɮɨɬɨɝɟɧɟɪɚɬɨɪɨɜ ɤɢɫɥɨɬ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶ 
ɚɪɢɥ(ɝɟɬɚɪɢɥ)ɩɢɪɚɡɨɥɢɧɵ, ɧɚɩɪɢɦɟɪ, 1,5-ɞɢɚɪɢɥ-(4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧ-3-ɢɥ)ɩɢɪɚɡɨɥɢɧɵ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɫɭɛɫɬɪɚɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɬɪɢɝɚɥɨɝɟɧɦɟɬɢɥɶɧɵɟ ɮɪɚɝɦɟɧɬɵ [2]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɞɥɹ 
ɢɡɭɱɟɧɢɹ ɮɨɬɨɝɟɧɟɪɚɰɢɢ ɤɢɫɥɨɬɧɨɫɬɢ 1,5-ɞɢɚɪɢɥ-(4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧ-3-ɢɥ)ɩɢɪɚɡɨɥɢɧɨɜ ɛɵɥɢ 
ɡɚɩɢɫɚɧɵ ɢɯ ɗɋɉ ɜ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ 
ɩɪɟɤɭɪɫɨɪɚ (ɥɚɤɬɨɧɚ ɪɨɞɚɦɢɧɚ Ȼ) ɢ ɝɟɤɫɚɯɥɨɪɷɬɚɧɚ. ɇɚɢɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɗɋɉ ɧɚɛɥɸɞɚɥɢɫɶ 
ɜ ȾɆɎȺ. Ɍɚɤ, ɧɚɦɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ȾɆɎȺ ɦɚɤɫɢɦɭɦ ɩɨɝɥɨɳɟɧɢɹ ɪɚɫɬɜɨɪɚ 1-ɮɟɧɢɥ-5-
(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-(4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧ-3-ɢɥ)ɩɢɪɚɡɨɥɢɧɚ ɧɚɯɨɞɢɬɫɹ ɩɪɢ 380 ɧɦ ɢ ɩɪɢ ɨɛɥɭɱɟɧɢɢ 
ɫɪɚɡɭ ɫɞɜɢɝɚɟɬɫɹ ɜ ɛɨɥɟɟ ɞɥɢɧɧɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ ɞɨ 420 ɧɦ (ɪɢɫ. 1).  

 
Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ  

1-ɮɟɧɢɥ-5-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-(4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧ-3-ɢɥ)ɩɢɪɚɡɨɥɢɧɚ ɞɨ (1) ɢ ɩɨɫɥɟ (2-9)  
ɨɛɥɭɱɟɧɢɹ ɪɚɫɬɜɨɪɚ ɜ ȾɆɎȺ ɫ ɥɚɤɬɨɧɨɦ ɪɨɞɚɦɢɧɚ Ȼ ɢ ɝɟɤɫɚɯɥɨɪɷɬɚɧɨɦ  

 
Ɇɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɬɢ ɫɩɟɤɬɪɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɮɨɬɨɩɪɟɜɪɚɳɟɧɢɹ 

ɨɛɭɫɥɨɜɥɟɧɵ ɬɚɭɬɨɦɟɪɧɵɦɢ ɩɪɟɜɪɚɳɟɧɢɹɦɢ 1-ɮɟɧɢɥ-5-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-(4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧ-3-
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ɢɥ)ɩɢɪɚɡɨɥɢɧɚ. ɉɪɢ ɷɬɨɦ ɤɟɬɨ-ɮɨɪɦɚ ɮɨɬɨɞɟɝɢɞɪɢɪɨɜɚɧɢɸ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ; ɩɪɢ ɨɛɥɭɱɟɧɢɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɬɚɭɬɨɦɟɪɧɵɣ ɩɟɪɟɯɨɞ ɩɢɪɚɡɨɥɢɧɚ ɢɡ ɤɟɬɨ-ɮɨɪɦɵ 1 ɜ ɝɢɞɪɨɤɫɢ-ɮɨɪɦɭ 2, ɤɨɬɨɪɚɹ ɢ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɮɨɬɨɞɟɝɢɞɪɢɪɨɜɚɧɢɸ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɨɛɥɭɱɟɧɢɢ (ɪɢɫ. 2) [3]: 

O O

NHNO

O

O O

NNOH

O

1 2  
Ɋɢɫ. 2. Ʉɟɬɨ-ɟɧɨɥɶɧɚɹ ɬɚɭɬɨɦɟɪɢɡɚɰɢɹ 1-ɮɟɧɢɥ-5-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-(4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧ-3-ɢɥ)ɩɢɪɚɡɨɥɢɧɚ  

 

Ʉɚɤ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɢɬɟɥɹ, 3-ɩɢɪɚɡɨɥɢɧɢɥɤɭɦɚɪɢɧɵ, ɧɟ 
ɫɨɞɟɪɠɚɳɢɟ ɝɢɞɪɨɤɫɢɝɪɭɩɩɭ ɜ ɩɨɥɨɠɟɧɢɢ 4 ɮɪɚɝɦɟɧɬɚ ɤɭɦɚɪɢɧɚ, ɧɟ ɫɤɥɨɧɧɵ ɤ ɩɨɞɨɛɧɵɦ 
ɬɚɭɬɨɦɟɪɧɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ. Ɉɬɫɭɬɫɬɜɢɟ ɬɚɭɬɨɦɟɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 
ɞɚɧɧɵɦɢ ɗɋɉ ɪɚɫɬɜɨɪɚ 1-ɮɟɧɢɥ-5-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-(ɤɭɦɚɪɢɧ-3-ɢɥ)ɩɢɪɚɡɨɥɢɧɚ ɜ ȾɆɎȺ ɩɪɢ 
ɨɛɥɭɱɟɧɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɤɫɚɯɥɨɪɷɬɚɧɚ ɢ ɥɚɤɬɨɧɚ ɪɨɞɚɦɢɧɚ Ȼ. Ⱦɥɢɧɧɨɜɨɥɧɨɜɵɣ ɦɚɤɫɢɦɭɦ 
ɩɨɝɥɨɳɟɧɢɹ ɷɬɨɝɨ ɩɢɪɚɡɨɥɢɧɚ ɜ ȾɆɎȺ ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɥɚɫɬɢ 442 ɧɦ, ɢ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɟɝɨ 
ɩɨɥɨɠɟɧɢɟ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɭɦ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 560 ɧɦ, ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɪɨɞɚɦɢɧɭ 
Ȼ, ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɚɫɤɪɵɬɢɢ ɟɝɨ ɥɚɤɬɨɧɧɨɝɨ ɰɢɤɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬɵ, 
ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɩɢɪɚɡɨɥɢɧɚ ɫ ɝɟɤɫɚɯɥɨɪɷɬɚɧɨɦ ɜ ɪɚɫɬɜɨɪɟ ȾɆɎȺ (ɪɢɫ. 3). 

 
Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ 1-ɮɟɧɢɥ-5-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-(ɤɭɦɚɪɢɧ-3-ɢɥ)ɩɢɪɚɡɨɥɢɧɚ ɞɨ (1) ɢ 

ɩɨɫɥɟ (2-7) ɨɛɥɭɱɟɧɢɹ ɪɚɫɬɜɨɪɚ ɜ ȾɆɎȺ ɫ ɥɚɤɬɨɧɨɦ ɪɨɞɚɦɢɧɚ Ȼ ɢ ɝɟɤɫɚɯɥɨɪɷɬɚɧɨɦ  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 3-ɩɢɪɚɡɨɥɢɧɢɥɤɭɦɚɪɢɧɵ, ɧɟ ɫɩɨɫɨɛɧɵɟ ɤ ɬɚɭɬɨɦɟɪɧɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ, 

ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɮɨɬɨɝɟɧɟɪɚɬɨɪɚɦɢ ɤɢɫɥɨɬɧɨɫɬɢ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɢɦɟɧɹɟɦɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ.  
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ, ɩɪɨɟɤɬ № 14-03-00564. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. ɇɨɜɵɟ ɪɟɚɤɰɢɢ, ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɦɚɬɟɪɢɚɥɵ ɜ ɪɹɞɭ ɤɭɦɚɪɢɧɚ ɢ ɟɝɨ ɚɧɚɥɨɝɨɜ / ȼ.Ɏ. Ɍɪɚɜɟɧɶ, 
Ⱥ.ȼ. Ɇɚɧɚɟɜ, Ⱥ.ɘ. Ȼɨɱɤɨɜ, Ɍ.Ⱥ. ɑɢɛɢɫɨɜɚ, ɂ.ȼ. ɂɜɚɧɨɜ // ɂɡɜɟɫɬɢɹ Ⱥɇ. ɋɟɪɢɹ ɯɢɦɢɱɟɫɤɚɹ. – 2012. – №7. – ɋ. 1327-
1347. 

2. Aryl(hetaryl)pyrazolines as new photoacid generators for optical information recording / V.F. Traven, I.V. Ivanov, 
S.M. Dolotov, O.I. Kobeleva, T.M. Valova, V.A. Barachevsky // Journal of Photochemistry and Photobiology A: Chemistry. 
– 2014. – Vol. 295. – P. 34-39. – doi: 10.1016/j.jphotochem.2014.08.016. 

3. Ⱥɤɬɢɜɚɰɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɥɚɤɬɨɧɧɵɯ ɮɨɪɦ ɪɨɞɚɦɢɧɨɜɵɯ ɤɪɚɫɢɬɟɥɟɣ ɮɨɬɨɞɟɝɢɞɪɢɪɨɜɚɧɢɟɦ 
ɚɪɢɥ(ɝɟɬɚɪɢɥ)ɩɢɪɚɡɨɥɢɧɨɜ / ȼ.Ɏ. Ɍɪɚɜɟɧɶ, ɋ.Ɇ. Ⱦɨɥɨɬɨɜ, ɂ.ȼ. ɂɜɚɧɨɜ // ɂɡɜɟɫɬɢɹ Ⱥɇ. ɋɟɪɢɹ ɯɢɦɢɱɟɫɤɚɹ. – 2016. – 
№3. – ɋ. 735-740. 
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ɍȾɄ 547.823 

 

ȾɂɐɂȺɇɈȼɂɇɂɅɆɈɑȿȼɂɇȺ ȼ ɋɂɇɌȿɁȿ ɎɈɋɎɈɊɂɅɂɊɈȼȺɇɇɕɏ ɉɂɊɂȾɈɇɈȼ 

 

Ɉ.ȼ. ɑɟɪɧɨɜɚ, Ⱥ.ɇ. ȼɚɫɢɥɶɟɜ, Ⱥ.ɇ. Ʌɵɳɢɤɨɜ, Ɉ.ȿ. ɇɚɫɚɤɢɧ 
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Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɑɟɛɨɤɫɚɪɵ, 428015, Ɇɨɫɤɨɜɫɤɢɣ ɩɪ. 15. 

e-mail: polycyan@mail.ru  

 
Ⱦɢɰɢɚɧɨɜɢɧɢɥɦɨɱɟɜɢɧɚ ɜɫɬɭɩɚɟɬ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɞɢɷɬɢɥɮɨɫɮɨɧɚɰɟɬɚɦɢɞɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɧɨɝɨ ɩɢɪɢɞɨɧɚ ɫ ɨɪɬɨ-ɟɧɚɦɢɧɨɧɢɬɪɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɜ ɭɫɥɨɜɢɹɯ ɦɢɤɪɨɜɨɥɧɨɜɨɣ ɚɤɬɢɜɚɰɢɢ. 
Dicyanovinylurea is reacted with diethylphosphonacetamide to form phosphorylated pyridone with an ortho-

enaminenitrile fragment under microwave activation conditions. 

 
ɉɨɢɫɤ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɮɚɪɦɚɤɨɮɨɪɧɵɦɢ ɝɪɭɩɩɚɦɢ 

ɹɜɥɹɟɬɫɹ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ 
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. Ɉɫɨɛɨɟ ɦɟɫɬɨ ɜ ɷɬɨɦ ɡɚɧɢɦɚɸɬ ɩɪɨɢɡɜɨɞɧɵɟ ɩɢɪɢɞɢɧɚ, ɩɨɥɭɱɟɧɧɵɟ 
ɦɚɥɨɫɬɚɞɢɣɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɩɪɨɹɜɥɹɸɳɢɟ ɜɵɫɨɤɭɸ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ. ɇɟɫɨɦɧɟɧɧɵɦ 
ɭɫɥɨɜɢɟɦ ɞɥɹ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɩɭɬɟɦ 
ɜɜɟɞɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɭ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɭɜɟɥɢɱɢɜɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɧɢɤɚɬɶ ɱɟɪɟɡ 
ɦɟɦɛɪɚɧɵ ɤɥɟɬɨɤ. ɗɬɢɦ ɫɜɨɣɫɬɜɨɦ ɨɛɥɚɞɚɸɬ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɧɵɟ ɝɟɬɟɪɨɰɢɤɥɵ. 

 
 
ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɷɬɨɣ ɬɟɦɵ ɧɚɦɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɪɟɚɤɰɢɹ ɦɟɠɞɭ ɞɢɰɢɚɧɨɜɢɧɢɥɦɨɱɟɜɢɧɨɣ 1 ɢ 

ɞɢɷɬɢɥɮɨɫɮɨɧɚɰɟɬɚɦɢɞɨɦ 2 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɰɟɬɚɬɚ ɚɦɦɨɧɢɹ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɢɷɬɢɥ 
(6-ɢɦɢɧɨ-5-ɰɢɚɧɨ-2-ɨɤɫɨ-4-ɭɪɟɢɞɨ-ɩɢɪɢɞɢɧ-3-ɢɥ)ɮɨɫɮɨɧɚɬɚ 3. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɵɱɧɚɹ 
ɬɟɪɦɢɱɟɫɤɚɹ ɚɤɬɢɜɚɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɫɦɨɥɟɧɢɸ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɨɛɥɭɱɟɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɩɢɪɢɞɨɧɚ 3 ɫ ɜɵɫɨɤɢɦ 
ɜɵɯɨɞɨɦ. ɇɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɝɪɭɩɩ, ɚ ɬɚɤɠɟ ɢɯ 
ɪɚɡɥɢɱɧɵɯ ɤɨɦɛɢɧɚɰɢɣ, ɬɚɤɢɯ ɤɚɤ, ɨɪɬɨ-ɟɧɚɦɢɧɨɧɢɬɪɢɥɶɧɵɣ, ɢɦɢɞɨɥɶɧɵɣ, ɚɦɢɞɢɧɧɵɣ, 
ɭɪɟɢɞɨɧɢɬɪɢɥɶɧɵɣ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɜɩɨɫɥɟɞɫɬɜɢɢ ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ 
ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ, ɩɪɨɹɜɥɹɸɳɢɯ ɜɵɫɨɤɭɸ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ. 
ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɝɟɬɟɪɨɰɢɤɥɚ ɩɪɟɞɥɨɠɟɧɚ ɢɫɯɨɞɹ ɢɡ ɂɄ-ɫɩɟɤɬɪɨɜ ɢ ɞɚɧɧɵɯ ɯɪɨɦɚɬɨɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 
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ɋɂɇɌȿɁ ɂ ɋɌɊɍɄɌɍɊȺ ɇɈȼɕɏ 2,6-ȾɂɁȺɆȿɓȿɇɇɕɏ ɉɊɈɂɁȼɈȾɇɕɏ  

1,5-ȾɂȺɁȺɐɂɄɅɈɈɄɌȺɇȺ 
 
Ⱦ.Ɋ. ɑɭɥɚɤɨɜɚ1, ɂ.ɋ. ɋɦɢɪɧɨɜ1, Ⱥ.Ɋ. ɉɪɚɞɢɩɬɚ2, Ʌ.Ɂ. Ʌɚɬɵɩɨɜɚ1, Ʉ.ɋ. ɍɫɚɱёɜ3, ɂ.Ⱥ. Ɇɢɯɚɣɥɨɜɚ1, 
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1 Ʌɚɛɨɪɚɬɨɪɢɹ ɛɢɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɯɢɦɢɢ, ɏɢɦɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. Ⱥ. Ɇ. Ȼɭɬɥɟɪɨɜɚ,  

Ʉɚɡɚɧɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 420008, ɝ. Ʉɚɡɚɧɶ, ɭɥ. Ʉɪɟɦɥɟɜɫɤɚɹ, 18. 
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RIKEN, əɩɨɧɢɹ, 351-0198, ɋɚɣɬɚɦɚ, ɝ. ȼɚɤɨ, ɏɢɪɨɫɚɜɚ, 2-1. 
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e-mail: diliara.22@yandex.ru 

 
ȼɵɹɜɥɟɧɵ ɧɨɜɵɟ ɚɫɩɟɤɬɵ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ N-ɚɥɤɢɥ ɧɟɧɚɫɵɳɟɧɧɵɯ ɢɦɢɧɨɜ – ɩɪɨɞɭɤɬɨɜ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɤɪɨɥɟɢɧɚ ɢ ɯɢɪɚɥɶɧɵɯ ɚɦɢɧɨɫɩɢɪɬɨɜ, ɨɛɪɚɡɭɸɳɢɯ 1,5-ɞɢɚɡɚɰɢɤɥɨɨɤɬɚɧɵ ɜ ɪɟɚɤɰɢɢ [4+4]-

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɛɵɥɢ ɭɫɩɟɲɧɨ ɩɪɟɜɪɚɳɟɧɵ ɜ 2,6-ɞɢɡɚɦɟɳɟɧɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 1,5-

ɞɢɚɡɚɰɢɤɥɨɨɤɬɚɧɚ, ɤɨɬɨɪɵɟ ɬɪɭɞɧɨ ɩɨɥɭɱɢɬɶ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. 
We described the novel reactivity of N-alkyl unsaturated imines derived from acrolein and chiral aminoalcohols to 

produce 1,5-diazacyclooctanes through a formal [4+4] cycloaddition reaction. The reaction products were successfully 

transformed via simple functional group manipulations to the 2,6-disubstituted derivatives of 1,5-diazacyclooctane, which 

could not be simply accessed by other methods. 

 

ɇɚɲɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɜɹɳɟɧɵ ɫɢɧɬɟɡɭ ɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɜɨɫɶɦɢɱɥɟɧɧɵɯ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ 
ɝɟɬɟɪɨɰɢɤɥɨɜ ɪɹɞɚ 1,5-ɞɢɚɡɚɰɢɤɥɨɨɤɬɚɧɚ ɢɡ α,ȕ-ɧɟɧɚɫɵɳɟɧɧɵɯ ɢɦɢɧɨɜ. α,ȕ-ɇɟɧɚɫɵɳɟɧɧɵɟ 
ɢɦɢɧɵ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɦɢɧɨɜ ɫ α,ȕ-ɧɟɧɚɫɵɳɟɧɧɵɦɢ 
ɤɚɪɛɨɧɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɹɜɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɭɞɨɛɧɵɦɢ ɢɧɬɟɪɦɟɞɢɚɬɚɦɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɧɨ ɢ ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɢɧɬɨɧɚɦɢ ɜ ɬɚɤɢɯ ɫɨɜɪɟɦɟɧɧɵɯ 
ɨɛɥɚɫɬɹɯ, ɤɚɤ ɯɢɦɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɛɢɨɤɨɧɴɸɝɚɰɢɹ ɢ ɛɢɨɢɧɠɟɧɟɪɧɚɹ ɯɢɦɢɹ. ɂɡɭɱɟɧɢɟ ɧɨɜɵɯ 
ɚɫɩɟɤɬɨɜ ɢɯ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ 
ɧɨɜɵɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢ ɧɨɜɵɯ ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ 
ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɟɧɚɫɵɳɟɧɧɵɟ ɢɦɢɧɵ, ɹɜɥɹɸɳɢɟɫɹ ɩɪɨɞɭɤɬɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɚɤɪɨɥɟɢɧɚ ɫ ɩɪɨɢɡɜɨɞɧɵɦɢ 1,2-ɷɬɚɧɨɥɚɦɢɧɚ, ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɚɤɰɢɢ [4+4]-ɞɢɦɟɪɢɡɚɰɢɢ ɩɨ ɬɢɩɭ 
«ɝɨɥɨɜɚ ɤ ɯɜɨɫɬɭ» ɢ ɞɚɸɬ N-ɝɟɬɟɪɨɰɢɤɥɵ ɪɹɞɚ 1,5-ɞɢɚɡɚɰɢɤɥɨɨɤɬɚɧɚ [1]. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɪɚɡɪɚɛɨɬɚɧ ɩɪɟɩɚɪɚɬɢɜɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɧɨɜɵɯ 2,6-ɞɢɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 1,5-
ɞɢɚɡɚɰɢɤɥɨɨɤɬɚɧɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ: i) ɪɟɚɤɰɢɢ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 1-ɚɦɢɧɨ-2-ɢɧɞɚɧɨɥɚ ɢ 2-
ɮɟɧɢɥɝɥɢɰɢɧɨɥɚ ɫ ɚɤɪɨɥɟɢɧɨɦ, ii) ɩɨɫɥɟɞɭɸɳɟɦ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 
ɩɪɨɞɭɤɬɨɜ. ɋɬɪɭɤɬɭɪɚ ɜɫɟɯ ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɦɟɪɧɵɯ 1ɇ ɢ 13ɋ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ əɆɊ ɢ ɞɜɭɦɟɪɧɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ HSQC, COSY, HMBC. 
Ɇɨɥɟɤɭɥɹɪɧɚɹ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɬɪɟɯ ɧɨɜɵɯ N-ɝɟɬɟɪɨɰɢɤɥɨɜ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ 
ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 
 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɫɭɛɫɢɞɢɢ, ɜɵɞɟɥɟɧɧɨɣ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɩɨɞɞɟɪɠɤɢ Ʉɚɡɚɧɫɤɨɝɨ (ɉɪɢɜɨɥɠɫɤɨɝɨ) ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɟɝɨ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɪɟɞɢ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɧɚɭɱɧɨ–ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ. 
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1. Facile preparation of 1,5-diazacyclooctanes from unsaturated imines: effects of the hydroxyl groups on [4+4] 

dimerization / K. Tanaka, R. Matsumoto, A. R. Pradipta, Y. Kitagawa, M. Okumura // Synlett. – 2014. – V. 25. – P. 1026–
1030. 
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ɈɄɌȺȼɂɇɂɅɋɂɅɋȿɋɄȼɂɈɄɋȺɇȺ 

ȿ.Ⱥ. ɒɚɪɲɢɧɚ, ȿ.ɂ. Ʉɚɪɩɨɜɚ, Ɇ.ȼ. Ɍɭɬɨɜ 
Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɵɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 690091, ɝ. ȼɥɚɞɢɜɨɫɬɨɤ, ɭɥ. ɋɭɯɚɧɨɜɚ, 8. 

e-mail: sharshina2@gmail.com 

ɉɪɟɞɥɨɠɟɧ ɩɪɨɫɬɨɣ ɨɞɧɨɫɬɚɞɢɣɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɫɥɨɠɧɨɝɨ ɤɥɚɫɫɚ ɜɵɫɨɤɨɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɞɟɧɞɪɢɦɟɪɧɨɣ ɩɪɢɪɨɞɵ, ɤɨɬɨɪɵɟ ɩɨɫɥɭɠɚɬ ɩɪɟɤɭɪɫɨɪɚɦɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɪɛɰɢɢ 
ɤɚɬɢɨɧɨɜ ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ. 

In this paper we proposed a simple one-step method for the synthesis of a complex class of highly functional compounds 

with dendrimeric nature that will serve as precursors for the creation of new materials for cations of alkali and alkali-earth 

metals. 

ɋɜɹɡɵɜɚɧɢɟ ɤɚɬɢɨɧɨɜ ɦɟɬɚɥɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ 
ɷɤɨɥɨɝɢɢ ɢ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɉɨɞɯɨɞɹɳɢɟ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢ ɪɚɞɢɨɯɢɦɢɢ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 
ɧɚɦɢ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɦɟɬɨɞɚɦɢ ɤɥɢɤ-ɯɢɦɢɢ ɧɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɟɧɞɪɢɦɟɪɧɨɣ ɩɪɢɪɨɞɵ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɭɬ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɪɛɰɢɢ ɤɚɬɢɨɧɨɜ ɳɟɥɨɱɧɵɯ ɢ 
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ. 

Ɇɟɬɨɞ ɫɢɧɬɟɡɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɨɤɬɚɜɢɧɢɥɫɢɥɫɟɫɤɜɢɨɤɫɚɧɚ, 
ɞɢɬɢɨɥɨɜ ɢ ɜɢɧɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧɚ ɜ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ 
ɢɡɥɭɱɟɧɢɹ (ɪɢɫ. 1). Ɉɤɬɚɜɢɧɢɥɫɢɥɫɟɫɤɜɢɨɤɫɚɧ ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɵɦ ɢɫɯɨɞɧɵɦɢ 
ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦ ɦɨɧɨɦɟɪɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɞɟɧɞɪɢɦɟɪɧɨɣ ɩɪɢɪɨɞɵ ɫ ɡɚɞɚɧɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɡɚ ɫɱɟɬ ɧɚɥɢɱɢɹ ɜɨɫɶɦɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɢɧɢɥɶɧɵɯ ɝɪɭɩɩ. ȼ ɤɚɱɟɫɬɜɟ ɞɢɬɢɨɥɚ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥ 
ɜɵɛɪɚɧ 2,2’-(ɷɬɢɥɟɧɞɢɨɤɫɢ)ɞɢɷɬɚɧɬɢɨɥ. ȼɢɧɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧ ɩɨɡɜɨɥɹɟɬ ɜɜɟɫɬɢ ɜ ɫɨɟɞɢɧɟɧɢɟ 
ɬɪɢɷɬɨɤɫɢɫɢɥɢɥɶɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɟɬɨɞɨɦ 
ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɩɨɥɭɱɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɫɲɢɬɵɟ ɤɫɟɪɨ- ɢ ɚɷɪɨɝɟɥɢ. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɬɚɜɢɧɢɥɫɢɥɫɟɫɤɜɢɨɤɫɚɧɚ, ɞɢɬɢɨɥɚ ɢ ɜɢɧɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧɚ 
 

ɉɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɞɟɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɵɟ ɜɹɡɤɢɟ ɠɢɞɤɨɫɬɢ, ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɂɄ-, əɆɊ 1H, 
13C, 29Si-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ əɆɊ 1H, ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɜɢɧɢɥɶɧɵɯ ɝɪɭɩɩ ɨɤɬɚɜɢɧɢɥɫɢɥɫɟɫɤɜɢɨɤɫɚɧɚ ɢ ɬɢɨɥɶɧɵɯ ɝɪɭɩɩ, ɚ ɬɚɤɠɟ, ɢɫɯɨɞɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɢɝɧɚɥɨɜ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɦɨɥɟɤɭɥɵ 
ɨɤɬɚɜɢɧɢɥɫɢɥɫɟɫɤɜɢɨɤɫɚɧɚ ɩɹɬɶɸ ɬɪɢɷɬɨɤɫɢɫɢɥɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɩɪɟɞɥɨɠɟɧ ɩɪɨɫɬɨɣ ɨɞɧɨɫɬɚɞɢɣɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɫɥɨɠɧɨɝɨ ɤɥɚɫɫɚ 
ɜɵɫɨɤɨɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɟɧɞɪɢɦɟɪɧɨɣ ɩɪɢɪɨɞɵ, ɤɨɬɨɪɵɟ ɩɨɫɥɭɠɚɬ 
ɩɪɟɤɭɪɫɨɪɚɦɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɪɛɰɢɢ ɤɚɬɢɨɧɨɜ ɳɟɥɨɱɧɵɯ ɢ 
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ƚɪɚɧɬɚ Ɇɢɧɨɛɪɧɚɭɤɢ ɊɎ, ɩɪɨɟɤɬ № 
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ɍȾɄ 547.833.3 : 547.745 

 
1-ȻȿɇɁɈɂɅ-5,5-ȾɂɆȿɌɂɅ-2,3,5,6-ɌȿɌɊȺȽɂȾɊɈɉɂɊɊɈɅɈ[2,1-a]ɂɁɈɏɂɇɈɅɂɇ-2,3-

ȾɂɈɇ ȼ ɊȿȺɄɐɂɂ ɋ N-ɇɍɄɅȿɈɎɂɅȺɆɂ 

 
Ⱥ.ɋ. ɘɫɨɜ, Ⱥ.Ƚ.Ɇɢɯɚɣɥɨɜɫɤɢɣ 

ɉɟɪɦɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɚɹ ɚɤɚɞɟɦɢɹ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 614990, ɉɟɪɦɶ, ɭɥ. ɉɨɥɟɜɚɹ, 2. 

 e-mail: neorghim@pfa.ru 

 
1-Ȼɟɧɡɨɢɥ-5,5-ɞɢɦɟɬɢɥ-2,3,5,6-ɬɟɬɪɚɝɢɞɪɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧ-2,3-ɞɢɨɧ ɥɟɝɤɨ ɪɚɫɤɪɵɜɚɟɬ ɩɢɪɪɨɥɶɧɵɣ 

ɰɢɤɥ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɭɤɥɟɨɮɢɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧ, ɨ-ɚɦɢɧɨɮɟɧɨɥ, 1,2-ɰɢɤɥɨɝɟɤɫɚɧɞɢɚɦɢɧ, 3-ɝɢɞɪɨɤɫɢ-2-

ɚɦɢɧɨɩɢɪɢɞɢɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɦɟɟɬ ɦɟɫɬɨ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɢɡɜɨɞɧɵɯ ɯɢɧɨɤɫɚɥɢɧɚ, ɢɦɢɞɚɡɨɥɚ, 
ɛɟɧɡɨɤɫɚɡɨɥɚ ɢ ɨɤɫɚɡɨɥɨ[4,5-b]ɩɢɪɢɞɢɧɚ. 

1-Benzoyl-5,5-dimethyl-2,3,5,6-tetrahydropyrrolo[2,1-a]isoquinoline-2,3-dione opens the pyrrole's ring under the 

influence of nucleophiles such as o-phenylenediamine, o-aminophenol, 1,2-cyclohexanediamine, 3-hydroxy-2-aminopyridine. 

As a result it takes place heterocyclisation forming the derivatives of quinoxaline, imidazole, benzoxazole and oxazolo[4,5-

b]pyridine. 

 
ɉɪɨɢɡɜɨɞɧɵɟ 2,3-ɞɢɨɤɫɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɨɜ ɢɡɜɟɫɬɧɵ ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɵɯ 

ɪɟɚɝɟɧɬɨɜ ɜ ɫɢɧɬɟɡɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ [1,2]. Ɋɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɷɬɢɯ 
ɫɨɟɞɢɧɟɧɢɣ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɤɚɪɛɨɧɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɩɢɪɪɨɥɚ ɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɜ 
ɩɨɥɨɠɟɧɢɢ 4 ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ 2,3-
ɞɢɨɤɫɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɩɨɥɨɠɟɧɢɢ 1 ɛɟɧɡɨɢɥɶɧɭɸ ɝɪɭɩɩɭ. 

 

 
 
ɂɫɯɨɞɧɵɣ ɤɟɬɨɧ 1 ɩɨɥɭɱɟɧ ɪɟɚɤɰɢɟɣ ɚɰɢɥɢɪɨɜɚɧɢɹ 1,3,3-ɬɪɢɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚ 

ɛɟɧɡɨɢɥɯɥɨɪɢɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɚɰɢɥɢɪɨɜɚɧɢɟɦ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ [1]. Ɉɛɟ ɪɟɚɤɰɢɢ 
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɪɟɚɤɰɢɹɯ ɫɨɟɞɢɧɟɧɢɹ 1 ɫ ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ 
ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɹ. Ɍɚɤ, ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɫ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ ɜ ɢɡɨɩɪɨɩɚɧɨɥɟ ɫ ɞɨɛɚɜɤɨɣ ɜ 
ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ TsOH ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɢɡɜɨɞɧɨɟ ɯɢɧɨɤɫɚɥɨɧɚ 2, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɚɧɟɟ 
ɩɨɥɭɱɟɧɧɵɦɢ ɞɚɧɧɵɦɢ [3]. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɛɢɧɭɤɥɟɨɮɢɥɚ 1,2-
ɰɢɤɥɨɝɟɤɫɚɧɞɢɚɦɢɧɚ (ɫɦɟɫɶ ɰɢɫ- ɢ ɬɪɚɧɫ-ɢɡɨɦɟɪɨɜ) ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɢɡɜɨɞɧɨɟ ɢɦɢɞɚɡɨɥɚ 3. 
Ɋɚɫɤɪɵɬɢɟ ɰɢɤɥɚ ɞɟɣɫɬɜɢɟɦ ɨ-ɚɦɢɧɨɮɟɧɨɥɚ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɤɢɩɹɱɟɧɢɢ ɜ 
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ɢɡɨɩɪɨɩɚɧɨɥɟ, ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɢɡɜɨɞɧɨɟ ɛɟɧɡɢɡɨɤɫɚɡɨɥɚ 4 [4]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɩɪɨɞɭɤɬ 
ɪɟɚɤɰɢɢ ɫ 2-ɚɦɢɧɨ-3-ɝɢɞɪɨɤɫɢɩɢɪɢɞɢɧɨɦ ɛɵɥ ɜɵɞɟɥɟɧ ɥɢɲɶ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɟ (ɫɨɟɞɢɧɟɧɢɟ 5). ɉɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ ɩɪɨɬɟɤɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɝɢɞɪɚɡɢɧɝɢɞɪɚɬɨɦ, 
ɱɬɨ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɨ ɨɛɟɫɰɜɟɱɢɜɚɧɢɸ ɪɚɫɬɜɨɪɚ ɫɨɟɞɢɧɟɧɢɹ 1, ɢɦɟɸɳɟɝɨ ɹɪɤɨ-ɤɪɚɫɧɭɸ ɨɤɪɚɫɤɭ. 
ɋɬɪɭɤɬɭɪɚ ɝɢɞɪɚɡɢɞɚ 6 ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɚɡɨɧɚ ɫ ɩ-ɧɢɬɪɨɛɟɧɡɚɥɶɞɟɝɢɞɨɦ [5,6]. 

ɋɩɟɤɬɪɵ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɣ 2 – 6 ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɜ ȾɆɋɈ-d6. Cɩɟɤɬɪ ɯɢɧɨɤɫɚɥɨɧɚ 2 
ɫɨɞɟɪɠɢɬ ɫɢɧɝɥɟɬɵ ɞɜɭɯ ɝɪɭɩɩ NH: 11.53 ɢ 11.79 ɦ.ɞ. ɂɯ ɩɨɥɨɠɟɧɢɟ ɜ ɫɥɚɛɨɦ ɩɨɥɟ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɨɞɧɚ ɢɡ ɝɪɭɩɩ ɯɟɥɚɬɢɪɨɜɚɧɚ, ɚ ɜɬɨɪɚɹ – ɞɨɫɬɚɬɨɱɧɨ ɤɢɫɥɨɬɧɚɹ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɜɟɞёɧɧɨɣ ɫɬɪɭɤɬɭɪɟ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɪɚɧɟɟ ɛɵɥɚ 
ɞɨɤɚɡɚɧɚ ɫ ɩɨɦɨɳɶɸ ɊɋȺ ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɢɦɟɸɳɢɯ ɜ ɩɨɥɨɠɟɧɢɢ 1 ɚɦɢɞɧɭɸ 
ɝɪɭɩɩɭ [3]. ɋɬɪɨɟɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɫɥɟɞɭɟɬ ɢɡ ɧɚɥɢɱɢɹ ɜ ɫɩɟɤɬɪɟ ɞɜɭɯ ɫɢɧɝɥɟɬɨɜ ɝɪɭɩɩ NH: 8.39 
(NH ɢɦɢɞɚɡɨɥɢɧɚ) ɢ 11.72 (NH- ɰɢɤɥɚ). ɋɩɟɤɬɪɵ ɩɪɨɢɡɜɨɞɧɵɯ ɨɤɫɚɡɨɥɚ 4,5 ɬɚɤɠɟ ɫɨɞɟɪɠɚɬ 
ɫɢɧɝɥɟɬɵ ɝɪɭɩɩ NH ɜ ɫɥɚɛɨɦ ɩɨɥɟ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 11.58 ɢ 11.71 ɦ.ɞ.). ɋɩɟɤɬɪ ɝɢɞɪɚɡɢɞɚ 6 
ɫɨɞɟɪɠɢɬ ɞɜɚ ɫɢɧɝɥɟɬɚ ɝɪɭɩɩ ɜ cɥɚɛɨɦ ɩɨɥɟ: 9.46 (ɋɈNH) ɦ.ɞ. ɢ 11.42 ɦ.ɞ. (NH-ɰɢɤɥɚ).  

ȼ ɂɄ ɫɩɟɤɬɪɚɯ ɫɨɟɞɢɧɟɧɢɣ 2 – 6 ɧɚɛɥɸɞɚɸɬɫɹ ɭɲɢɪɟɧɧɵɟ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ 
ɯɟɥɚɬɢɪɨɜɚɧɧɵɯ ɝɪɭɩɩ ɋɈ (1620 – 1640 ɫɦ-1) ɢ NH (3120 – 3150 cɦ-1). Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɩɟɤɬɪɚɯ 
ɫɨɞɟɪɠɚɬɫɹ ɩɨɥɨɫɵ ɫɜɨɛɨɞɧɵɯ ɤɟɬɨɧɧɨɝɨ ɤɚɪɛɨɧɢɥɚ (1720 – 1740 ɫɦ-1) ɢ ɝɪɭɩɩɵ NH-ɰɢɤɥɚ (3310 
– 3340 cɦ-1). 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɫɬɪɨɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 2 – 5 ɛɵɥɢ ɬɚɤɠɟ ɫɧɹɬɵ ɦɚɫɫ-ɫɩɟɤɬɪɵ. ɋɩɟɤɬɪ 
ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɜɟɳɟɫɬɜ ɫɨɞɟɪɠɢɬ ɩɢɤ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɢɨɧɚ (100 %). ɋɩɟɤɬɪɵ ɫɨɟɞɢɧɟɧɢɣ 3 – 5 
ɫɨɞɟɪɠɚɬ ɮɪɚɝɦɟɧɬɚɪɧɵɣ ɢɨɧ 276 ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɬɚɤɠɟ ɩɪɢɦɟɪɧɨ 100%, ɤɨɬɨɪɵɣ ɦɨɠɧɨ 
ɨɬɧɟɫɬɢ ɤ 2-(3,3-ɞɢɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2ɇ)-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɷɬɚɧɨɧɭ ɋ19H18NO.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 1-ɛɟɧɡɨɢɥ-5,5-ɞɢɦɟɬɢɥ-2,3,5,6-ɬɟɬɪɚɝɢɞɪɨɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧ-2,3-ɞɢɨɧ 
ɜ ɪɟɚɤɰɢɢ ɫ N-ɧɭɤɥɟɨɮɢɥɚɦɢ ɩɪɨɹɜɥɹɟɬ ɫɟɛɹ ɜ ɤɚɱɟɫɬɜɟ ɚɰɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ, ɪɟɚɝɢɪɭɸɳɟɝɨ ɫ 
ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɨɜɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɢɥɢ ɥɢɧɟɣɧɵɯ ɫɬɪɭɤɬɭɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 
ɫɨɛɨɣ ɧɨɜɵɟ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɫɢɧɬɨɧɵ ɢɥɢ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɜɟɳɟɫɬɜɚ. Ȼɟɧɡɨɢɥɶɧɚɹ ɝɪɭɩɩɚ ɜ ɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɧɟ ɡɚɬɪɚɝɢɜɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɟё ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɧɟɪɬɧɨɫɬɶɸ ɜ ɪɟɚɤɰɢɹɯ 
ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ. 
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ɇɟɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɤɚɫɤɚɞɧɚɹ ɪɟɚɤɰɢɹ ɛɟɧɡɚɥɶɞɟɝɢɞɨɜ ɢ ɞɜɭɯ ɷɤɜɢɜɚɥɟɧɬɨɜ 4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧɚ, 

ɢɧɢɰɢɢɪɨɜɚɧɧɚɹ ɤɢɩɹɱɟɧɢɟɦ ɜ ɩɪɨɩɚɧɨɥɟ ɩɪɢɜɨɞɢɬ ɤ ɛɵɫɬɪɨɦɭ (15 ɦɢɧ) ɢ ɷɮɮɟɤɬɢɜɧɨɦɭ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɦɟɳɟɧɧɵɯ 
ɬɟɬɪɚɝɢɞɪɨ-1ɇ-ɤɫɚɧɬɟɧ-1-ɨɧɨɜ ɫ 93-98% ɜɵɯɨɞɚɦɢ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɛɵɫɬɪɵɣ ɤɚɫɤɚɞɧɵɣ ɩɨɞɯɨɞ ɤ ɡɚɦɟɳɟɧɧɵɦ 
ɛɢɫ(4-ɝɢɞɪɨɤɫɢɤɭɦɚɪɢɧɢɥ) ɚɪɢɥɦɟɬɚɧɚɦ, ɤɨɬɨɪɵɟ ɢɡɜɟɫɬɧɵ ɤɚɤ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɫ ɚɧɬɢ-ȼɂɑ, 
ɚɧɬɢɛɢɨɬɢɱɟɫɤɨɣ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɨɣ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɹɜɥɹɟɬɫɹ ɜɵɝɨɞɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɵɫɬɪɭɸ, ɷɮɮɟɤɬɢɜɧɭɸ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɭɸ ɫɢɧɬɟɬɢɱɟɫɤɭɸ ɤɨɧɰɟɩɰɢɸ ɞɥɹ ɫɬɪɚɬɟɝɢɢ ɤɚɫɤɚɞɧɵɯ ɪɟɚɤɰɢɣ. 

Non-catalytic cascade reaction of benzaldehydes and two equivalents of 4-hydroxycoumarin initiated by reflux in 

propanol results in the fast (15 min) and efficient formation of substituted tetrahydro-1H-xanthen-1-ones in 93–98% yields. 

The developed fast cascade approach to the substituted bis(4-hydroxycoumarinyl)arylmethanes, which are known as 

medicinally relevant substances with anti-HIV, antibiotic, anti-inflammatory and anti-cancer activity, is beneficial from the 

viewpoint of diversity-oriented large-scale processes and represents fast, efficient and environmentally benign synthetic 

concept for cascade reactions strategy. 

 

Coumarins or benzopyran-2-ones are one of the most known oxygen heterocyclic compounds, 
which are efficiently studied from their discovery up to our days [1]. 

Dicoumarol (Fig. 1) is a competitive NADH quinone oxidoreductase (NQO1) inhibitor, and used as 
an anticoagulant by interfering with the metabolism of vitamin K. Dicoumarol is known as microtubule 
stabilizing natural product that is synergistic with Taxol [2]. It also potentiates cisplatin-induced 
apoptosis urogenital cancer cell lines [3]. 

 

 
Figure 1 

 

Biscoumarols are generally synthesized by cascade reaction of two equivalents of 4-
hydroxycoumarin and different aldehydes. In the recent years, several methods have been reported to 
accomplish this reaction. In most of them, different catalysts are used, such as molecular iodine [4], 
DBU [5], piperidine [6], MnCl2 [7] and others. Although all this procedures for the synthesis of 
corresponding dicoumarols have their merits, but all of them suffer from some drawbacks, such as 
unsufficient yields, prolonged reaction times, the use of costly reagents or catalysts. The recovery of the 
catalyst and the procedure of isolation pure dicoumarols may also be complicated in many cases. 

In the last years, the concept of ‘on-water’ and ‘on-solvent’ reactions with using minimum quantities 
of the solvents to carry out reactions in suspensions or emulsions has been developed [8]. 

In the present study we found very simple and fast (15 min.) non-catalytic, on-solvent (1 ml 1-PrOH 
for 5 mmol 1), efficient and selective transformation of benzaldehydes 1a-g and 4-hydroxycoumarin 2 
into substituted 3,3'-(arylmethylene)bis(4-hydroxy-2H-chromen-2-ones) 3a-g in excellent 93-98% yields 
(Scheme 1, Table 1). 
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Scheme 1 

 

Table 1 

Entry R Yield (%) 

1 H 95 

2 4-Me 98 

3 2-OMe 96 

4 4-tBu 93 

5 4-Cl 97 

6 4-F 95 

7 3-Br 96 

This non-catalytic cascade procedure utilizes simple equipment; it is easily carried out and is 
valuable from the viewpoint of environmentally benign diversity-oriented large-scale processes. 
 

This work was supported by the Council at President of the Russian Federation (grant MD-

380.2017.3). 
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INTERACTION OF 4-(PROP-2-YNYL)MORFOLINE WITH ACETYLACETONE IN THE 

PRESENCE OF MERCURY (II) ACETATE 
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ɂɫɫɥɟɞɨɜɚɧɚ ɪɟɝɢɨɯɢɦɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 4-(ɩɪɨɩ-2-ɢɧɢɥ) ɦɨɪɮɨɥɢɧɚ ɫ ɚɰɟɬɢɥɚɰɟɬɨɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɚɰɟɬɚɬɚ ɪɬɭɬɢ(II). ȼɵɹɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɩɨ ɡɚɦɟɳɟɧɧɨɦɭ ɭɝɥɟɪɨɞɧɨɦɭ ɚɬɨɦɭ ɬɪɨɣɧɨɣ ɫɜɹɡɢ 

ɚɡɨɬɫɨɞɟɪɠɚɲɢɯ ɩɪɨɩɚɪɝɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɬɪɢɟɜɵɦɢ ɫɨɥɹɦɢ ɚɰɟɬɢɥɚɰɟɬɨɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɟɬɨɧɨɜ. 
Regiochemistry of the reaction of 4-(prop-2-ynyl)morpholine with acetylacetone in the presence of mercury(II) acetate 

has been studied. The possibility of alkylation at the substituted carbon atom of the triple bond of the nitrogen-containing 

propargyl compound by sodium salts of acetylacetone with the formation of ketons has been shown.  

Aminomercuration of unsaturated species is among well studied reactions [1,2]. Addition reactions 
of mercury salts to alkenes and alkynes in the presence of various nucleophiles are of special interest. 
For example, the conjugate addition of ɋɇ-acids to alkylacetylenes and propargyl acetate using 
mercury(II) acetate, accompanied by intramolecular cyclization of the intermediately formed unsaturated 
dicarbonyl compounds into the furan derivatives has been earlier performed [3]. Substituted aminofurans 
have been formed via cyclization of dipropargyl esters promoted by mercury(II) acetate as well [4]. In 
the later studies, alkylation of acetylacetone as well as acetoacetic and malonic esters with propargyl 
esters in the presence of mercury(II) acetate in DMSO or dioxane has been demonstrated, resulting in 
regiospecific formation of the isomeric linear products via direct vinylation and further prototropic 
isomerization [5]. 

Extending our studies of new methods of propargyl compounds functionalization, we investigated 
the reaction of acetylacetone with nitrogen-containing terminal acetylenic substrate in the presence of 
mercury(II) acetate.  

The reaction of 4-(prop-2-ynyl)morpholine 1 with acetylacetone in the presence of mercury(II) 
acetate in THF followed by demercuration of intermediate 2 with sodium borohydride afforded a 
mixture of 4-methyl-5-morpholinopentane-2-one 3 and 4-methyl-5-morpholinopent-3-en-2-one 4. In 
contrast, reduction of intermediate 2 with 15% hydrochloric acid gave N-morpholyl acetate 5 (Scheme 
1). 
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Scheme 1. Synthesis of 4-methyl-5-morpholinopentane-2-one 3, 4-methyl-5-morpholinopent-3-en-2-one 4  

and N-morpholyl acetate 5 

 

The formation of 4-methyl-5-morpholinopent-3-en-2-one 4 could be schematically represented by 
the following series of transformations (Scheme 2).  
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Scheme 2. Synthesis of 4-methyl-5-morpholinopent-3-en-2-one 4 

 
The ratio of compounds 4 and 3 in the mixture determined from the 1H NMR spectroscopy data was 

of 80 : 20, 50 : 50, and 35 : 65 for the reactions carried out in hexane, dioxane, and THF, respectively. 
The formation of compounds 3 and 4 in the mixture was confirmed using chromato–mass spectrometry 
method by the presence of molecular ions peaks with m/z 183 and 185. The fragmentation schemes and 
the most stable fragment ions of compounds 3 and 4 are shown in Schemes 3, 4. It should be noted that 
when using polar DMSO as the solvent, a mixture of products of resinification and the starting substrate 
1 was formed. 
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Scheme 3. The fragmentation scheme and the most stable fragment ions of compound 3 
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Scheme 4. The fragmentation scheme and the most stable fragment ions of compound 4 

 

In summary, the alkylation of nitrogen-containing propargyl compound with acetylacetone in the 
presence of mercury(II) acetate was studied. 
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ɋɈɁȾȺɇɂȿ ɇȿɇɍɄɅȿɈɁɂȾɇɕɏ ɂɇȽɂȻɂɌɈɊɈȼ ɈȻɊȺɌɇɈɃ ɌɊȺɇɋɄɊɂɉɌȺɁɕ 
ȼɂɑ ɇȺ ɈɋɇɈȼȿ ȻȿɇɁɈɎȿɇɈɇɈȼ ɂ ɋɉɈɋɈȻȺ ɂɏ ɗɎɎȿɄɌɂȼɇɈɃ ȾɈɋɌȺȼɄɂ.  
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɫɨɡɞɚɧɢɟ ɧɟɧɭɤɥɟɨɡɢɞɧɵɯ ɢɧɝɢɛɢɬɨɪɨɜ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɬɚɡɵ (ɇɇɂɈɌ) 

ȼɂɑ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɬɚɡɵ (ɈɌ) ɜɢɪɭɫɚ ɞɢɤɨɝɨ ɬɢɩɚ ɢ 
ɫɨɯɪɚɧɹɸɳɢɯ ɜɵɫɨɤɭɸ ɢɧɝɢɛɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɮɟɪɦɟɧɬɚ, ɱɚɫɬɨ 
ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɪɟɡɢɫɬɟɧɬɧɨɫɬɶɸ ɤ ɇɇɂɈɌ ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɨ ɫɨɡɞɚɧɨ 
ɦɧɨɠɟɫɬɜɨ ɛɟɧɡɨɮɟɧɨɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɢɪɢɦɢɞɢɧɚ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɢɧɝɢɛɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ 
ɨɬɧɨɲɟɧɢɢ ɈɌ ȼɂɑ. Ɍɚɤ ɠɟ ɪɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɞɨɫɬɚɜɤɢ ɢɧɝɢɛɢɬɨɪɨɜ ɜ ɤɥɟɬɤɭ ɫ ɩɨɦɨɳɶɸ 
ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɨɫɧɨɜɟ ɩɪɢɜɢɬɨɝɨ ɫɨɩɨɥɢɦɟɪɚ ɦɟɬɨɤɫɢɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ-ɩɨɥɢɥɢɡɢɧɚ.  

The aim of the work was to create nonnucleoside reverse transcriptase inhibitors (NNRTI) of HIV with a high activity 

against both wild type viral reverse transcriptase and different mutant forms of enzyme that are frequently occurred in 

patients with a resistance to the first generation NNRTI. Lots of benzophenone derivatives of pyrymidine (BDP) were 

obtained during this work and most of them strongly inhibit HIV reverse transcriptase. As well an effective way of BDP 

delivery to cell was developed by use of nanoparticles based on graft copolymer of methoxypolyethylene glycol-polylysine 

hydrophobic core. 

 

ɑɢɫɥɨ ɧɨɫɢɬɟɥɟɣ ȼɂɑ ɜ ɦɢɪɟ ɩɪɨɞɨɥɠɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɨɫɬɚɜɥɹɟɬ 
ɨɤɨɥɨ 40 ɦɥɧ. ɱɟɥɨɜɟɤ [1]. Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɫɨɡɞɚɧɨ ɬɟɪɚɩɢɢ, ɫɩɨɫɨɛɧɨɣ ɩɨɥɧɨɫɬɶɸ 
ɢɡɥɟɱɢɬɶ ɩɚɰɢɟɧɬɨɜ ɨɬ ȼɂɑ-ɢɧɮɟɤɰɢɢ, ɨɞɧɚɤɨ ɩɪɨɝɪɟɫɫ ɜ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɢ ɩɨɡɜɨɥɢɥ ɞɨɛɢɬɶɫɹ 
ɬɨɝɨ, ɱɬɨ ɩɨɫɥɟɞɧɹɹ ɜ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ ɩɟɪɟɲɥɚ ɢɡ ɪɚɡɪɹɞɚ ɫɦɟɪɬɟɥɶɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɜ ɪɚɡɪɹɞ 
ɯɪɨɧɢɱɟɫɤɨɣ ɢɧɮɟɤɰɢɢ, ɞɨɫɬɚɬɨɱɧɨ ɭɫɩɟɲɧɨ ɫɞɟɪɠɢɜɚɟɦɨɣ ɩɪɟɩɚɪɚɬɚɦɢ ɚɧɬɢɪɟɬɪɨɜɢɪɭɫɧɨɣ 
ɬɟɪɚɩɢɢ (ȼȺȺɊɌ). Ʉ 2016-ɝɨɞɭ ɞɥɹ ɛɨɪɶɛɵ ɫ ȼɂɑ-ɢɧɮɟɤɰɢɟɣ FDA ɨɞɨɛɪɟɧɨ 27 ɜɟɳɟɫɬɜ, 
ɩɪɢɦɟɧɹɸɳɢɯɫɹ ɤɚɤ ɢɧɞɢɜɢɞɭɚɥɶɧɨ, ɬɚɤ ɢ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫɧɵɯ ɩɪɟɩɚɪɚɬɨɜ («ɤɨɤɬɟɣɥɟɣ»), 
ɫɩɨɫɨɛɧɵɯ ɩɨɞɚɜɥɹɬɶ ɪɚɡɥɢɱɧɵɟ ɫɬɚɞɢɢ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ȼɂɑ. ɒɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɪɟɩɚɪɚɬɨɜ 
ɩɨɡɜɨɥɹɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɩɨɞɛɢɪɚɬɶ ɥɟɱɟɧɢɟ ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɰɢɟɧɬɚ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɪɚɩɢɢ. ȼɫɟ ɷɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɫɬɚɜɢɬɶ ɡɚɞɚɱɭ ɤ 2030 ɝɨɞɭ ɩɨɥɧɨɫɬɶɸ ɨɫɬɚɧɨɜɢɬɶ 
ɪɨɫɬ ɱɢɫɥɚ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɜ ɋɒȺ [2]. ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɫɢɬɭɚɰɢɹ ɫ ȼɂɑ-
ɢɧɮɟɤɰɢɟɣ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɟɬɫɹ ɬɹɠɟɥɨɣ ɢ, ɛɨɥɟɟ ɬɨɝɨ, ɩɪɨɞɨɥɠɚɟɬ ɭɫɭɝɭɛɥɹɬɶɫɹ. Ɉɮɢɰɢɚɥɶɧɨ 
ɜ ɊɎ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɱɭɬɶ ɛɨɥɟɟ 1 ɦɥɧ. ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ (ɩɨ ɪɹɞɭ ɨɰɟɧɨɤ ɷɬɚ ɜɟɥɢɱɢɧɚ 
ɹɜɥɹɟɬɫɹ ɡɚɧɢɠɟɧɧɨɣ [3]). ȼ 2015 ɝɨɞɭ ɫɪɟɞɢ ɝɪɚɠɞɚɧ ɊɎ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɛɨɥɟɟ 93 ɬɵɫ. ɧɨɜɵɯ 
ɫɥɭɱɚɟɜ ȼɂɑ-ɢɧɮɟɤɰɢɢ, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɚɧɚɥɨɝɢɱɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɞɵɞɭɳɢɯ ɥɟɬ ɢ ɝɨɜɨɪɢɬ ɨɛ 
ɭɫɬɨɣɱɢɜɨɦ ɪɨɫɬɟ ɱɢɫɥɚ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ. Ɉɞɧɢɦ ɢɡ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɫɥɚɛɚɹ 
ɞɨɫɬɭɩɧɨɫɬɶ ɞɥɹ ɧɢɯ ȼȺȺɊɌ (ɟɟ ɩɨɥɭɱɚɸɬ ɥɢɲɶ 25-30% ɩɚɰɢɟɧɬɨɜ) [4]. ɋɜɹɡɚɧɨ ɷɬɨ, ɜ ɬɨɦ ɱɢɫɥɟ, 
ɢ ɫ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ ɬɟɪɚɩɢɢ, ɩɪɢ ɩɨɱɬɢ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɚɧɬɢ-ȼɂɑ 
ɩɪɟɩɚɪɚɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɢɡɦɟɧɱɢɜɨɫɬɶɸ ɝɟɧɨɦɚ ȼɂɑ ɭ ɩɚɰɢɟɧɬɨɜ ɫɨ ɜɪɟɦɟɧɟɦ ɜɨɡɧɢɤɚɟɬ 
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ ɤ ɩɪɟɩɚɪɚɬɚɦ, ɱɬɨ ɬɪɟɛɭɟɬ ɢɯ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɦɟɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɭɫɥɨɜɢɹɯ 
ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɧɚɛɨɪɚ ɩɪɟɩɚɪɚɬɨɜ, ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɝɨ ɨɬɫɭɬɫɬɜɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɬɢ-ȼɂɑ 
ɞɠɟɧɟɪɢɤɨɜ ɢ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢɧɨɫɬɪɚɧɧɵɯ ɥɟɤɚɪɫɬɜ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɚɧɬɢ-ȼɂɑ ɩɪɟɩɚɪɚɬɨɜ 
ɜ ɊɎ ɱɪɟɡɜɵɱɚɣɧɨ ɚɤɬɭɚɥɶɧɚ.  

Ɉɞɧɨɣ ɢɡ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɚɪɚɞɢɝɦ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ 
ɧɚɩɪɚɜɥɟɧɨ ɩɪɨɬɢɜ ɢɡɜɟɫɬɧɨɣ ɦɢɲɟɧɢ, ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɚɬɨɪɧɵɣ ɦɟɬɨɞ, ɤɨɝɞɚ ɩɪɢ ɞɢɡɚɣɧɟ ɧɨɜɨɝɨ 
ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɪɭɤɬɭɪɧɵɟ ɦɨɬɢɜɵ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɹɜɢɜɲɢɯ 
ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɜɵɛɪɚɧɧɨɣ ɦɢɲɟɧɢ. ɉɨɞɨɛɧɵɣ ɩɨɞɯɨɞ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ 
ɫɨɡɞɚɧɢɢ ɧɟɧɭɤɥɟɨɡɢɞɧɵɯ ɢɧɝɢɛɢɬɨɪɨɜ ɈɌ ȼɂɑ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ 
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ɢɧɝɢɛɢɬɨɪɨɜ ɫɥɟɞɨɜɚɥɨ ɢɦɟɧɧɨ ɷɬɨɣ ɩɚɪɚɞɢɝɦɟ – ɢɫɩɨɥɶɡɭɹ ɦɨɬɢɜɵ ɪɚɧɟɟ ɢɡɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
GW678248 [5] ɢ GCA-186 [6], ɩɪɨɹɜɢɜɲɢɯ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɈɌ ȼɂɑ, ɛɵɥ 
ɫɨɡɞɚɧ ɧɨɜɵɣ ɤɥɚɫɫ ɢɧɝɢɛɢɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɨɢɡɜɨɞɧɵɯ ɩɢɪɢɦɢɞɢɧɚ (ɫɯɟɦɚ 1, ɬɚɛɥ. 1).  

 

 
1-9 

 
ɋɯɟɦɚ 1. Ʉɨɧɰɟɩɰɢɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɛɟɧɡɨɮɟɧɨɧɨɜɵɯ ɇɇɂɈɌ. 

 

Ɍɚɛɥɢɰɚ 1 
ɂɧɝɢɛɢɪɭɸɳɚɹ ɚɤɬɢɜɧɨɫɬɶ ɛɟɧɡɨɮɟɧɨɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɢɪɢɦɢɞɢɧɚ 1-9.  

NVP –ɧɟɜɢɪɚɩɢɧ, EFV- ɷɮɚɜɢɪɟɧɰ. IC50 – ɢɧɝɢɛɢɪɭɸɳɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ,  
ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ 50% ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɈɌ ȼɂɑ. 

№ R1 R2 R3 R4 
IC50 

(ɦɤɆ) 
1 H H H H 1,3 

2 3,5-(CH3)2 CH3 H H 2,4 

3 3,5-(CH3)2 Cl H H 2,4 

4 3,5-(Cl)2 Cl H H 0,68 

5 3,5-(Cl)2 Br H H 0,35 

6 H H H CH3 0,47 

7 H H CH3 H 0,98 

8 H H CH3 CH3 0,24 

9 3,5-(CH3)2 Cl -CH2CH2CH2- 0,7 

NVP 7,2 

EFV 0,01 

 

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ ɩɪɨɛɥɟɦ ɫɨɟɞɢɧɟɧɢɣ ɛɟɧɡɨɮɟɧɨɧɨɜɨɝɨ ɫɟɦɟɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɢɯ 
ɱɪɟɡɜɵɱɚɣɧɨ ɧɢɡɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ, ɱɬɨ ɪɟɡɤɨ ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 
ɤɚɱɟɫɬɜɟ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɚɧɬɢ-ȼɂɑ ɩɪɟɩɚɪɚɬɨɜ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ 
ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɩɨɩɵɬɤɚ ɜɜɟɞɟɧɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɢɪɢɦɢɞɢɧɨɜɵɣ ɰɢɤɥ, ɨɞɧɚɤɨ ɨɧɚ ɭɫɩɟɯɨɦ ɧɟ 
ɭɜɟɧɱɚɥɚɫɶ – ɜɜɟɞɟɧɢɟ ɝɢɞɪɨɮɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɢɪɢɦɢɞɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬ ɪɟɡɤɨ ɫɧɢɠɚɥɨ 
ɢɧɝɢɛɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ.  

Ⱦɪɭɝɢɦ ɫɩɨɫɨɛɨɦ ɭɥɭɱɲɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɝɢɞɪɨɮɨɛɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɢɯ ɞɨɫɬɚɜɤɢ ɜ 
ɤɥɟɬɤɢ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫ ɝɢɞɪɨɮɨɛɧɵɦ ɹɞɪɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɰɟɥɟɜɵɟ ɦɨɥɟɤɭɥɵ. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɛɵɥ ɩɪɢɦɟɧɟɧ ɩɪɢɜɢɬɨɣ ɩɨɥɢɦɟɪ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɤɫɢɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ 
ɩɨɥɢɥɢɡɢɧɚ ɢ ɨɫɬɚɬɤɨɜ ɫɬɟɚɪɢɧɨɜɨɣ ɢ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬ [7]. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 2, ɫɨɟɞɢɧɟɧɢɹ 5 ɢ 
9 ɜ ɰɟɥɨɦ ɫɨɯɪɚɧɢɥɢ ɜɵɫɨɤɭɸ ɢɧɝɢɛɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɫɨɫɬɚɜɟ ɧɚɧɨɱɚɫɬɢɰ ɜ ɨɬɧɨɲɟɧɢɢ ɤɚɤ 
ɈɌ ȼɂɑ ɞɢɤɨɝɨ ɬɢɩɚ, ɬɚɤ ɢ ɪɟɡɢɫɬɟɧɬɧɵɯ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɮɟɪɦɟɧɬɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɛɟɧɡɨɮɟɧɨɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɢɪɢɦɢɞɢɧɚ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢ-ȼɂɑ ɩɪɟɩɚɪɚɬɨɜ. 
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Ɍɚɛɥɢɰɚ 2 

ɂɧɝɢɛɢɪɭɸɳɚɹ ɚɤɬɢɜɧɨɫɬɶ ɛɟɧɡɨɮɟɧɨɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɢɪɢɦɢɞɢɧɚ 5,9 ɜ ɨɬɧɨɲɟɧɢɢ 
ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɈɌ ȼɂɑ ɜ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ ɢ ɜ ɫɨɫɬɚɜɟ ɧɚɧɨɱɚɫɬɢɰ. IC50 – ɢɧɝɢɛɢɪɭɸɳɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ 50% ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɈɌ ȼɂɑ. 

№ 
Ɇɭɬɚɧɬɧɚɹ 

ɮɨɪɦɚ 
ɈɌ ȼɂɑ 

Ɋ-ɪ ɜ 10% ȾɆɋɈ 
IC50 (ɦɤɆ) 

Ʉɨɦɩɥɟɤɫ ɫ HC-PGC ɜ 
ɜɨɞɧɨɦ ɪ-ɪɟ 
IC50 (ɦɤɆ) 

5 

Ⱦɢɤɢɣ ɬɢɩ 0,35 1,2 

L100I 1,8 >100 

K103N 6 >100 

V106A >100 >100 

Y181C 1,4 22 

G190A 1,6 2,6 

K103N+Y181C 10 >100 

9 

Ⱦɢɤɢɣ ɬɢɩ 0,7 0,5 

L100I 3 1,5 

K103N 70 95 

V106A >100 >100 

Y181C 6 1.9 

G190A 45 0,9 

K103N+Y181C 50 9 

 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɇɎ №13-04-00742. 
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ɋɂɇɌȿɁ ɇɈȼɕɏ ɄɈɆɉɅȿɄɋɈȼ ɈɅɈȼɈɈɊȽȺɇɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ – 

ɉɈɌȿɇɐɂȺɅɖɇɕɏ ɇɈɋɂɌȿɅȿɃ ȻɂɈɅɈȽɂɑȿɋɄɈɃ ȺɄɌɂȼɇɈɋɌɂ 

 
ɂ.ɋ. ȼɟɫɟɥɨɜɚ, ȼ.ɂ. ɒɢɪɹɟɜ 

Ⱥɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɇɚɭɱɧɵɣ ɐɟɧɬɪ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɇɚɭɱɧɨ-ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɂɧɫɬɢɬɭɬ ɏɢɦɢɢ ɢ Ɍɟɯɧɨɥɨɝɢɢ ɗɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 105118, Ɇɨɫɤɜɚ, ɒɨɫɫɟ ɗɧɬɭɡɢɚɫɬɨɜ, ɞ. 38. 
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ɋɢɧɬɟɡɢɪɨɜɚɧ ɪɹɞ ɧɨɜɵɯ ɨɥɨɜɨɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɣɧɵɯ ɢ ɰɢɤɥɢɱɟɫɤɢɯ 
ɫɢɥɢɥɦɟɬɢɥɞɢɯɥɨɪɫɬɚɧɧɚɧɨɜ ɢ ɦɨɧɨ – ɢ ɛɢɞɟɧɬɚɬɧɵɯ ɥɢɝɚɧɞɨɜ. Ʉɨɦɩɥɟɤɫɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɷɥɟɦɟɧɬɧɵɦ 
ɚɧɚɥɢɡɨɦ, 1ɇ, 13ɋ and 119Sn – əɆɊ ɫɩɟɤɬɪɨɦɟɬɪɢɟɣ. 

Some new organotin(IV) complexes on base of linear and cyclic silylmethyldichlorostannanes and mono – and bidentate 

ligands were synthesized. The complexes are characterized by elemental analysis, 1ɇ, 13ɋ and 119Sn – NMR spectra. 

 

Ʉ ɧɚɱɚɥɭ ɧɚɲɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɛɨɥɟɟ 2500 ɨɥɨɜɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ 
ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɩɪɨɬɢɜɨɪɚɤɨɜɭɸ ɚɤɬɢɜɧɨɫɬɶ in vivo ɢ in vitro ɧɚ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɹɯ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ 
ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ. ȼ ɨɫɧɨɜɧɨɦ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɞɢ – ɢ ɬɪɢɨɪɝɚɧɨɨɥɨɜɨ(IV) 
ɝɚɥɨɝɟɧɢɞɵ ɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ ɢ ɤɨɦɩɥɟɤɫɵ [1], ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɛɵɥɢ 
ɨɛɧɚɪɭɠɟɧɵ ɬɚɤɢɟ, ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɧɟ ɭɫɬɭɩɚɟɬ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɞɚɠɟ ɩɪɟɜɨɫɯɨɞɢɬ 
ɚɤɬɢɜɧɨɫɬɶ ɬɚɤɢɯ ɢɡɜɟɫɬɧɵɯ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɥɢɧɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ ɥɟɱɟɧɢɹ 
ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɥɟɤɚɪɫɬɜ, ɤɚɤ ɰɢɫ-ɩɥɚɬɢɧ, ɞɨɤɫɨɪɭɛɢɰɢɧ ɢ ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ [2]. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɥɭɠɚɬ ɜɟɫɤɢɦ ɫɬɢɦɭɥɨɦ ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɩɨɢɫɤɚ ɧɨɜɵɯ 
ɨɥɨɜɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ ɤɨɦɩɥɟɤɫɨɜ, ɢ ɢɡɭɱɟɧɢɹ ɢɯ ɩɪɨɬɢɜɨɪɚɤɨɜɨɣ ɚɤɬɢɜɧɨɫɬɢ in 

vitro ɧɚ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɹɯ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɢ in vivo ɧɚ ɠɢɜɨɬɧɵɯ. ɗɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɟɫɶɦɚ 
ɚɤɬɭɚɥɶɧɵ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɸɬ ɧɚɞɟɹɬɶɫɹ, ɱɬɨ ɜ ɛɭɞɭɳɟɦ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɩɪɨɬɢɜɨɪɚɤɨɜɵɟ 
ɥɟɤɚɪɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɨɥɨɜɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɥɢɲɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɥɢɧɢɤɟ ɥɟɤɚɪɫɬɜ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ. ɉɨɷɬɨɦɭ ɫɢɧɬɟɡ 
ɧɨɜɵɯ ɨɥɨɜɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɧ-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ ɢ 
ɢɡɭɱɟɧɢɟ ɢɯ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɹɯ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɷɬɚɩɨɦ ɪɚɡɜɢɬɢɹ 
ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ.  

ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɚɦɢ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɪɹɞ ɧɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɣɧɵɯ ɢ 
ɰɢɤɥɢɱɟɫɤɢɯ ɫɢɥɢɥɦɟɬɢɥɯɥɨɪɫɬɚɧɧɚɧɨɜ, ɩɪɹɦɨɣ ɫɢɧɬɟɡ ɤɨɬɨɪɵɯ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɚɦɢ ɪɚɧɟɟ [3-5]: 

 

 
 

ɝɞɟ L – ɢɦɢɞɚɡɨɥ, 1-ɦɟɬɢɥɢɦɢɞɚɡɨɥ, 2-ɦɟɬɢɥɢɦɢɞɚɡɨɥ, 1-ɜɢɧɢɥɢɦɢɞɚɡɨɥ, 3,5-ɞɢɦɟɬɢɥɩɢɪɚɡɨɥ. 
 
Ʉɨɦɩɥɟɤɫɵ ɬɢɩɚ 1-3 (ɜɵɯɨɞ 45-76 %) – ɛɟɥɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, ɩɥɚɜɹɳɢɟɫɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 187 ɞɨ 247 0ɋ (ɫ ɪɚɡɥ.), ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɷɥɟɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ ɢ ɞɚɧɧɵɦɢ 1ɇ, 
13ɋ ɢ 119Sn – əɆɊ ɫɩɟɤɬɪɨɜ. ɋɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɧɚɥɨɝɢɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɢɧɵɯ ɦɨɧɨ - ɢ ɛɢɞɟɧɬɚɬɧɵɯ ɥɢɝɚɧɞɨɜ ɩɪɨɞɨɥɠɚɟɬɫɹ. 
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ɋɍɆɆȺɊɇɕɏ ɅɂɉɂȾɈȼ ɏȼɈɂ Larix sibirica ɂ Larix gmelinii 
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ɂɡɭɱɟɧ ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ (ɀɄ) ɫɨɫɬɚɜ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ Larix sibirica ɢ Larix gmelinii. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɀɄ-ɫɨɫɬɚɜ ɥɢɩɢɞɨɜ ɯɜɨɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɜɟɝɟɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ (ɢɸɧɶ−ɫɟɧɬɹɛɪɶ). ȼ ɫɨɫɬɚɜɟ ɀɄ 
ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɧɟɧɚɫɵɳɟɧɧɵɟ ɩɨɥɢɦɟɬɢɥɟɧ-ɪɚɡɞɟɥɟɧɧɵɟ ɀɄ (Δ5-

UPIFA; ɩɢɧɨɥɟɧɨɜɚɹ, ɫɤɢɚɞɨɧɨɜɚɹ, ɤɨɧɢɮɟɪɨɧɨɜɚɹ ɢ ɞɪ.). Ⱦɢɧɚɦɢɤɚ ɫɨɞɟɪɠɚɧɢɹ ɉɇɀɄ ɭ ɨɛɨɢɯ ɜɢɞɨɜ ɥɢɫɬɜɟɧɧɢɰ 
ɢɦɟɥɚ ɨɛɳɭɸ ɬɟɧɞɟɧɰɢɸ, ɩɪɢ ɷɬɨɦ ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɉɇɀɄ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ ɭ L. sibirica ɛɵɥɨ ɧɟɫɤɨɥɶɤɨ 
ɜɵɲɟ, ɱɟɦ ɭ L. gmelinii. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɵɹɜɥɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɀɄ ɫɭɦɦɚɪɧɵɯ 
ɥɢɩɢɞɨɜ ɯɜɨɢ L. sibirica ɢ L. gmelinii ɜ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ ɜɟɝɟɬɚɰɢɢ ɦɨɝɭɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɨɫɨɛɟɧɧɨɫɬɹɯ 
ɜɢɞɨɫɩɟɰɢɮɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ ɯɜɨɣɧɵɯ ɜ ɭɫɥɨɜɢɹɯ ɘɝɚ 
ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ. 

The fatty acid composition of the total lipids of the needles Larix sibirica and Larix gmelinii was studied. It is shown that 

the fatty acid composition of needle varies during the growing season (June-September). The unsaturated polymethylene-

separated fatty acids (Δ5-UPIFA) were identified in the composition of the fatty acid total needle of the species under study. 

The dynamics of Δ5-UPIFA content in both species of larch had a general tendency, while the total Δ5-UPIFA content of total 

lipids of needles in L. sibirica was slightly higher than in L. gmelinii. It is assumed that the revealed differences in the relative 

content of fatty acid total lipids of the needles L. sibirica and L. gmelinii during the vegetative period indicate the 

peculiarities of the species-specific stability of the photosynthetic apparatus of the conifer species under study in the South of 

Eastern Siberia. 

 

ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɚɞɚɩɬɚɰɢɢ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢɝɪɚɸɬ ɥɢɩɢɞɵ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ 
ɫɬɪɭɤɬɭɪɧɭɸ ɨɫɧɨɜɭ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ ɢ ɜɵɩɨɥɧɹɸɬ ɜɚɠɧɵɟ ɮɭɧɤɰɢɢ: ɬɪɚɧɫɩɨɪɬ ɜɟɳɟɫɬɜ, 
ɪɟɰɟɩɰɢɸ, ɢ ɬɪɚɧɫɞɭɤɰɢɸ ɫɢɝɧɚɥɨɜ, ɦɟɠɤɥɟɬɨɱɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɞɪ. [1]. ȼ ɨɬɜɟɬ ɧɚ ɞɟɣɫɬɜɢɟ 
ɫɬɪɟɫɫɨɪɨɜ ɩɪɨɢɫɯɨɞɹɬ ɤɚɱɟɫɬɜɟɧɧɵɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ (ɀɄ) 
ɦɟɦɛɪɚɧɧɵɯ ɥɢɩɢɞɨɜ. ɗɬɢ ɢɡɦɟɧɟɧɢɹ ɧɨɫɹɬ ɩɪɢɫɩɨɫɨɛɢɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɜɵɠɢɜɚɟɦɨɫɬɶ ɪɚɫɬɟɧɢɣ ɜ ɢɡɦɟɧɹɸɳɢɯɫɹ ɭɫɥɨɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ [2]. ɀɄ-ɫɨɫɬɚɜ ɥɢɩɢɞɨɜ ɢ, 
ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɭɪɨɜɟɧɶ ɧɟɧɚɫɵɳɟɧɧɨɫɬɢ ɀɄ ɜ ɥɢɩɢɞɚɯ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɟ 
ɦɟɦɛɪɚɧɵ, ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [3, 4]. 
Ɇɟɦɛɪɚɧɵ ɬɢɥɚɤɨɢɞɨɜ ɥɢɫɬɶɟɜ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɱɟɧɶ ɜɵɫɨɤɢɦ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɵɯ ɀɄ (ɛɨɥɟɟ 80%) [1]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɢɧɟɧɚɫɵɳɟɧɧɵɟ ɀɄ ɜɚɠɧɵ ɞɥɹ 
ɮɨɬɨɫɢɧɬɟɡɚ [3], ɚ ɬɪɢɧɟɧɚɫɵɳɟɧɧɵɟ − ɞɥɹ ɫɛɨɪɤɢ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɯɥɨɪɨɩɥɚɫɬɨɜ ɜ 
ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ [5].  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɜɵɹɜɥɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɨɫɬɚɜɚ ɢ ɞɢɧɚɦɢɤɢ ɀɄ ɫɭɦɦɚɪɧɵɯ 
ɥɢɩɢɞɨɜ ɯɜɨɢ L. sibirica ɢ L. gmelinii ɜ ɭɫɥɨɜɢɹɯ ɜɟɝɟɬɚɰɢɢ. 

Ɇɚɬɟɪɢɚɥ ɞɥɹ ɢɡɭɱɟɧɢɹ ɀɄ–ɫɨɫɬɚɜɚ ɥɢɩɢɞɨɜ ɯɜɨɢ L. sibirica ɢ L. gmelinii ɫɨɛɢɪɚɥɢ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɧɚɫɚɠɞɟɧɢɢ ɯɜɨɣɧɵɯ ɩɨɪɨɞ, ɡɚɥɨɠɟɧɧɨɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɂɎɂȻɊ ɋɈ ɊȺɇ. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɯɜɨɟ ɛɪɚɯɢɛɥɚɫɬɨɜ L. sibirica ɢ L. gmelinii ɫ ɞɟɪɟɜɶɟɜ 25-ɥɟɬɧɟɝɨ 
ɜɨɡɪɚɫɬɚ ɫ ɩɨɛɟɝɨɜ ɸɠɧɨɣ ɱɚɫɬɢ ɤɪɨɧɵ. Ɇɟɬɢɥɨɜɵɟ ɷɮɢɪɵ ɀɄ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ, ɨɩɢɫɚɧɧɵɦ ɜ 
ɪɚɛɨɬɟ [6]. Ⱦɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɱɢɫɬɤɭ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɀɄ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ Ɍɋɏ ɧɚ 
ɩɥɚɫɬɢɧɤɚɯ ɫ ɫɢɥɢɤɚɝɟɥɟɦ ɄɋɄ (Ɋɨɫɫɢɹ); ɩɨɞɜɢɠɧɨɣ ɮɚɡɨɣ ɫɥɭɠɢɥ ɛɟɧɡɨɥ. Ⱥɧɚɥɢɡ ɦɟɬɢɥɨɜɵɯ 
ɷɮɢɪɨɜ ɀɄ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ Ƚɀɏ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɚ 
5973N/6890N MSD/DS (“Agilent Technologies”, ɋɒȺ). ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɀɄ 
ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ NIST 05 [7, 
8] ɢ ɫɬɚɧɞɚɪɬɨɜ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɀɄ (standard Mix C8-C24, “Sigma”, ɋɒȺ).  

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɀɄ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɚɥɢɡɚɰɢɢ – ɜ ɦɚɫɫɨɜɵɯ 
ɩɪɨɰɟɧɬɚɯ (% ɦɚɫɫ) ɨɬ ɨɛɳɟɝɨ ɢɯ ɫɨɞɟɪɠɚɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɪɚɡɰɟ, ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɨɬɤɥɢɤɚ ɀɄ. ȼ ɬɚɛɥɢɰɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɢɡ 3-6 ɩɨɜɬɨɪɧɨɫɬɟɣ ɢ ɢɯ ɫɬɚɧɞɚɪɬɧɵɟ ɨɬɤɥɨɧɟɧɢɹ. 
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Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɚɡɥɢɱɢɣ ɫɪɚɜɧɢɜɚɟɦɵɯ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ t-ɤɪɢɬɟɪɢɹ 
ɋɬɶɸɞɟɧɬɚ (Ɋ < 0,05). 

ȼ ɫɨɫɬɚɜɟ ɧɚɫɵɳɟɧɧɵɯ ɀɄ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ L. gmelinii ɩɪɟɨɛɥɚɞɚɥɚ ɩɚɥɶɦɢɬɢɧɨɜɚɹ 
(ɋ16:0) ɤɢɫɥɨɬɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɣ ɜɚɪɶɢɪɨɜɚɥɨ ɜ ɪɚɡɧɵɟ ɦɟɫɹɰɵ ɜɟɝɟɬɚɰɢɢ ɨɬ 
22.0 ɞɨ 25.5 % (ɬɚɛɥ.1). ȼ ɫɨɫɬɚɜɟ ɧɚɫɵɳɟɧɧɵɯ ɀɄ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ L. sibirica ɬɚɤɠɟ 
ɩɪɟɨɛɥɚɞɚɥɚ ɩɚɥɶɦɢɬɢɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɧɨ ɜ ɩɟɪɜɵɟ ɞɜɚ ɦɟɫɹɰɚ ɜɟɝɟɬɚɰɢɢ (ɢɸɧɶ-ɢɸɥɶ) ɟɟ 
ɫɨɞɟɪɠɚɧɢɟ ɛɵɥɨ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ (19.3–20.6%), ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ L. gmelinii.  

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɀɄ ɜ ɧɚɱɚɥɟ ɜɟɝɟɬɚɰɢɢ ɜ ɯɜɨɟ L. gmelinii ɫɨɫɬɚɜɥɹɥɨ 
32.45% (ɢɸɧɶ) ɢ ɧɟɫɤɨɥɶɤɨ ɭɦɟɧɶɲɢɥɨɫɶ ɞɨ 30.17% ɜ ɢɸɥɟ, ɡɚɬɟɦ ɭɜɟɥɢɱɢɥɨɫɶ ɞɨ 33.64% ɜ 
ɚɜɝɭɫɬɟ, ɩɨɫɥɟ ɱɟɝɨ ɭɦɟɧɶɲɚɥɨɫɶ ɜ ɫɟɧɬɹɛɪɟ ɞɨ 29.02%, ɩɪɢ ɷɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɋ16:0 ɛɵɥɨ ɦɚɤɫɢɦɚɥɶɧɵɦ ɜ ɢɸɧɟ (25.5%) (ɬɚɛɥ.1). ɍ L. sibirica  ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɧɚɫɵɳɟɧɧɵɯ ɀɄ ɢɦɟɥɨ ɩɨɞɨɛɧɭɸ ɞɢɧɚɦɢɤɭ ɜ ɬɟɱɟɧɢɟ ɜɟɝɟɬɚɰɢɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɩɚɥɶɦɢɬɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɭ L. sibirica ɨɬɦɟɱɚɥɨɫɶ ɜ ɚɜɝɭɫɬɟ. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɞɪɭɝɢɯ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɯ ɇɀɄ, ɬɚɤɢɯ ɤɚɤ ɚɪɚɯɢɧɨɜɚɹ (ɋ20:0) ɢ ɛɟɝɟɧɨɜɚɹ ɛɵɥɨ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɢ ɧɟ ɨɬɥɢɱɚɥɨɫɶ ɜɵɪɚɠɟɧɧɨɣ ɞɢɧɚɦɢɤɨɣ ɭ ɨɛɨɢɯ ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ. ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɀɄ (ɋ20:0 ɢ ɋ22:0) ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɮɨɬɨɫɢɧɬɟɡɢɪɭɸɳɢɯ ɬɤɚɧɹɯ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ 
ɝɨɥɨɫɟɦɟɧɧɵɯ ɪɚɫɬɟɧɢɣ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɤɪɵɬɨɫɟɦɟɧɧɵɯ [9]. 

Ɍɚɛɥɢɰɚ 1.  
ɉɨɤɚɡɚɬɟɥɢ ɀɄ–ɫɨɫɬɚɜɚ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ L. gmelinii ɢ L. sibirica 

 C16:0 C18:1ɷ9 C18:2ɷ6 C18:3ɷ3 ODR LDR ɂɇ ∑Δ5UPIFA ∑ɇɀɄ ∑ɉɇɀɄ 

L. gmelinii 

ɂɸɧɶ 25.5±2.3 7.0±0.5 10.0±0.8 34.4±3.7 0,86 0,76 1,71 6,78 32,45 67,55 

ɂɸɥɶ 23.4±2.0 6.3±0.7 9.5±0.9 39.1±4.2 0,86 0,79 1,97 5,50 30,17 69,82 

Ⱥɜɝɭɫɬ    
24.0±3.0 

   
6.2±0.7 

   
9.3±1.0 

   
36.3±4.1 

0,87 0,75 1,82 8,84 33,64 66,36 

ɋɟɧɬɹɛɪɶ 22.0±0.2 3.5±0.4 7.8±0.8 45.5±5.0 0,92 0,83 1,95 8,46 29,02 70,97 

L. sibirica 

ɂɸɧɶ 19.3±0.2 5.7±0.6 9.2±0.1 45.6±4.8 0,90 0,82 1,70 6,14 25,31 74,68 

ɂɸɥɶ 20.6±3.4 4.5±0.5 8.7±0.9 45.5±5.3 0,91 0,82 1,78 6,00 26,90 73,10 

Ⱥɜɝɭɫɬ 23.8±4.6 3.5±0.4 6.9±0.7 43.9±4.7 0,92 0,85 1,73 5,84 34,12 65,87 

ɋɟɧɬɹɛɪɶ 21.5±2.4 4.9±0.5 7.3±0.8 45.8±5.4 0,91 0,84 1,96 8,65 28,33 71,67 

 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɬɟɚɪɢɧɨɜɨɣ (ɋ18:0) ɤɢɫɥɨɬɵ ɜ ɫɨɫɬɚɜɟ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ 

ɨɛɨɢɯ ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ ɭɜɟɥɢɱɢɜɚɥɨɫɶ ɜ ɢɸɥɟ, ɞɨɫɬɢɝɚɥɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɚɜɝɭɫɬɟ ɢ 
ɫɧɢɠɚɥɨɫɶ ɤ ɤɨɧɰɭ ɩɟɪɢɨɞɚ ɜɟɝɟɬɚɰɢɢ ɜ ɫɟɧɬɹɛɪɟ. Ⱦɢɧɚɦɢɤɚ ɫɨɞɟɪɠɚɧɢɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 
ɢɦɟɥɚ ɨɛɳɭɸ ɬɟɧɞɟɧɰɢɸ ɫ ɞɢɧɚɦɢɤɨɣ ɫɨɞɟɪɠɚɧɢɹ ɚɪɚɯɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɭ L. gmelinii ɢ L. sibirica. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɟɟ ɷɥɨɧɝɚɰɢɟɣ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɯ ɋ20:0 ɢ ɋ22:0 ɤɢɫɥɨɬ, ɬɚɤ ɢ ɫ ɟɟ ɞɟɫɚɬɭɪɚɰɢɟɣ ɫɬɟɚɪɨɢɥ-ȺɉȻ 
Δ9-ɞɟɫɚɬɭɪɚɡɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɥɟɢɧɨɜɨɣ (18:1ɷ9) ɤɢɫɥɨɬɵ [11].  

ɋɪɟɞɢ ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɵɯ ɀɄ ɭ ɨɛɨɢɯ ɜɢɞɨɜ ɩɪɟɨɛɥɚɞɚɥɚ α-ɥɢɧɨɥɟɧɨɜɚɹ (C18:3ɷ3) ɤɢɫɥɨɬɚ. 
ȿё ɫɨɞɟɪɠɚɧɢɟ ɫɨɫɬɚɜɥɹɥɨ ɨɬ 34.4 % ɞɨ 45.8 % ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɢ ɞɢɧɚɦɢɤɚ ɫɨɞɟɪɠɚɧɢɹ α-
ɥɢɧɨɥɟɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɯɜɨɟ L. gmelinii ɢ L. sibirica ɜ ɬɟɱɟɧɢɟ ɜɟɝɟɬɚɰɢɢ ɛɵɥɚ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɢɡɦɟɧɧɚ (ɬɚɛɥ.1). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɢɸɧɟ, ɢɸɥɟ ɢ ɚɜɝɭɫɬɟ ɫɨɞɟɪɠɚɧɢɟ α-ɥɢɧɨɥɟɧɨɜɨɣ 
ɤɢɫɥɨɬɵ ɭ L. sibirica ɛɵɥɨ ɜɵɲɟ, ɱɟɦ ɭ L. gmelinii. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɥɢɧɨɥɟɜɨɣ 
(C18:2ɷ6) ɤɢɫɥɨɬɵ ɫɨɫɬɚɜɥɹɥɨ 6.9–10.0 %, ɞɢɧɚɦɢɤɚ ɟɟ ɫɨɞɟɪɠɚɧɢɹ ɭɦɟɧɶɲɚɥɚɫɶ ɫ ɢɸɧɹ ɩɨ 
ɫɟɧɬɹɛɪɶ ɭ ɨɛɨɢɯ ɜɢɞɨɜ. Ⱦɢɧɚɦɢɤɚ ɫɨɞɟɪɠɚɧɢɹ ɨɥɟɢɧɨɜɨɣ (C18:1ɷ9) ɤɢɫɥɨɬɵ ɞɥɹ ɨɛɨɢɯ 
ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ ɛɵɥɚ ɨɞɢɧɚɤɨɜɚ ɜ ɩɟɪɢɨɞ ɫ ɢɸɧɹ ɩɨ ɚɜɝɭɫɬ ɢ ɨɬɦɟɱɚɥɚɫɶ ɩɨɫɬɟɩɟɧɧɵɦ 
ɭɦɟɧɶɲɟɧɢɟɦ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɞɥɹ L. gmelinii ɛɵɥɨ ɩɨɤɚɡɚɧɨ 
ɦɢɧɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɫɟɧɬɹɛɪɟ (3.5%), ɚ ɞɥɹ L. sibirica – ɜ ɚɜɝɭɫɬɟ 
(3.5%), ɩɨɫɥɟ ɱɟɝɨ ɜ ɫɟɧɬɹɛɪɟ ɭɜɟɥɢɱɢɥɨɫɶ ɞɨ 4.9%. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɭ L. gmelinii ɢ L. sibirica ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɢɸɧɟ (7.0 ɢ 5.7% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɫɥɭɠɢɬ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɫɢɧɬɟɡɚ ɧɟ ɬɨɥɶɤɨ ɥɢɧɨɥɟɜɨɣ ɢ α-
ɥɢɧɨɥɟɧɨɜɨɣ ɤɢɫɥɨɬ, ɧɨ ɢ ɞɥɹ ɫɢɧɬɟɡɚ Δ5-ɧɟɧɚɫɵɳɟɧɧɵɯ ɩɨɥɢɦɟɬɢɥɟɧɨɜɵɯ ɀɄ ɜ ɦɟɦɛɪɚɧɚɯ 
ɯɜɨɢ ɭ ɯɜɨɣɧɵɯ ɪɚɫɬɟɧɢɣ [12]. ɍ L. gmelinii ɢ L. sibirica ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɬɚɤɢɟ Δ5-
ɧɟɧɚɫɵɳɟɧɧɵɟ ɩɨɥɢɦɟɬɢɥɟɧɨɜɵɟ ɀɄ, ɤɚɤ ɩɢɧɨɥɟɧɨɜɚɹ ɤɢɫɥɨɬɚ (C18:3Δ5,9,12), Δ5-
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ɨɤɬɚɞɟɤɚɬɟɬɪɚɟɧɨɜɚɹ (C18:4Δ5,9,12,15), ɫɤɢɚɞɨɧɨɜɚɹ (C20:3Δ5,11,14) ɢ ɸɧɢɩɢɪɨɧɨɜɚɹ 
(C20:4Δ5,11,14,17). Ⱦɢɧɚɦɢɤɚ ɫɨɞɟɪɠɚɧɢɹ Δ5-ɧɟɧɚɫɵɳɟɧɧɵɯ ɀɄ ɜ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɚɯ ɯɜɨɢ L. 

gmelinii ɢ L. sibirica ɛɵɥɚ ɨɞɢɧɚɤɨɜɨɣ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɜɟɝɟɬɚɰɢɢ. ɉɪɢɫɭɬɫɬɜɢɟ Δ5-
ɩɨɥɢɦɟɬɢɥɟɧ ɪɚɡɞɟɥɟɧɧɵɯ ɤɢɫɥɨɬ ɜ ɯɜɨɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɥɢɩɢɞɨɜ 
ɯɜɨɣɧɵɯ [13]. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɞɢɧɚɦɢɤɭ ɫɨɞɟɪɠɚɧɢɹ ɉɇɀɄ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ L. gmelinii ɢ L. 

sibirica, ɨɬɦɟɬɢɥɢ, ɱɬɨ ɭ ɨɛɨɢɯ ɜɢɞɨɜ ɨɧɚ ɢɦɟɟɬ ɨɛɳɭɸ ɬɟɧɞɟɧɰɢɸ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɢɦɟɧɶɲɟɟ 
ɫɨɞɟɪɠɚɧɢɟ ɢɯ ɨɬɦɟɱɚɟɬɫɹ ɜ ɚɜɝɭɫɬɟ (ɬɚɛɥ.1). ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɉɇɀɄ ɭ L. gmelinii 
ɨɬɦɟɱɚɟɬɫɹ ɜ ɚɜɝɭɫɬɟ, ɚ ɭ L. sibirica – ɜ ɩɟɪɜɨɣ ɩɨɥɨɜɢɧɟ ɜɟɝɟɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, ɜ ɢɸɧɟ ɢ ɢɸɥɟ. 
ɉɪɢ ɷɬɨɦ ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɉɇɀɄ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ ɭ L. sibirica ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ, ɱɟɦ ɭ 
L. gmelinii. Ⱦɥɹ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ L. sibirica ɩɨɤɚɡɚɧɵ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ 
ɨɥɟɨɢɥ- ɢ ɥɢɧɨɥɟɢɥ-ɞɟɫɚɬɭɪɚɡɧɨɝɨ ɨɬɧɨɲɟɧɢɹ (ODR, LDR), ɱɟɦ ɭ L. gmelinii. Ⱥɧɚɥɢɡɢɪɭɹ 
ɞɢɧɚɦɢɤɭ ɢɧɞɟɤɫɚ ɧɟɧɚɫɵɳɟɧɧɨɫɬɢ (ɂɇ), ɜɵɹɜɢɥɢ ɨɛɳɭɸ ɬɟɧɞɟɧɰɢɸ ɟɝɨ ɢɡɦɟɧɟɧɢɹ ɜ ɩɟɪɢɨɞ 
ɜɟɝɟɬɚɰɢɢ. Ⱦɥɹ ɨɛɨɢɯ ɜɢɞɨɜ ɥɢɫɬɜɟɧɧɢɰ ɩɨɤɚɡɚɧɨ ɭɜɟɥɢɱɟɧɢɟ ɂɇ ɜ ɢɸɥɟ ɢ ɫɟɧɬɹɛɪɟ. ɉɪɢɱɟɦ, 
ɫɚɦɨɟ ɜɵɫɨɤɨɟ ɡɚ ɩɟɪɢɨɞ ɜɟɝɟɬɚɰɢɢ ɡɧɚɱɟɧɢɟ ɂɇ ɞɥɹ L. gmelinii ɨɬɦɟɱɟɧɨ ɜ ɢɸɥɟ, ɚ ɞɥɹ L. sibirica 

– ɜ ɫɟɧɬɹɛɪɟ. Ⱦɢɧɚɦɢɤɚ ɫɨɞɟɪɠɚɧɢɹ Δ5UPIFA ɬɚɤɠɟ ɢɦɟɥɚ ɨɞɢɧɚɤɨɜɭɸ ɬɟɧɞɟɧɰɢɸ ɞɥɹ ɨɛɨɢɯ 
ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ (ɬɚɛɥ.1). ɇɚɢɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ Δ5UPIFA ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɤɨɧɰɟ 
ɜɟɝɟɬɚɰɢɢ, ɭ L. sibirica – ɜ ɫɟɧɬɹɛɪɟ, ɭ L. gmelinii – ɜ ɚɜɝɭɫɬɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɵɹɜɥɟɧɧɵɟ ɪɚɡɥɢɱɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɀɄ ɫɭɦɦɚɪɧɵɯ ɥɢɩɢɞɨɜ ɯɜɨɢ L. sibirica ɢ L. gmelinii ɜ ɬɟɱɟɧɢɟ 
ɩɟɪɢɨɞɚ ɜɟɝɟɬɚɰɢɢ ɦɨɝɭɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɨɫɨɛɟɧɧɨɫɬɹɯ ɜɢɞɨɫɩɟɰɢɮɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ ɯɜɨɣɧɵɯ ɜ ɭɫɥɨɜɢɹɯ ɘɝɚ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ Ɏɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɟɤɬ № 16-34-00412. 
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Ɉɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ ɢ ɢɡɭɱɟɧɚ ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɹɞɚ ɩɪɨɢɡɜɨɞɧɵɯ 6-ɢɦɢɧɨ-2,7-

ɞɢɨɤɫɚɛɢɰɢɤɥɨ[3.2.1]ɨɤɬɚɧ-4,4,5-ɬɪɢɤɚɪɛɨɧɢɬɪɢɥɚ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɜɥɢɹɧɢɟ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɬɪɟɬɶɟɦ ɩɨɥɨɠɟɧɢɢ 
ɦɨɫɬɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

A series of 6-imino-2,7-dioxabicyclo[3.2.1]octane-4,4,5-tricarbonitrile derivatives was synthesized and the cytotoxic 

activity thereof was described. An influence of a substituent in the third position of a bicyclic system on the biological 

properties was analyzed. 

 
Ȼɢɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɠɟɫɬɤɢɦ ɭɝɥɟɪɨɞɧɵɦ ɫɤɟɥɟɬɨɦ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɦ 

ɨɞɧɨɡɧɚɱɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, 
ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɯ ɥɟɝɤɨɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɦɢɲɟɧɹɦɢ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜɟɳɟɫɬɜ ɦɨɫɬɢɤɨɜɨɝɨ ɫɬɪɨɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɇɚɦɢ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɪɹɞ ɤɚɪɤɚɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ – ɩɪɨɢɡɜɨɞɧɵɯ 6-ɢɦɢɧɨ- 
2,7-ɞɢɨɤɫɚɛɢɰɢɤɥɨ[3.2.1]ɨɤɬɚɧ-4,4,5-ɬɪɢɤɚɪɛɨɧɢɬɪɢɥɚ 2a-d ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɰɢɢ 1-(2-
ɨɤɫɨɰɢɤɥɨɝɟɤɫɢɥ)ɷɬɚɧ-1,1,2,2-ɬɟɬɪɚɤɚɪɛɨɧɢɬɪɢɥɚ 1 ɫ ɚɥɶɞɟɝɢɞɚɦɢ. Ⱦɥɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ 2 ɦɟɬɨɞɨɦ MTT-ɬɟɫɬɚ ɧɚɦɢ ɛɵɥɚ ɢɡɭɱɟɧɚ ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ in vitro ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ HeLa (ɬɚɛɥ. 1).  

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɧɬɟɡɚ 

Ɍɚɛɥɢɰɚ 1 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ 2 

ɋɨɟɞɢɧɟɧɢɟ Ɂɚɦɟɫɬɢɬɟɥɶ R3 ȼɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ, ɱ IC50, μM 

2a H 

24 > 100 

48 23 

72 23 

2b Me 

24 > 100 

48 37 

72 37 

2c Ph 48 73 

2d 3-Py 48 79 

 
Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɪɹɞɭ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɟɳɟɫɬɜɨ 2ɚ ɨɛɥɚɞɚɟɬ ɫɚɦɵɦ 

ɫɢɥɶɧɵɦ ɩɨɞɚɜɥɹɸɳɢɦ ɤɥɟɬɨɱɧɵɣ ɪɨɫɬ ɞɟɣɫɬɜɢɟɦ. ɉɨɹɜɥɟɧɢɟ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɬɪɟɬɶɟɦ ɩɨɥɨɠɟɧɢɢ 
ɦɨɫɬɢɤɨɜɨɣ ɫɢɫɬɟɦɵ (ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɢɥɶɧɵɣ, ɮɟɧɢɥɶɧɵɣ ɢ ɩɢɪɢɞ-3-ɢɥɶɧɵɣ 
ɮɪɚɝɦɟɧɬɵ) ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɟɳɟɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ 
ɩɨɥɭɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɧɝɢɛɢɪɨɜɚɧɢɹ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɚɫɩɢɪɚɧɬɨɜ 
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ɍȾɄ 543.57 
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ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɫɥɨɠɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɚɪɝɚɧɰɚ (II) ɫ ɫɟɪɢɧɨɦ ɢ ɤɚɪɛɚɦɢɞɨɦ (L1- ɫɟɪɢɧ (C3H7NO3), L2-ɤɚɪɛɚɦɢɞ 

((NH2)2CO), [MnL1L2Cl2], [MnL1L2(H2O)2]Cl2 ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ. ɋ ɩɨɦɨɳɶɸ ɯɢɦɢɱɟɫɤɨɝɨ, ɂɄ-ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢ 
ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɵ ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɋɟɡɭɥɶɬɚɬɵ 
ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɯ ɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɨɰɟɫɫ ɬɟɪɦɨɪɚɫɩɚɞɚ ɤɨɦɩɥɟɤɫɨɜ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɪɢ ɷɬɚɩɚ ɢ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɬɪɟɬɢɣ ɷɬɚɩ ɬɟɪɦɨɥɢɡɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɤɢɫɥɟɧɢɟɦ ɦɚɪɝɚɧɰɚ(II) ɞɨ 
ɦɚɪɝɚɧɰɚ(III). 

The manganese (II) complexes with serin and ɫarbamid (L1–serin(C3H7NO3), L2-ɫarbamid ((NH2)2CO), [MnL1L2Cl2], 

[MnL1L2(H2O)2]Cl2) have been synthesized in different media. By methods of chemical, IR-spectral and thermogravimetric 

analysis the composition and structure of obtained complexes were established. The results of thermogravimetric and X-ray 

diffraction studies showed that the process of thermal decomposition of complexes takes place in three stages and in all cases 

the third stage of thermolysis is accompanied by oxidation of manganese (II) to Mn (III). 

 

Ʉɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɪɚɡɥɢɱɧɨɣ 
ɤɨɨɪɞɢɧɚɰɢɟɣ ɫ ɥɢɝɚɧɞɚɦɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɟɞɢɰɢɧɟ ɜ ɤɚɱɟɫɬɜɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ ɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ, ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɧɬɟɪɟɫ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɨɪɝɚɧɢɡɦɟ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɢɡ ɬɚɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɦɟɲɚɧɧɨɥɢɝɚɧɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɫ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ ɢ ɤɚɪɛɚɦɢɞɚɦɢ, 
ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɨɜɵɣ ɤɥɚɫɫ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɜ 
ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɪɚɡɥɢɱɧɵɟ ɩɨ ɫɜɨɟɣ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɦɭ ɞɟɣɫɬɜɢɸ ɜɟɳɟɫɬɜɚ. 
Ƚɟɬɟɪɨɥɢɝɚɧɞɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɫɦɟɲɚɧɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɥɢɝɚɧɞɨɜ, ɤɨɪɪɟɤɬɢɪɭɸɬ 
ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɝɥɚɜɧɵɦ 
ɨɛɪɚɡɨɦ, ɤɨɦɩɥɟɤɫɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɚɦɢɧɚɦɢ, ɮɨɫɮɢɧɚɦɢ, ɤɚɪɛɨɧɨɜɵɦɢ 
ɤɢɫɥɨɬɚɦɢ, ɹɜɥɹɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɧɵɯ ɢɥɢ ɠɟ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɥɨɠɤɚɯ. Ɉɞɧɚɤɨ, ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɡɥɨɠɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ ɢ ɦɧɨɝɢɟ ɜɨɩɪɨɫɵ ɨ 
ɩɭɬɹɯ ɬɟɪɦɨɪɚɫɩɚɞɚ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɨɫɬɚɸɬɫɹ ɦɚɥɨ ɢɡɭɱɟɧɧɵɦɢ [1-3].  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɩɪɨɰɟɫɫ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɩɪɨɬɟɤɚɟɬ ɜ ɬɪɢ ɷɬɚɩɚ, ɚ ɤɨɧɟɱɧɵɦ ɩɪɨɞɭɤɬɨɦ 
ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɤɫɢɞ ɦɚɪɝɚɧɰɚ. [4]. Ƚɟɬɪɨɥɢɝɚɧɞɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ 
ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨ ɫɦɟɲɚɧɧɵɦɢ ɥɢɝɚɧɞɚɦɢ, ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɩɪɨɰɟɫɫ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɡɥɨɠɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ. ɉɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɤɨɦɩɥɟɤɫɨɜ ɬɚɤɨɝɨ ɬɢɩɚ ɚɧɨɦɚɥɢɣ ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ. ɉɪɢ ɪɚɡɥɨɠɟɧɢɢ ɤɨɦɩɥɟɤɫɚ ɫɨ ɫɦɟɲɚɧɧɵɦɢ ɥɢɝɚɧɞɚɦɢ ɫɨɫɬɚɜɚ [MnL1L2(H2O)2]Cl2 
ɩɪɨɰɟɫɫ ɪɚɡɥɨɠɟɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ 1700 ɋ ɢ ɡɚɜɟɪɲɚɟɬɫɹ ɜ ɬɪɢ ɷɬɚɩɚ, ɢ ɤɨɧɟɱɧɵɦ ɩɪɨɞɭɤɬɨɦ 
ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ɹɜɥɹɟɬɫɹ Mn2O3. Ɋɚɡɥɨɠɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɫɨɫɬɚɜɚ [MnL1L2Cl2] ɧɚɱɢɧɚɟɬɫɹ 
ɩɪɢ 2000ɋ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚɱɢɧɚɟɬɫɹ ɞɟɫɬɪɭɤɰɢɹ ɤɨɦɩɥɟɤɫɚ, ɤɨɬɨɪɚɹ 
ɡɚɜɟɪɲɚɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. ȼ ɂɄ ɫɩɟɤɬɪɟ ɤɨɦɩɥɟɤɫɚ ɯɚɪɚɤɬɟɪɧɚɹ ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ 1618 
ɫɦ-1 ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɦɨɥɟɤɭɥ (C=O) ɨɬɫɭɬɫɬɜɭɟɬ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ ɫɢɥɶɧɨɝɨ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (C=O) ɝɪɭɩɩ ɫ ɢɨɧɚɦɢ Mn2+ . 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɢ ɢɫɯɨɞɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɨɰɟɫɫɚ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ, ɤɨɧɟɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɥɢɫɶ ɨɤɫɢɞɵ ɦɚɪɝɚɧɰɚ. 
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ɂɫɫɥɟɞɨɜɚɧɚ ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ 2-ɨɤɫɨɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɨɜ – 

6-(ɬɪɟɬ-ɛɭɬɢɥ)-2-ɨɤɫɨ-1,2,5,6,7,8-ɝɟɤɫɚɝɢɞɪɨɯɢɧɨɥɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɚ ɢ 2-ɨɤɫɨ-2,5,6,7,8,9-ɝɟɤɫɚɝɢɞɪɨ-1H-

ɰɢɤɥɨɝɟɩɬɚ[b]ɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɚ.  

The cytotoxic activity of some representatives of 2-oxopyridine-3,4-dicarbonitriles – 6-(tert-butyl)-2-oxo-1,2,5,6,7,8-

hexahydroquinoline-3,4-dicarbonitrile and 2-oxo-2,5,6,7,8,9-hexahydro-1H-cyclohepta[b]pyridine-3,4-dicarbonitrile has 

been studied. 

 
ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɫɜɟɞɟɧɢɹ ɨ ɫɢɧɬɟɡɟ ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ 2-ɨɤɫɨɩɢɪɢɞɢɧ-3,4-

ɞɢɤɚɪɛɨɧɢɬɪɢɥɨɜ [1,2]. Ⱦɚɧɧɵɟ ɝɟɬɟɪɨɰɢɤɥɵ ɭɞɨɛɧɨ ɩɨɥɭɱɚɬɶ ɢɡ 4-ɨɤɫɨɚɥɤɚɧ-1,1,2,2-
ɬɟɬɪɚɤɚɪɛɨɧɢɬɪɢɥɨɜ, ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɢɫɥɨɬɚɦɢ (ɪɢɫ. 1).  

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ 2-ɨɤɫɨɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɨɜ 

 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ ɰɢɚɧɨɫɨɞɟɪɠɚɳɢɟ ɩɢɪɢɞɨɧɵ, ɨɛɥɚɞɚɸɳɢɟ ɩɪɨɬɢɜɨɪɚɤɨɜɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ [3,4]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɛɵɥɚ ɢɡɭɱɟɧɚ ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ 
2-ɨɤɫɨɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɨɜ ɧɚ ɞɜɭɯ ɩɪɟɞɫɬɚɜɢɬɟɥɹɯ – 6-(ɬɪɟɬ-ɛɭɬɢɥ)-2-ɨɤɫɨ-1,2,5,6,7,8-
ɝɟɤɫɚɝɢɞɪɨɯɢɧɨɥɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɟ 1 ɢ 2-ɨɤɫɨ-2,5,6,7,8,9-ɝɟɤɫɚɝɢɞɪɨ-1H-
ɰɢɤɥɨɝɟɩɬɚ[b]ɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɟ 2 (ɪɢɫ. 2). 

 

 
 

Ɋɢɫ. 2. 6-(Ɍɪɟɬ-ɛɭɬɢɥ)-2-ɨɤɫɨ-1,2,5,6,7,8-ɝɟɤɫɚɝɢɞɪɨɯɢɧɨɥɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥ 1 ɢ  
2-ɨɤɫɨ-2,5,6,7,8,9-ɝɟɤɫɚɝɢɞɪɨ-1H-ɰɢɤɥɨɝɟɩɬɚ[b]ɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥ 2 

 
Ⱥɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 2-ɨɤɫɨɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɨɜ 1, 2 ɢɫɫɥɟɞɨɜɚɧɚ ɜ 

ɇɚɰɢɨɧɚɥɶɧɨɦ ɢɧɫɬɢɬɭɬɟ ɪɚɤɚ (ɋɒȺ). Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɟɥɶ in vitro, 
ɩɨɡɜɨɥɹɸɳɭɸ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɫɟɪɢɣ. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɧɚ 60 ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɨɩɭɯɨɥɟɣ ɥɟɝɤɢɯ, ɬɨɥɫɬɨɝɨ 
ɤɢɲɟɱɧɢɤɚ, ɦɨɡɝɚ, ɠɟɥɭɞɤɚ, ɹɢɱɧɢɤɨɜ, ɩɨɱɟɤ, ɩɪɟɞɫɬɚɬɟɥɶɧɨɣ ɠɟɥɟɡɵ, ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɚ ɬɚɤɠɟ 
ɥɟɣɤɟɦɢɢ ɢ ɦɟɥɚɧɨɦɵ ɱɟɥɨɜɟɤɚ. Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɪɨɫɬɚ 
ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ (ɜ %), ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ 10-6 Ɇ. ɇɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ (ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɨɤɨɥɨ 10% ɢ ɛɨɥɟɟ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1, 2. 
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Ɍɚɛɥɢɰɚ 1 
Ɋɟɡɭɥɶɬɚɬɵ ɚɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ  

6-(ɬɪɟɬ-ɛɭɬɢɥ)-2-ɨɤɫɨ-1,2,5,6,7,8-ɝɟɤɫɚɝɢɞɪɨɯɢɧɨɥɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɚ 1. 
№ Ʉɥɟɬɨɱɧɚɹ ɥɢɧɢɹ ɂɧɝɢɛɢɪɨɜɚɧɢɟ, % 

1. Ɋɚɤ ɤɢɲɟɱɧɢɤɚ HCT-15 8,33 

2. Ɋɚɤ ɦɨɡɝɚ SNB-75 8,72 

3. Ɋɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ MCF7 11,13 

4. Ɋɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ MDA-MB-468 7,20 

Ɍɚɛɥɢɰɚ 2 
Ɋɟɡɭɥɶɬɚɬɵ ɚɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ  

2-ɨɤɫɨ-2,5,6,7,8,9-ɝɟɤɫɚɝɢɞɪɨ-1H-ɰɢɤɥɨɝɟɩɬɚ[b]ɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥɚ 2. 
№ Ʉɥɟɬɨɱɧɚɹ ɥɢɧɢɹ ɂɧɝɢɛɢɪɨɜɚɧɢɟ, % 

1. Ɋɚɤ ɥɟɝɤɢɯ A549/ATCC 8,43 

2. Ɋɚɤ ɦɨɡɝɚ SNB-75 7,93 

3. Ɋɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ T-47D 12,1 

4. Ɋɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ MDA-MB-468 9,59 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 1, 6-(ɬɪɟɬ-ɛɭɬɢɥ)-2-ɨɤɫɨ-1,2,5,6,7,8-ɝɟɤɫɚɝɢɞɪɨɯɢɧɨɥɢɧ-3,4-

ɞɢɤɚɪɛɨɧɢɬɪɢɥ 1 ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɪɚɤɚ 
ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ MCF7 (ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɫɨɫɬɚɜɢɥɨ 11,13 %), ɚ 2-ɨɤɫɨ-2,5,6,7,8,9-
ɝɟɤɫɚɝɢɞɪɨ-1H-ɰɢɤɥɨɝɟɩɬɚ[b]ɩɢɪɢɞɢɧ-3,4-ɞɢɤɚɪɛɨɧɢɬɪɢɥ 2 – ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ T-47D 
(ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɫɨɫɬɚɜɢɥɨ 12,1 %).  

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɪɚɦɤɚɯ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ 
ɚɫɩɢɪɚɧɬɨɜ ɋɉ-2782.2015.4. 
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ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɫɟɥɟɧɩɪɨɢɡɜɨɞɧɵɟ ɭɪɚɰɢɥɚ, ɮɬɨɪ- ɢ ɦɟɬɢɥɭɪɚɰɢɥɨɜ. ɂɡɭɱɟɧɢɟ ɚɧɬɢɜɢɪɭɫɧɨɣ ɢ 

ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɟɦɚɧɬɚɞɢɧɚ ɫ ɭɪɚɰɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɜ ɰɟɩɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɫɥɟɞɧɢɣ 
ɧɟɣɬɪɚɥɢɡɭɟɬ ɢɧɮɟɤɰɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɝɪɢɩɩɚ ɱɭɦɵ ɩɬɢɰ.  

There were synthesized selenium derivatives of uracil, fluorine and methyluracils. The study of the antiviral and 

antibacterial activity of rimantadine with the uracil fragment in the chain showed that the latter neutralizes the infectious 

activity of influenza plague in birds.  

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɯɧɨɝɟɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɱɟɥɨɜɟɱɟɫɬɜɚ ɨɛɪɚɡɨɜɚɥɢɫɶ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ, ɱɬɨ 
ɩɪɢɜɟɥɨ ɤ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɬɚɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɤɚɤ ɜɢɪɭɫɧɵɟ ɝɟɩɚɬɢɬɵ, ɛɨɥɟɡɧɶ ɗɛɨɥɚ, ɜɢɪɭɫɨɜ 
ɩɬɢɱɶɟɝɨ ɢ ɫɜɢɧɨɝɨ ɝɪɢɩɩɚ, ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ ɫɟɪɞɟɱɧɨɫɨɫɭɞɢɫɬɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɪɚɤɚ, ɞɢɚɛɟɬɚ ɢ 
ɞɪ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɬɫɭɬɫɬɜɢɟ ɜ ɩɢɬɚɧɢɢ ɱɟɥɨɜɟɤɚ ɬɚɤɨɝɨ ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɞɥɹ ɪɨɫɬɚ ɤɥɟɬɨɤ ɦɢɤɪɨɷɥɟɦɟɧɬɚ, ɤɚɤ ɫɟɥɟɧ, ɢɝɪɚɟɬ ɨɫɨɛɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɨɱɟɧɶ ɦɧɨɝɢɯ 
ɛɨɥɟɡɧɟɣ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɡɚɞɚɱɟɣ, ɫɬɨɹɳɟɣ ɩɟɪɟɞ ɧɚɦɢ ɛɵɥɨ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɤɥɚɫɫɨɜ 
ɫɟɥɟɧɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɭɫɩɟɲɧɨ ɦɨɝɭɬ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɦɢ ɢ 
ɩɪɢɦɟɧɹɟɦɵɦɢ ɜ ɩɪɚɤɬɢɤɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɫ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɦɢ ɢ 
ɚɧɬɢɦɢɤɪɨɛɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ [1,2]. 

Ɉɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɜ ɩɨɢɫɤɟ ɚɧɬɢɜɢɪɭɫɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɚɧɬɢɦɟɬɚɛɨɥɢɬɨɜ, ɜ 
ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬ ɚɧɚɥɨɝɢ ɚɡɨɬɢɫɬɵɯ ɨɫɧɨɜɚɧɢɣ – ɩɢɪɢɦɢɞɢɧɨɜ. ȼ ɫɨɫɬɚɜ ɦɧɨɝɢɯ 
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɤɨɫɦɟɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɜɯɨɞɹɬ ɩɪɨɢɡɜɨɞɧɵɟ ɩɢɪɢɦɢɞɢɧɨɜ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɭɪɚɰɢɥ, ɮɬɨɪɭɪɚɰɢɥ ɢ ɦɟɬɢɥɭɪɚɰɢɥ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɛɢɨ- ɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ 
ɚɤɬɢɜɧɨɫɬɶɸ. 

ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧɵ ɭɞɨɛɧɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɧɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɜɜɟɞɟɧɢɟɦ ɜ ɷɬɢ ɫɨɟɞɢɧɟɧɢɹ 
ɚɥɤɢɥɶɧɵɯ ɢ ɫɟɥɟɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɩɨɫɪɟɞɫɬɜɨɦ ɫɟɥɟɧɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (SeO2, Na2Se, 
H2SeO3  ɢ ɬ.ɞ.): 
 

Na2Se + CCl4 + 2HNR1R2R3 Se = C(NR1R2R3)2  
 
 
 

ɝɞɟ  
 
 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɩɪɟɩɚɪɚɬ ɛɢɫ-(5-ɮɬɨɪɭɪɚɰɢɥɢɥ-1) ɫɟɥɟɧɨɨɤɫɨɦɟɬɚɧ ɩɨɞɜɟɪɝɚɥɫɹ ɨɛɲɢɪɧɵɦ 
ɤɥɢɧɢɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ ɜ ɨɧɤɨɰɟɧɬɪɚɯ Ɇɨɫɤɜɵ ɢ Ȼɚɤɭ, ɩɪɨɹɜɢɜ ɜɵɫɨɤɭɸ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ 
ɚɤɬɢɜɧɨɫɬɶ (ɞɨ 90% ɩɨɞɚɜɥɟɧɢɹ ɪɨɫɬɚ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɩɭɯɨɥɟɣ). 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɧɨɜɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜɧɟɞɪɟɧ ɜ ɭɱɟɛɧɵɣ ɢ ɧɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɩɪɨɰɟɫɫ ɜ Ɋɹɡɚɧɫɤɨɦ Ɇɟɞɢɰɢɧɫɤɨɦ ɂɧɫɬɢɬɭɬɟ ɢɦ. ɂ.ɉ. ɉɚɜɥɨɜɚ. 

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɫɢɧɬɟɡɭ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɛɥɚɞɚɸɳɢɯ 
ɚɧɬɢɜɢɪɭɫɧɵɦɢ ɢ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɢɡ ɝɪɭɩɩɵ ɚɞɚɦɚɧɬɚɧɚ, ɪɟɚɤɰɢɟɣ 
ɮɬɨɪɭɪɚɰɢɥɚ ɫ ɭɤɫɭɫɧɵɦ ɚɧɝɢɞɪɢɞɨɦ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɚɰɟɬɢɥɮɬɨɪɭɪɚɰɢɥ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɟɝɨ ɫ ɢɡɜɟɫɬɧɵɦ ɚɧɬɢɜɢɪɭɫɧɵɦ ɩɪɟɩɚɪɚɬɨɦ ɪɟɦɚɧɬɚɞɢɧɨɦ (ɚ-ɦɟɬɢɥ-1-
ɚɞɚɦɚɧɬɢɥɦɟɬɢɥɚɦɢɧɚ ɝɢɞɪɨɯɥɨɪɢɞ): 
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R = 1- (ɚɞɚɦɚɧɬɢɥ-1)ɷɬɢɥ, NH2 
 

Ⱥɧɬɢɜɢɪɭɫɧɭɸ ɢ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢɡɭɱɚɥɢ ɜ ɤɭɥɶɬɭɪɟ ɤɚɤ ɩɟɪɜɢɱɧɨ-
ɬɪɢɩɫɢɧɢɡɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɤɭɪɢɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ, ɬɚɤ ɢ ɤɭɪɢɧɵɯ ɷɦɛɪɢɨɧɨɜ ɧɚ ɦɨɞɟɥɢ ɜɢɪɭɫɚ 
ɝɪɢɩɩɚ ɱɭɦɵ ɩɬɢɰ (ɲɬɚɦɦ ȼɟɣɛɪɢɞɠɚ). 

ɉɨɥɭɱɟɧɧɵɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɞɚɧɧɵɟ ɜɵɹɜɢɥɢ, ɱɬɨ ɪɟɦɚɧɬɚɞɢɧ ɫ ɭɪɚɰɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɜ 
ɰɟɩɢ ɡɚɞɟɪɠɢɜɚɟɬ ɪɟɩɪɨɞɭɤɰɢɸ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɜ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ, ɬɨ ɟɫɬɶ ɧɟɣɬɪɚɥɢɡɭɟɬ 
ɢɧɮɟɤɰɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜɢɪɭɫɚ. 
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ɦɟɬɨɞɚɦɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɤɚɬɢɨɧ-ɪɚɞɢɤɚɥɚ ABTS ɢ ɰɢɤɥɢɱɟɫɤɨɣ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ. 
The determination of the antioxidant activity of a number of medicinal plants extracts is compared by methods of model 

cation-radical inhibiting ABTS and cyclic voltammetry. 

 
ȼ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ 

ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ, ɨɛɥɚɞɚɸɳɢɯ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɪɨɜɟɞɟɧɚ 
ɨɰɟɧɤɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ (ȺɈȺ) ɪɹɞɚ ɨɛɪɚɡɰɨɜ ɞɜɭɦɹ ɧɟɡɚɜɢɫɢɦɵɦɢ ɦɟɬɨɞɚɦɢ: 
 TEAC (Trolox equivalent antioxidant capacity), ɜ ɤɨɬɨɪɨɦ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɤɚɬɢɨɧ-ɪɚɞɢɤɚɥɚ ABTS (2,2'-ɚɡɢɧɨ-ɛɢɫ(3-ɷɬɢɥɛɟɧɡɨɬɢɚɡɨɥɢɧ-6-
ɫɭɥɶɮɨɧɨɜɚɹ ɤɢɫɥɨɬɚ)) ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ ɢ ɫɬɚɧɞɚɪɬɨɦ (ɬɪɨɥɨɤɫ – ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɣ ɚɧɚɥɨɝ 
ɜɢɬɚɦɢɧɚ ȿ - 6-ɝɢɞɪɨɤɫɢ-2,5,7,8-ɬɟɬɪɚɦɟɬɢɥɯɪɨɦɚɧ-2-ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ);  
 ɐȼȺ - ɰɢɤɥɢɱɟɫɤɚɹ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɹ ɧɚ ɫɬɟɤɥɨɭɝɥɟɪɨɞɧɨɦ ɷɥɟɤɬɪɨɞɟ. 
Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
 ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɢɥɢ ɜɢɬɚɦɢɧ ɋ (- Ʌɚɤɬɨɧ 2,3-ɞɟɝɢɞɪɨ-L-ɝɭɥɨɧɨɜɨɣ ɤɢɫɥɨɬɵ) 

- ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ; 
 ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ (ɬɚɤɫɢɮɨɥɢɧ; 3,3',4',5,7-ɩɟɧɬɚɝɢɞɪɨɤɫɢɮɥɚɜɚɧɨɧ) 
- ɮɥɚɜɨɧɨɢɞ ɞɪɟɜɟɫɢɧɵ ɥɢɫɬɜɟɧɧɢɰɵ ɫɢɛɢɪɫɤɨɣ (Larix sibirica), ɢɥɢ ɞɚɭɪɫɤɨɣ (L.daurica); 
 ɥɢɝɧɚɧɵ ɫɟɦɹɧ ɥɶɧɚ ɦɚɫɥɢɱɧɨɝɨ 

- ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɫɟɤɨɢɡɨɥɚɪɢɰɢɪɟɡɢɧɨɥɚ ɞɢɝɥɸɤɨɡɢɞ (ɋȾȽ) ɢɥɢ (+)-
[2R,2’R]-ɛɢɫ-[(4-ɝɢɞɪɨɤɫɢ-3-ɦɟɬɨɤɫɢ)ɦɟɬɢɥ]-1,4-ɛɭɬɚɧɞɢɢɥ-ɛɢɫ(β-ɝɥɸɤɨɩɢɪɚɧɨɡɢɞ); 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ ɤɨɦɦɟɪɱɟɫɤɢɟ ɩɪɟɩɚɪɚɬɵ, ɩɪɨɢɡɜɟɞёɧɧɵɟ ɈɈɈ «ɄɢɌ» 
(ɝ.Ȼɢɣɫɤ, Ⱥɥɬɚɣɫɤɢɣ ɤɪɚɣ) ɢ ɈɈɈ «ɗɤɫɬɪɚɤɬɵ Ⱥɥɬɚɹ» (ɝ.Ȼɚɪɧɚɭɥ). 
 ɷɤɫɬɪɚɤɬ ɪɨɦɚɲɤɢ 

- ɫɨɞɟɪɠɢɬ ɜɢɬɚɦɢɧɵ (Ⱥ, ȼ, ɋ, ɊɊ), ɮɥɚɜɨɧɨɢɞɵ (ɚɩɢɝɟɧɢɧ, ɥɸɬɟɨɥɢɧ, ɤɜɟɪɰɟɬɢɧ, 
ɢɡɨɪɚɦɧɟɬɢɧ), ɤɭɦɚɪɢɧɵ, ɷɮɢɪɧɵɟ ɦɚɫɥɚ, ɯɨɥɢɧ, ɮɢɬɨɫɬɟɪɢɧɵ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ [1]; 
 ɱɟɪɧɨɩɥɨɞɧɨɣ ɪɹɛɢɧɵ (ɚɪɨɧɢɢ ɱɟɪɧɨɩɥɨɞɧɨɣ) 
- ɚɧɬɨɰɢɚɧɵ, ɮɥɚɜɨɧɨɢɞɵ (ɤɜɟɪɰɟɬɢɧ, ɪɭɬɢɧ), ɭɝɥɟɜɨɞɵ, ɩɟɤɬɢɧɵ, ɬɨɤɨɮɟɪɨɥɵ, ɤɚɪɨɬɢɧɵ, 

ɜɢɬɚɦɢɧɵ ɝɪɭɩɩɵ Ɋ [1]; 
 ɲɢɩɨɜɧɢɤɚ 

- ɫɱɢɬɚɟɬɫɹ ɥɢɞɟɪɨɦ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɜɢɬɚɦɢɧɚ ɋ; ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɟɤɬɢɧɨɜɵɟ 
ɫɨɟɞɢɧɟɧɢɹ, ɮɥɚɜɨɧɨɢɞɵ, ɞɭɛɢɥɶɧɵɟ ɜɟɳɟɫɬɜɚ [2]; 
 ɡɜɟɪɨɛɨɹ 

- ɫɨɞɟɪɠɢɬ ɮɥɚɜɨɧɨɢɞɵ (ɝɢɩɟɪɨɡɢɞ, ɪɭɬɢɧ, ɤɜɟɪɰɢɬɪɢɧ, ɢɡɨɤɜɟɪɰɢɬɪɢɧ ɢ ɤɜɟɪɰɟɬɢɧ), 
ɮɥɸɨɪɟɫɰɢɪɭɸɳɢɟ, ɤɪɚɫɹɳɢɟ ɢ ɞɭɛɢɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɚɪɨɬɢɧ, ɷɮɢɪɧɵɟ ɦɚɫɥɚ, ɜɢɬɚɦɢɧɵ ɋ, Ɋ ɢ 
ɊɊ, ɯɨɥɢɧ, ɚɧɬɨɰɢɚɧɵ, ɫɚɩɨɧɢɧɵ, ɫɩɢɪɬɵ, ɫɥɟɞɵ ɚɥɤɚɥɨɢɞɨɜ ɢ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ [1]; 
 ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ 

- ɫɨɞɟɪɠɢɬ ɞɭɛɢɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɚɧɬɪɚɝɥɢɤɨɡɢɞɵ, ɷɮɢɪɧɵɟ ɦɚɫɥɚ, ɳɚɜɟɥɟɜɭɸ, ɥɢɦɨɧɧɭɸ, 
ɹɛɥɨɱɧɭɸ, ɝɚɥɥɨɜɭɸ, ɹɧɬɚɪɧɭɸ ɤɢɫɥɨɬɵ, ɫɚɯɚɪɚ, ɛɟɥɤɢ, ɠɢɪɵ, ɜɨɫɤɢ, ɫɬɟɪɢɧɵ, ɬɪɟɬɢɱɧɵɟ 
ɫɩɢɪɬɵ, ɧɟɩɪɟɞɟɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɪɨɞɢɨɥɨɡɢɞ, ɮɥɚɜɨɧɨɢɞɵ, ɰɢɧɤ, ɬɢɬɚɧ, ɤɚɞɦɢɣ, ɯɪɨɦ, 
ɦɚɪɝɚɧɟɰ [2]; 
 ɛɨɪɨɜɨɣ ɦɚɬɤɢ 

- ɜ ɟɟ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜɯɨɞɹɬ ɚɪɛɭɬɢɧ, ɝɢɞɪɨɯɢɧɨɧ, ɤɭɦɚɪɢɧɵ, ɜɢɬɚɦɢɧ ɋ, ɫɦɨɥɵ, 
ɫɚɩɨɧɢɧɵ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ, ɬɢɬɚɧ, ɦɟɞɶ, ɰɢɧɤ, ɦɚɪɝɚɧɟɰ, ɞɭɛɢɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɝɨɪɟɱɢ [1]. 
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Ɉɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ȺBTS-ɪɚɞɢɤɚɥɚ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 730 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɦɚɤɫɢɦɭɦɭ ɟɝɨ ɩɨɝɥɨɳɟɧɢɹ, ɞɨ (D0) ɢ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɚɥɢɤɜɨɬ ɪɚɫɬɜɨɪɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɧɬɢɨɤɫɢɞɚɧɬɚ (Di) ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ ɋɎ-2000. ȺɈȺ 
ɨɩɪɟɞɟɥɹɥɢ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɭɝɥɨɜ ɧɚɤɥɨɧɨɜ ɡɚɜɢɫɢɦɨɫɬɟɣ Ing % = [(D0-Di)/D0]*100% ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɚɧɬɢɨɤɫɢɞɚɧɬɚ ɢ ɫɬɚɧɞɚɪɬɚ. ɇɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ.1. 
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Рɢɫ.1. Оɩɪɟɞɟɥɟɧɢɟ АОА эɤɫɬɪɚɤɬɨɜ шɢɩɨɜɧɢɤɚ , ɡɜɟɪɨɛɨя ,  

ɛɨɪɨɜɨɣ ɦɚɬɤɢ  ɢ ɪɨɞɢɨɥы ɪɨɡɨɜɨɣ   
ȺɈȺ ɷɤɫɬɪɚɤɬɨɜ ɲɢɩɨɜɧɢɤɚ, ɡɜɟɪɨɛɨɹ, ɛɨɪɨɜɨɣ ɦɚɬɤɢ, ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ, ɪɨɦɚɲɤɢ ɢ ɚɪɨɧɢɢ 

ɱɟɪɧɨɩɥɨɞɧɨɣ ɫɨɫɬɚɜɢɥɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 0.87, 0.48, 5.23, 6.04, 0.15 ɢ 0.035. ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɚ 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ, ȺɈȺ ɤɨɬɨɪɨɣ ɩɪɢɧɹɬɚ ɡɚ ɟɞɢɧɢɰɭ. ȼɵɫɨɤɚɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɞɪɭɝɢɦɢ, ɚɤɬɢɜɧɨɫɬɶ ɷɤɫɬɪɚɤɬɨɜ ɛɨɪɨɜɨɣ ɦɚɬɤɢ ɢ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ ɨɛɴɹɫɧɹɟɬɫɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɷɤɫɬɪɚɤɬɨɜ, ɜ ɬɨɦ 
ɱɢɫɥɟ, ɧɚɪɹɞɭ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ, – ɩɪɢɫɭɬɫɬɜɢɟɦ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ. 

ɐɢɤɥɢɱɟɫɤɢɟ ɜɨɥɶɬɚɦɩɟɪɧɵɟ ɤɪɢɜɵɟ (ɪɢɫ.2) ɩɨɥɭɱɚɥɢ ɧɚ ɩɪɢɛɨɪɟ IPC-Pro M (Ɋɨɫɫɢɹ) ɜ 
ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɹɱɟɣɤɟ ɨɛɴɟɦɨɦ 50 ɦɥ. Ɋɚɛɨɱɢɣ ɷɥɟɤɬɪɨɞ – ɫɬɟɤɥɨɭɝɥɟɪɨɞɧɵɣ ɩɥɨɳɚɞɶɸ 
7,1 ɦɦ2, ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹ – ɯɥɨɪɫɟɪɟɛɪɹɧɵɣ (BAS RE-1), ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ - 
ɩɥɚɬɢɧɨɜɚɹ ɫɟɬɤɚ. Ɏɨɧɨɜɵɣ ɷɥɟɤɬɪɨɥɢɬ – 0,1 Ɇ ɮɨɫɮɚɬɧɵɣ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ (ɪɇ 4,8). 
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Ɋɢɫ. 2. ȼɨɥɶɬɚɦɩɟɪɨɝɪɚɦɦɵ, ɢɡɦɟɪɟɧɧɵɟ ɧɚ ɫɬɟɤɥɨɭɝɥɟɪɨɞɧɨɦ ɷɥɟɤɬɪɨɞɟ ɜ ɮɨɫɮɚɬɧɨɦ  
ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ ɢ 10-3 Ɇ ɪɚɫɬɜɨɪɚɯ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧɚ  

ɢ ɞɢɝɥɸɤɨɡɢɞɚ ɫɟɤɨɢɡɨɥɚɪɢɰɢɪɟɡɢɧɨɥɚ. 
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Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ȺɈȺ ɚɧɨɞɧɭɸ ɜɟɬɜɶ ɩɟɪɜɨɝɨ ɰɢɤɥɚ ɜɨɥɶɬɚɦɩɟɪɨɝɪɚɦɦɵ, 
ɢɡɦɟɪɟɧɧɨɣ ɜ ɪɚɫɬɜɨɪɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɤɫɬɪɚɤɬɚ ɜ ɮɨɧɨɜɨɦ ɷɥɟɤɬɪɨɥɢɬɟ, ɢɧɬɟɝɪɢɪɨɜɚɥɢ, 
ɜɵɱɢɬɚɹ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɮɨɧɨɜɨɣ ɤɪɢɜɨɣ.  

Ɍɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɢ 
ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ, ɬɚɤɠɟ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ (123 ɢ 80 ɦɤɄɥ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɷɤɫɬɪɚɤɬɨɜ ɪɨɦɚɲɤɢ ɢ ɱɟɪɧɨɩɥɨɞɧɨɣ ɪɹɛɢɧɵ (10 ɢ 3 ɦɤɄɥ). 
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Ɋɢɫ 3. ɋɪɚɜɧɟɧɢɟ ȺɈȺ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɚɦɢ ɌȿȺɋ ɢ ɐȼȺ 

 
Ʉɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɰɟɧɤɢ ȺɈȺ ɞɜɭɦɹ ɧɟɡɚɜɢɫɢɦɵɦɢ ɦɟɬɨɞɚɦɢ, ɜɟɪɨɹɬɧɨ, 

ɫɭɳɟɫɬɜɭɟɬ (ɪɢɫ.3), ɨɞɧɚɤɨ, ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɜɢɞɚ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɪɟɛɭɸɬɫɹ ɞɟɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɧɚɛɨɪɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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1. Ʌɟɤɚɪɫɬɜɟɧɧɵɟ ɪɚɫɬɟɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. - Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.medunica.info, ɫɜɨɛɨɞɧɵɣ - (ɞɚɬɚ 
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ɋɂɇɌȿɁ ɂ ȻɂɈɏɂɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ 5-ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ  
2-ɌɂɈ-6-ȺɁȺ-2’-ȾȿɁɈɄɋɂɍɊɂȾɂɇɈȼ 

 
ɋ.Ⱦ. ɇɟɝɪɹ1,*, Ɉ.ȼ. ȿɮɪɟɦɟɧɤɨɜɚ2, ɂ.Ʌ. Ʉɚɪɩɟɧɤɨ1, ɋ.ɇ. Ʉɨɱɟɬɤɨɜ1, Ʌ.Ⱥ. Ⱥɥɟɤɫɚɧɞɪɨɜɚ1 

1ɂɧɫɬɢɬɭɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ ɢɦɟɧɢ ȼ. Ⱥ. ɗɧɝɟɥɶɝɚɪɞɬɚ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 119991, Ɇɨɫɤɜɚ, ɭɥ. ȼɚɜɢɥɨɜɚ, 32. 
2ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɢɡɵɫɤɚɧɢɸ ɧɨɜɵɯ ɚɧɬɢɛɢɨɬɢɤɨɜ ɢɦɟɧɢ Ƚ.Ɏ. Ƚɚɭɡɟ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 119435, Ɇɨɫɤɜɚ, ɭɥ. Ȼɨɥɶɲɚɹ ɉɢɪɨɝɨɜɫɤɚɹ, 11. 
*e-mail: S2375N@yandex.ru  

 
Ɋɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ 5-ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 2-ɬɢɨ-6-ɚɡɚ-2’-ɞɟɡɨɤɫɢɭɪɢɞɢɧɚ. 

ɉɨɞɬɜɟɪɠɞɟɧɚ ɢɯ ɚɧɨɦɟɪɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɢɫɫɥɟɞɨɜɚɧɚ ɢɯ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ, ɩɪɨɬɢɜɨɛɚɤɬɟɪɢɚɥɶɧɚɹ ɢ 
ɩɪɨɬɢɜɨɜɢɪɭɫɧɚɹ ɚɤɬɢɜɧɨɫɬɶ. 

A new effective method of 5-modified 2-thio-6-aza-2’-deoxyuridine derivatives synthesis was developed. Their anomeric 

structure was confirmed. Their cytotoxicity, antibacterial and antiviral activity were studied. 

 
ɉɪɨɛɥɟɦɚ ɥɟɱɟɧɢɹ ɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɨɫɥɨɠɧɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɪɟɡɢɫɬɟɧɬɧɨɫɬɢ 

ɩɚɬɨɝɟɧɨɜ ɤ ɩɪɢɦɟɧɹɟɦɵɦ ɩɪɟɩɚɪɚɬɚɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɨɫɬɪɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 
ɫɨɡɞɚɧɢɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɥɟɤɚɪɫɬɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɧɨɜɵɟ ɦɢɲɟɧɢ ɢ ɚɤɬɢɜɧɵɯ ɜ 
ɨɬɧɨɲɟɧɢɢ ɪɟɡɢɫɬɟɧɬɧɵɯ ɲɬɚɦɦɨɜ. 

Ɍɟɪɚɩɢɹ ɜɢɪɭɫɧɵɯ ɢɧɮɟɤɰɢɣ ɱɚɫɬɨ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɢɪɨɞɧɵɯ 
ɧɭɤɥɟɨɡɢɞɨɜ [1]. Ʉ ɩɪɢɦɟɪɭ, ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɢɡɜɨɞɧɵɯ 2-ɬɢɨ-6-ɚɡɚɭɪɢɞɢɧɚ 
ɢɧɝɢɛɢɪɨɜɚɬɶ ɪɨɫɬ ɜɢɪɭɫɚ ɩɪɨɫɬɨɝɨ ɝɟɪɩɟɫɚ (HSV-1, HSV-2) [2]. Ɉɞɧɚɤɨ ɩɪɨɬɢɜɨɛɚɤɬɟɪɢɚɥɶɧɚɹ 
ɚɤɬɢɜɧɨɫɬɶ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ. 

ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɞɚɧɧɵɯ, ɧɚɦ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɨɜɟɫɬɢ ɫɢɧɬɟɡ 2-ɬɢɨ-6-
ɚɡɚɩɪɨɢɡɜɨɞɧɵɯ 2’-ɞɟɡɨɤɫɢɭɪɢɞɢɧɚ, ɫɨɞɟɪɠɚɳɢɯ ɡɚɦɟɫɬɢɬɟɥɢ ɩɪɢ ɋ-5 ɚɬɨɦɟ ɧɭɤɥɟɢɧɨɜɨɝɨ 
ɨɫɧɨɜɚɧɢɹ (5, 6) ɫ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɬɢɜ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ 
ɜɢɪɭɫɨɜ. 

 
 

ɋхеɦɚ 1. Ɋɟɚɝɟɧɬɵ ɢ ɭɫɥɨɜɢɹ: (i) CH3OH, AcCl, 0 °C, (ii) Py, TlCl, 0 °C,  
(iii) 8, CH3CN, Me3SiOTfl, 82 °C, (iv) MeOH, NaOMe, 25 °C, (v) 0.1M HCl, (vi) CH3CN, BSA, 82 °ɋ. 
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ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɫɢɧɬɟɡ α ɢ β ɚɧɨɦɟɪɨɜ [2-ɬɢɨ-5-ɡɚɦɟɳɟɧɧɨɝɨ-6-ɚɡɚ]-2’-
ɞɟɡɨɤɫɢɭɪɢɞɢɧɚ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɦɟɬɨɞɭ Ɏɨɪɛɪɸɝɝɟɧɚ (ɋхеɦɚ 1) [3]. ɐɟɥɶɸ ɪɚɛɨɬɵ ɧɟ ɹɜɥɹɥɫɹ 
ɫɢɧɬɟɡ ɬɨɥɶɤɨ «ɩɪɢɪɨɞɧɨɝɨ» β-ɚɧɨɦɟɪɚ, ɩɨɫɤɨɥɶɤɭ ɧɚɦɢ ɪɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɝɢɛɢɪɭɸɳɟɣ 
ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ M. tuberculosis ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɤɚɤ α-, ɬɚɤ ɢ β-ɚɧɨɦɟɪɵ 5-
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 2’-ɞɟɡɨɤɫɢɭɪɢɞɢɧɚ [4]. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɜɨɞɢɥ ɤ 
ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɜɵɯɨɞɚɦ ɩɪɨɞɭɤɬɨɜ. ɉɨɷɬɨɦɭ ɧɚɦɢ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ 
ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɪɟɚɤɰɢɸ ɬɪɚɧɫɝɥɢɤɨɡɢɥɢɪɨɜɚɧɢɹ (ɋхеɦɚ 2). ɗɬɨɬ ɦɟɬɨɞ 
ɨɤɚɡɚɥɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦ, ɩɪɟɞɩɨɥɚɝɚɥ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɨɝɨ ɬɢɦɢɞɢɧɚ ɢ ɞɚɜɚɥ 
ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɜɵɯɨɞɵ.  

 

 
 

ɋхеɦɚ 2. Ɋɟɚɝɟɧɬɵ ɢ ɭɫɥɨɜɢɹ: (i) Ɍɢɦɢɞɢɧ, CH3CN, BSA, 82 °C, (ii) Ⱦɢɯɥɨɷɬɚɧ, Me3SiOTfl, 83 °C. 
 

Ⱥɧɨɦɟɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɭɤɥɟɨɡɢɞɨɜ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɦɟɬɨɞɨɦ ɞɜɭɦɟɪɧɨɣ əɆɊ-
ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫ ɹɞɟɪɧɵɦ ɷɮɮɟɤɬɨɦ Ɉɜɟɪɯɚɭɡɟɪɚ (NOESY).  

ɐɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɚ ɨɰɟɧɟɧɚ ɩɨ ɆɌɌ-ɬɟɫɬɭ [5]. ɋɨɟɞɢɧɟɧɢɹ 
ɧɟ ɩɪɨɹɜɢɥɢ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɧɚ ɤɭɥɶɬɭɪɚɯ ɤɥɟɬɨɤ Vero ɢ K562. ɋɪɟɞɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɜɵɹɜɥɟɧɵ ɢɧɝɢɛɢɬɨɪɵ ɜɢɪɭɫɨɜ ɝɟɪɩɟɫɚ ɢ ɨɫɩɨɜɚɤɰɢɧɵ. Ⱥɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 
ɛɭɞɭɬ ɫɨɨɛɳɟɧɵ.  

 
Ɋɚɛɨɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɨɜ ɊɇɎ № 14-50-00060 ɢ ɊɎɎɂ № 

17-04-00536. 

 
Ʌиɬеɪɚɬɭɪɚ 
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ɉɈɋɌȺɇɈȼɄȺ ɆȿɌɈȾȺ ɎɅɍɈɊȿɋɐȿɌɇɈȽɈ Ɇȿɑȿɇɂə ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɈȽɈ 
ɆɈɇɈɇɍɄɅȿɈɌɂȾȺ 5-(ȺɆɂɇȺɅɅɂɅ)-2´-ȾȿɁɈɄɋɂɍɊɂȾɂɇ-5´-ɌɊɂɎɈɋɎȺɌȺ 

ȺɄɌɂȼɂɊɈȼȺɇɇɕɆ N-ȽɂȾɊɈɄɋɂɋɍɄɐɂɆɂȾɇɕɆ ɗɎɂɊɈɆ 

 
Ⱥ.ȼ. ɉɚɧɮɢɥɨɜ1*, ɘ.Ɇ. Ʉɨɧɫɬɚɧɬɢɧɨɜ2, Ɇ.ȼ. Ʉɭɥɢɧɱɟɧɤɨ2 

1ɎȽȻɈɍ ȼɈ ɂɪɤɭɬɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ 
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 2ɋɢɛɢɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɮɢɡɢɨɥɨɝɢɢ ɢ ɛɢɨɯɢɦɢɢ ɪɚɫɬɟɧɢɣ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ  

Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɋɂɎɂȻɊ ɋɈ ɊȺɇ),  
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C ɩɨɦɨɳɶɸ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɣ Dream Taq-ɩɨɥɢɦɟɪɚɡɵ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ (ɉɐɊ) in vitro ɜ 

ɞɜɭɧɢɬɟɜɭɸ ȾɇɄ ɜɫɬɪɨɟɧ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɨɧɨɧɭɤɥɟɨɬɢɞ 5 -(ɚɦɢɧɨɚɥɥɢɥ)-2´-ɞɟɡɨɤɫɢɭɪɢɞɢɧ-

5´-ɬɪɢɮɨɫɮɚɬ (AA-dUTP). ɉɪɨɜɟɞɟɧɵ ɩɨɫɬɫɢɧɬɟɬɢɱɟɫɤɨɟ ɮɥɭɨɪɟɫɰɟɧɬɧɨɟ ɦɟɱɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɚɦɢɧɨ-ȾɇɄ ɫɨ 
ɜɫɬɪɨɟɧɧɵɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɨɧɨɧɭɤɥɟɨɬɢɞɨɦ N-ɝɢɞɪɨɤɫɢɫɭɤɰɢɦɢɞɧɵɦ ɷɮɢɪɨɦ (Cy3-SE), ɞɟɬɟɤɰɢɹ ɢ 
ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɉɐɊ ɩɪɨɞɭɤɬɚ ɥɚɡɟɪɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ. 

During PCR, in vitro, a modified mononucleotide 5-(aminoallyl)-2'-deoxyuridine-5'-triphosphate (AA-dUTP) is inserted 

in the double-stranded DNA by thermostable Dream Taq polymerase. The obtained amino-DNA with inserted modified 

mononucleotides was labeled post-synthetically using the N-hydroxysuccimide ester (Cy3-SE) following by detection and 

determination of the PCR product concentration by laser spectroscopy. 

 

Ɏɥɭɨɪɟɫɰɟɧɬɧɨɟ ɦɟɱɟɧɢɟ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ, ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɨɣ (ȾɇɄ) ɢ 
ɪɢɛɨɧɭɤɥɟɢɧɨɜɨɣ (ɊɇɄ) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɛɢɨɞɟɬɟɤɰɢɢ ɜ ȾɇɄ/ɊɇɄ-ɞɢɚɝɧɨɫɬɢɤɟ, 
ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɢ, ɝɟɧɨɦɧɨɦ ɚɧɚɥɢɡɟ, ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ [1]. ɇɚɩɪɢɦɟɪ, ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɯ ɡɨɧɞɨɜ TaqMan, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɨɫɬɫɢɧɬɟɬɢɱɟɫɤɨɦ “ɤɥɢɤ”- ɦɟɱɟɧɢɢ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ 
ɦɚɪɤɟɪɚɦɢ [2]. Ɏɥɭɨɪɟɫɰɟɧɬɧɨɟ ɦɟɱɟɧɢɟ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɰɟɧɧɨɫɬɶ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ, ɜɤɥɸɱɚɹ 
ɩɪɨɬɟɨɦɢɤɭ, ɦɟɬɚɛɨɥɨɦɢɸ, ɝɟɧɧɭɸ ɢɧɠɟɧɟɪɢɸ ɪɚɫɬɟɧɢɣ (ɬɪɚɧɫɝɟɧɟɡ) [3]. ȼ ɦɨɥɟɤɭɥɹɪɧɨ-
ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ ɛɵɫɬɪɨɝɨ ɚɧɚɥɢɡɚ 
ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ ȾɇɄ. 

 

 
 

Ɋɢɫ.1. ɋɯɟɦɚ ɦɟɱɟɧɢɹ ȾɇɄ ɮɪɚɝɦɟɧɬɚ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɤɪɚɫɢɬɟɥɟɦ  
N-ɝɢɞɪɨɤɫɢɫɭɤɰɢɦɢɞɧɵɦ ɷɮɢɪɨɦ Cy3-SE (NHS-ester). 
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Ɏɥɭɨɪɟɫɰɟɧɬɧɨɟ ɦɟɱɟɧɢɟ ɦɨɥɟɤɭɥ ȾɇɄ/ɊɇɄ, ɩɪɨɜɨɞɢɦɨɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɜ ɨɫɧɨɜɧɨɦ, 
ɰɢɚɧɢɧɨɜɵɯ ɤɪɚɫɢɬɟɥɟɣ ɫ ɩɨɥɢɟɧɨɜɨɣ ɫɬɪɭɤɬɪɨɣ ɜ ɬɪɚɧɫ-ɮɨɪɦɟ [4], ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 
ɬɨɱɟɱɧɵɟ ɦɭɬɚɰɢɢ ɜ ɝɟɧɚɯ, ɞɟɬɟɤɬɢɪɨɜɚɬɶ ɥɨɤɚɥɶɧɭɸ ɦɨɞɢɮɢɤɚɰɢɸ ɢ ɤɨɧɮɨɪɦɚɰɢɸ ɜ 
ɛɢɨɩɨɥɢɦɟɪɚɯ ɫɥɨɠɧɨɝɨ ɫɬɪɨɟɧɢɹ. Ɂɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨ 
dTTP ɜɫɬɪɨɢɬɶ ɦɢɧɨɪɧɵɣ ɤɨɦɩɨɧɟɧɬ - ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɨɧɨɧɭɤɥɟɨɬɢɞ 5-(ɚɦɢɧɨɚɥɥɢɥ)-2´-
ɞɟɡɨɤɫɢɭɪɢɞɢɧ-5´-ɬɪɢɮɨɫɮɚɬ (AA-dUTP) - in vitro, ɫ ɩɨɦɨɳɶɸ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɜ 
ɞɜɭɧɢɬɟɜɭɸ ȾɇɄ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɣ Dream Taq-ɩɨɥɢɦɟɪɚɡɨɣ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ 
ɪɟɚɤɰɢɢ (ɉɐɊ) (ɪɢɫ. 1). Ɉɛɪɚɡɨɜɚɧɢɟ ɤɨɜɚɥɟɧɬɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɚɦɢɧɨɥɢɧɤɟɪɨɦ (AA-
dUTP) ɢ N-ɝɢɞɪɨɤɫɢɫɭɤɰɢɦɢɞɧɵɦ ɷɮɢɪɨɦ (Cy3-SE) ɜ ɯɨɞɟ ɩɨɫɬɫɢɧɬɟɬɢɱɟɫɤɨɣ ɢɧɤɭɛɚɰɢɢ 
ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɮɥɭɨɪɟɫɰɟɧɬɧɨɟ ɦɟɱɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɚɦɢɧɨ-ȾɇɄ ɫɨ ɜɫɬɪɨɟɧɧɵɦ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɨɧɨɧɭɤɥɟɨɬɢɞɨɦ, ɫ ɩɨɫɥɟɞɭɸɳɢɦɢ ɞɟɬɟɤɰɢɟɣ ɢ ɨɩɪɟɞɟɥɟɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɉɐɊ ɩɪɨɞɭɤɬɚ ɥɚɡɟɪɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ ɧɚ ɩɪɢɛɨɪɟ NanoPhotometr. 
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ɋɨɡɞɚɧɵ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɧɚɧɨɛɢɨɤɨɦɩɨɡɢɬɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ, 

ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɧɵɟ ɜ ɛɢɨɝɟɧɧɭɸ ɦɚɬɪɢɰɭ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɥɢɫɬɜɟɧɧɢɰɵ ɫɢɛɢɪɫɤɨɣ. ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɧɨɜɨɝɨ 
ɫɟɥɟɧɫɨɞɟɪɠɚɳɟɝɨ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɧɚ ɛɚɤɬɟɪɢɚɥɶɧɵɣ ɮɢɬɨɩɚɬɨɝɟɧ ɤɚɪɬɨɮɟɥɹ Clavibacter michiganensis ssp. 

sepedonicus. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɫ 
ɧɚɧɨɫɟɥɟɧɨɦ ɨɛɥɚɞɚɟɬ ɛɚɤɬɟɪɢɰɢɞɧɵɦ ɷɮɮɟɤɬɨɦ. ɂɧɤɭɛɚɰɢɹ ɛɚɤɬɟɪɢɣ ɫ ɧɚɧɨɤɨɦɩɨɡɢɬɨɦ ɜ ɬɟɱɟɧɢɟ 24 ɱ 
ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɦɨɪɮɨɥɨɝɢɢ ɤɥɟɬɨɤ ɢ ɢɯ ɝɢɛɟɥɢ. 

The antimicrobic nanobiocomposite representing the selenium nanoparticles encapsulated in a biogenous matrix of an 

arabinogalaktan of a larch Siberian is created and characterized. Influence of a new selen-containing nanocomposite on a 

bacterial phytopathogen of Clavibacter michiganensis ssp. sepedonicus potatoes is studied. It is shown that the complex of an 

arabinogalaktan with nanoselenium has bactericidal effect. An incubation of nanocomposite with bacterial cells for 24 h 

leads to the change in their morphology, and further death. 

 
ɐɟɥɶ ɪɚɛɨɬɵ – ɫɨɡɞɚɧɢɟ ɫɟɥɟɧɫɨɞɟɪɠɚɳɟɝɨ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɢ ɢɡɭɱɟɧɢɟ ɟɝɨ 

ɜɥɢɹɧɢɹ ɧɚ ɮɢɬɨɩɚɬɨɝɟɧɧɭɸ ɛɚɤɬɟɪɢɸ Clavibacter michiganensis ssp. sepedonicus (Cms). 
ɂɫɫɥɟɞɭɟɦɵɣ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚɧɨɤɨɦɩɨɡɢɬ ɫɟɥɟɧɚ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɢɡ ɩɪɢɪɨɞɧɨɝɨ 

ɩɨɥɢɫɚɯɚɪɢɞɚ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɢ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ.  
Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɝɨ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ (ɉɗɆ). ɇɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ ɯɨɪɨɲɨ ɜɢɡɭɚɥɢɡɢɪɭɸɬɫɹ ɜ ɉɗɆ, ɢɦɟɸɬ 
ɮɨɪɦɭ, ɛɥɢɡɤɭɸ ɤ ɫɮɟɪɢɱɟɫɤɨɣ, ɪɚɡɦɟɪ ɨɬ 60 ɧɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɩɨɥɢɫɚɯɚɪɢɞɧɨɣ ɦɚɬɪɢɰɟ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɬɪɨɜɨɝɨ ɫɤɚɧɢɪɭɸɳɟɝɨ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɧɚ ɭɜɟɥɢɱɟɧɢɢ 18000 ɪɚɡ ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ, ɱɬɨ ɩɨɥɢɦɟɪɧɵɟ ɱɚɫɬɢɰɵ 
ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɢɦɟɸɬ ɨɛɴɟɦɧɭɸ ɪɚɡɜɟɬɜɥɟɧɧɭɸ ɮɨɪɦɭ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɫ ɱɟɬɤɨ ɜɵɪɚɠɟɧɧɵɦɢ 
ɨɤɪɭɝɥɵɦɢ ɨɛɪɚɡɨɜɚɧɢɹɦɢ ɞɢɚɦɟɬɪɨɦ ɨɬ 0,222 ɞɨ 0,433 ɦɤɦ. 

ȼ ɰɟɧɬɪɟ ɷɬɢɯ ɨɤɪɭɝɥɵɯ ɫɬɪɭɤɬɭɪ ɧɚɯɨɞɢɬɫɹ Se, ɱɬɨ ɱɟɬɤɨ ɜɢɞɧɨ ɧɚ ɤɚɪɬɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɟɬɨɞɨɦ ɗȾɋ – ɚɧɚɥɢɡɚ. ȼ ɫɨɫɬɚɜ ɦɚɬɪɢɰɵ ɜɯɨɞɹɬ ɬɚɤɠɟ P ɢ Si.  

ȼɬɨɪɨɣ ɱɚɫɬɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ 
ɫɟɥɟɧɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɚɧɨɤɨɦɩɨɡɢɬ ɫɟɥɟɧɚ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɛɚɤɬɟɪɢɚɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ ɜɨɡɛɭɞɢɬɟɥɹ 
ɤɨɥɶɰɟɜɨɣ ɝɧɢɥɢ – ɛɚɤɬɟɪɢɟɣ Cms ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɡɜɨɞɢɥɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɢ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫɟɥɟɧɚ ɧɚ ɜɚɠɧɟɣɲɢɣ 
ɩɪɨɰɟɫɫ ɞɥɹ ɛɚɤɬɟɪɢɣ – ɛɢɨɩɥɟɧɤɨɨɛɪɚɡɨɜɚɧɢɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɚɤɬɟɪɢɣ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɧɚɧɨɤɨɦɩɨɡɢɬɚɦɢ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ 
ɡɨɧɞɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɛɚɤɬɟɪɢɢ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɧɚɧɨɤɨɦɩɨɡɢɬɚɦɢ 
ɫɟɥɟɧɚ ɬɟɪɹɥɢ ɧɚɬɢɜɧɭɸ ɮɨɪɦɭ, ɩɨɜɟɪɯɧɨɫɬɶ ɢɯ ɤɥɟɬɨɤ ɫɬɚɧɨɜɢɥɚɫɶ ɧɟɪɨɜɧɨɣ, ɧɚ ɧɟɣ 
ɧɚɛɥɸɞɚɥɢɫɶ ɩɪɢɤɪɟɩɥɟɧɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ. ȼɫɥɟɞɫɬɜɢɟ ɩɪɢɤɪɟɩɥɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɤɬɟɪɢɣ, ɨɧɢ ɬɟɪɹɥɢ ɬɭɪɝɨɪ; ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
ɧɚɛɥɸɞɚɥɫɹ ɜɵɯɨɞ ɫɨɞɟɪɠɢɦɨɝɨ ɤɥɟɬɨɤ ɧɚɪɭɠɭ. 

Ⱦɚɥɟɟ ɧɚɦɢ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɪɟɡɵ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ, ɩɪɨɲɟɞɲɢɯ ɢɧɤɭɛɚɰɢɸ ɫ 
ɧɚɧɨɤɨɦɩɨɡɢɬɨɦ ɫɟɥɟɧɚ. ɋ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, 
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ɱɬɨ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɛɚɤɬɟɪɢɣ ɫ ɧɚɧɨɤɨɦɩɨɡɢɬɨɦ ɪɚɡɪɭɲɚɥɚɫɶ ɤɥɟɬɨɱɧɚɹ ɫɬɟɧɤɚ ɛɚɤɬɟɪɢɣ, ɢ 
ɧɚɛɥɸɞɚɥɫɹ ɜɵɯɨɞ ɫɨɞɟɪɠɢɦɨɝɨ ɤɥɟɬɤɢ ɧɚɪɭɠɭ, ɱɬɨ ɩɪɢɜɨɞɢɥɨ ɤ ɝɢɛɟɥɢ ɩɚɬɨɝɟɧɧɨɣ ɛɚɤɬɟɪɢɢ. 

Ɍɚɤɠɟ ɧɚɦɢ ɛɵɥ ɩɪɨɜɟɪɟɧ ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚɧɨɤɦɩɨɡɢɬɨɜ ɫɟɥɟɧɚ ɧɚ 
ɜɚɠɧɟɣɲɟɟ ɫɜɨɣɫɬɜɨ ɛɚɤɬɟɪɢɣ – ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɨɜɵɜɚɬɶ ɛɢɨɩɥɟɧɤɢ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɢɧɤɭɛɚɰɢɹ ɛɚɤɬɟɪɢɣ ɫ ɧɚɧɨɤɨɦɩɨɡɢɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ. 

ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨ ɜɥɢɹɧɢɢ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɛɢɨɩɥɟɧɤɨɨɛɪɚɡɨɜɚɧɢɟ Cms ɹɜɥɹɟɬɫɹ 
ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɵɦ, ɬɚɤ ɤɚɤ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɚɹ ɛɚɤɬɟɪɢɹ ɫɩɨɫɨɛɧɚ ɨɛɪɚɡɨɜɵɜɚɬɶ ɜɧɭɬɪɢ 
ɫɬɟɛɥɹ ɤɚɪɬɨɮɟɥɹ ɛɢɨɩɥɟɧɤɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɡɚɤɭɩɨɪɤɟ ɫɨɫɭɞɨɜ ɪɚɫɬɟɧɢɣ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɭ ɧɢɯ ɜɢɥɬ 
ɢ ɩɨɠɟɥɬɟɧɢɟ ɥɢɫɬɶɟɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɫɨɡɞɚɧɵ ɛɢɨɧɚɧɨɤɨɦɩɨɡɢɬɵ ɫɟɥɟɧɚ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɚ ɢ ɩɥɨɬɧɨ ɭɩɚɤɨɜɚɧɧɵɯ ɜ ɧɟɝɨ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ. Ɉɩɪɟɞɟɥɟɧɵ 
ɪɚɡɦɟɪɵ ɢ ɮɨɪɦɚ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ. Ȼɥɚɝɨɞɚɪɹ ɫɬɪɨɟɧɢɸ ɤɨɦɩɨɡɢɬɚ, – ɩɨɦɟɳɟɧɢɸ ɬɨɤɫɢɱɧɵɯ 
ɱɚɫɬɢɰ ɫɟɥɟɧɚ ɜ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧ, ɧɚɧɨɤɨɦɨɩɨɡɢɬ ɫɟɥɟɧɚ ɫɩɨɫɨɛɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɨɱɟɱɧɭɸ 
ɞɨɫɬɚɜɤɭ ɧɚɧɨɱɚɫɬɢɰ ɜ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɤɥɟɬɤɭ. ɂɧɤɭɛɚɰɢɹ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɫ ɛɚɤɬɟɪɢɚɥɶɧɵɦɢ 
ɤɥɟɬɤɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɚɞɝɟɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɪɭɲɟɧɢɸ 
ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɝɢɛɟɥɢ ɛɚɤɬɟɪɢɣ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ȼɢɨɚɧɚɥɢɬɢɤɚ» ɢ ɤɨɥɥɟɤɰɢɢ 

ɛɚɤɬɟɪɢɣ «Ȼɨɢɪɟɫɭɪɫɧɨɝɨ ɰɟɧɬɪɚ» ɋɢɛɢɪɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɮɢɡɢɨɥɨɝɢɢ ɢ ɛɢɨɯɢɦɢɢ ɪɚɫɬɟɧɢɣ ɋɈ 

ɊȺɇ (ɝ. ɂɪɤɭɬɫɤ), ɚ ɬɚɤɠɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ Ʌɢɦɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ. 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɊɎɎɂ ɦɨɥ_ɚ № 16-34-00806).  
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ɍȾɄ 546.772 

ȼɈȾɈɊȺɋɌȼɈɊɂɆɕȿ ɅɘɆɂɇȿɋɐȿɇɌɇɕȿ ɆȺɌȿɊɂȺɅɕ ɇȺ ɈɋɇɈȼȿ 
ɄɅȺɋɌȿɊɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɆɈɅɂȻȾȿɇȺ 
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɢ ɯɚɪɚɤɬɟɪɢɡɚɰɢɹ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ 
ɨɫɧɨɜɟ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɦɨɥɢɛɞɟɧɚ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɢɟ ɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ ɢ ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɵ ɫɨɟɞɢɧɟɧɢɹ {Mo6I8}@matrix, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɜɵɫɬɭɩɚɟɬ ɞɟɤɫɬɪɚɧ ɢ ɞɟɤɫɬɪɚɧ 
ɩɨɥɢɚɥɶɞɟɝɢɞɵ. 

This work aims at synthesis and characterization of water-soluble luminescent materials based on molybdenum cluster 

complexes and studying their biological properties. In this work compounds {Mo6I8}@matrix (matrix = dextran and dextran 

polyaldehydes) were obtained and investigated in detail. 

Ɉɤɬɚɷɞɪɢɱɟɫɤɢɟ ɝɚɥɨɝɟɧɢɞɧɵɟ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɨɥɢɛɞɟɧɚ ɦɨɝɭɬ ɧɚɣɬɢ ɪɹɞ 
ɩɪɢɦɟɧɟɧɢɣ ɜ ɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɟ, ɛɥɚɝɨɞɚɪɹ ɬɚɤɢɦ ɫɜɨɣɫɬɜɚɦ, ɤɚɤ ɥɸɦɢɧɟɫɰɟɧɰɢɹ ɜ ɜɢɞɢɦɨɣ 
ɢ ɛɥɢɠɧɟɣ ɢɧɮɪɚɤɪɚɫɧɨɣ ɨɛɥɚɫɬɹɯ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɝɟɧɟɪɢɪɨɜɚɬɶ ɫɢɧɝɥɟɬɧɵɣ ɤɢɫɥɨɪɨɞ. Ɉɞɧɚɤɨ, 
ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɠɢɜɵɯ ɫɢɫɬɟɦɚɯ, ɫɨɟɞɢɧɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɢ 
ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ pH, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɬɶ ɧɢɡɤɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ. Ɉɞɢɧ ɢɡ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ 
ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ – ɜɤɥɸɱɟɧɢɟ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɜ ɜɨɞɨɪɚɫɬɜɨɪɢɦɭɸ 
ɛɢɨɫɨɜɦɟɫɬɢɦɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɦɚɬɪɢɰɭ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɪɢɰ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɪɢɪɨɞɧɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ 
ɩɨɥɢɫɚɯɚɪɢɞ ɞɟɤɫɬɪɚɧ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 70 ɤȾɚ (DEX70) ɢ ɟɝɨ ɨɤɢɫɥɟɧɧɵɟ ɮɨɪɦɵ – 
ɞɟɤɫɬɪɚɧ ɩɨɥɢɚɥɶɞɟɝɢɞ (DPA70-2 ɢ DPA70-15). ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɛɵɥɨ ɜɵɛɪɚɧɨ ɫɨɟɞɢɧɟɧɢɟ ɫ ɥɚɛɢɥɶɧɵɦɢ ɧɢɬɪɚɬɧɵɦɢ ɬɟɪɦɢɧɚɥɶɧɵɦɢ ɥɢɝɚɧɞɚɦɢ ɫɨɫɬɚɜɚ 
(Bu4N)2[{Mo6I8}(NO3)6]. ȼɤɥɸɱɟɧɢɟ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɦɚɬɪɢɰɵ ɩɪɨɜɨɞɢɥɢ ɜ ɪɚɫɬɜɨɪɟ 
ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɚ. ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɫɢɧɬɟɡɚ 
(ɜɪɟɦɹ ɪɟɚɤɰɢɢ, ɫɨɨɬɧɨɲɟɧɢɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɟɚɝɟɧɬɨɜ) ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɚɢɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

ɋ ɩɨɦɨɳɶɸ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ ɛɵɥɨ 
ɨɩɪɟɞɟɥɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɦɨɥɢɛɞɟɧɚ ɜɨ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɜ ɧɚɢɛɨɥɟɟ ɨɤɢɫɥɟɧɧɵɣ ɩɨɥɢɦɟɪ DPA70-15 ɜɤɥɸɱɚɟɬɫɹ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɤɥɚɫɬɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɨɥɢɛɞɟɧɚ. 

Ȼɵɥɢ ɢɡɭɱɟɧɵ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɪɢɫ. 1). ɂɡ ɷɬɢɯ 
ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɮɨɬɨɮɢɡɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɛɥɚɞɚɟɬ ɦɚɬɟɪɢɚɥ ɧɚ 
ɨɫɧɨɜɟ DPA70-15. Ʉɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɞɥɹ ɬɜɟɪɞɨɝɨ ɨɛɪɚɡɰɚ {Mo6I8}@DPA70-15 ɫɨɫɬɚɜɥɹɟɬ 12%. 
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Дɥɢɧɚ ɜɨɥɧы, ɧɦ

 {Mo6I8}@DEX70 {Mo6I8}@DPA70-2 {Mo6I8}@DPA70-15

 
Ɋиɫ. 1. ɋɩɟɤɬɪɵ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɞɥɹ {Mo6I8}@DEX70, {Mo6I8}@DPA70-n (n = 2, 15) 
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Ɍɚɤɠɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɭɥɶɬɭɪɚɯ 
ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɥɢɧɢɢ Hep2. ɋ ɩɨɦɨɳɶɸ ɆɌɌ-ɬɟɫɬɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɫɟ ɢɫɫɥɟɞɭɟɦɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɩɪɨɹɜɥɹɸɬ ɧɢɡɤɭɸ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɜɨ ɜɫёɦ ɞɢɚɩɚɡɨɧɟ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 
(ɪɢɫ. 2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɨɥɭɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɧɝɢɛɢɪɨɜɚɧɢɹ (ɂɄ50) ɭɫɬɚɧɨɜɢɬɶ ɧɟ 
ɭɞɚɥɨɫɶ. 

 
Ɋиɫ. 2. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɥɢɧɢɢ Hep-2, ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ  

ɫ {Mo6I8}@DEX70, {Mo6I8}@DPA70-n (n = 2, 15) 
 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɥɸɦɢɧɟɫɰɟɧɰɢɢ 
ɤɥɟɬɨɤ ɥɢɧɢɢ Hep-2, ɨɛɪɚɛɨɬɚɧɧɵɯ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɦɚɬɟɪɢɚɥɚ {Mo6I8}@DPA70-15, 
ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɥɸɦɢɧɟɫɰɟɧɰɢɹ ɤɨɧɬɪɨɥɶɧɵɯ (ɪɢɫ. 3). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɬɟɪɢɚɥ ɧɚ 
ɨɫɧɨɜɟ DPA70-15 ɩɪɨɧɢɤɚɟɬ ɜ ɤɥɟɬɤɢ. 

 

 
Ɋиɫ. 3. Ʉɥɟɬɨɱɧɨɟ ɩɪɨɧɢɤɧɨɜɟɧɢɟ {Mo6I8}@DEX70, {Mo6I8}@DPA70-n (n = 2, 15),  

ɨɩɪɟɞɟɥɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ. 
 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɦɨɥɢɛɞɟɧɚ ɢ DEX70 ɧɟ 
ɩɪɨɹɜɥɹɸɬ ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɭɸ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ (ɩɪɨɟɤɬ № 15-

15-10006) 
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ɍȾɄ 581.1 
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ɂɫɫɥɟɞɨɜɚɧ ɮɢɬɨɫɬɟɪɢɧɨɜɵɣ ɩɪɨɮɢɥɶ ɯɜɨɢ ɢ ɤɚɥɥɭɫɨɜ Larix sibirica Ledeb, Pinus sylvestris L., Picea pungens 

Engelm., P. koraiensis Siebold & Zucc. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɨɫɬɚɜ ɮɢɬɨɫɬɟɪɢɧɨɜ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɜɯɨɞɹɬ: 
ɤɚɦɩɟɫɬɟɪɢɧ, ɫɬɢɝɦɚɫɬɟɪɢɧ, β-ɫɢɬɨɫɬɟɪɢɧ, ɚ ɬɚɤɠɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɯɨɥɟɫɬɟɪɨɥɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɫɨɞɟɪɠɚɧɢɟ ɢ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɫɬɟɪɢɧɨɜ ɜ ɯɜɨɟ ɢ ɤɭɥɶɬɭɪɟ ɬɤɚɧɟɣ ɯɜɨɣɧɵɯ ɪɚɫɬɟɧɢɣ, ɚ ɬɚɤɠɟ ɭ ɤɥɟɬɨɱɧɵɯ 
ɥɢɧɢɣ ɫ ɪɚɡɧɨɣ ɫɬɟɩɟɧɶɸ ɷɦɛɪɢɨɝɟɧɧɨɫɬɢ, ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɬɥɢɱɢɹ. ɗɬɨɬ ɮɚɤɬ ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ 
ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɮɢɬɨɫɬɟɪɢɧɨɜ ɜ ɩɪɨɰɟɫɫɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɜ ɤɭɥɶɬɭɪɟ ɬɤɚɧɢ ɯɜɨɣɧɵɯ ɪɚɫɬɟɧɢɣ. 

The phytosterol profile of needles and callus Larix sibirica Ledeb, Pinus sylvestris L., Picea pungens Engelm., P. 

koraiensis Siebold & Zucc. was investigated. It was shown that phytosterols of all investigated objects include: campesterol, 

stigmasterol, β-sitosterol, and also an unsubstantial amount of cholesterol. It was established that the content and qualitative 

composition of sterols in needles and in tissues culture of coniferous plants, as well as in cell lines with various degrees of 

embryogenicity, were significantly different. This fact may indicate the involvement of phytosterols in the processes of 

differentiation in tissue culture of coniferous plants. 

 

ɉɪɢɪɨɞɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɟɫɬɟɫɬɜɟɧɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɚɪɟɚɥɚ ɯɜɨɣɧɵɯ, 
ɭɫɭɝɭɛɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɸɳɢɦ ɚɧɬɪɨɩɨɝɟɧɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ. ɉɨɷɬɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɤɨɪɟɧɧɵɯ ɬɢɩɨɜ ɥɟɫɚ ɧɚ ɥɟɫɨɫɟɤɚɯ ɩɪɨɲɥɵɯ ɥɟɬ, ɩɨɜɵɲɟɧɢɟ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɢ ɛɢɨɷɤɨɥɨɝɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɟɫɨɜ ɧɚ ɛɢɨɝɟɨɰɟɧɨɬɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɢ ɫɨɯɪɚɧɟɧɢɟ ɜɨɞɨɨɯɪɚɧɧɨɣ ɪɨɥɢ ɥɟɫɧɵɯ 
ɧɚɫɚɠɞɟɧɢɣ ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɫɬɟɩɟɧɧɨɣ ɡɚɞɚɱɟɣ [1]. Ⱦɥɹ ɟɟ ɪɟɲɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɱɟɬɚɬɶ ɦɟɬɨɞɵ 
ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɥɟɤɰɢɢ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɢɟɦɚɦɢ (ɬɚɤɢɦɢ ɤɚɤ ɩɨɥɭɱɟɧɢɟ 
ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɭɥɶɬɭɪ ɤɥɟɬɨɤ in vitro), ɹɜɥɹɸɳɢɦɢɫɹ ɜɚɠɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɜ ɮɢɡɢɨɥɨɝɨ-
ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [2]. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɪɚɫɬɟɧɢɣ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɹ 
ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɨɤ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɬɤɚɧɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ 
ɪɚɫɬɟɧɢɟɦ. ɍɫɩɟɲɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɩɨɞɪɨɛɧɨɝɨ 
ɢɡɭɱɟɧɢɹ ɬɚɤɢɯ ɢɡɦɟɧɟɧɢɣ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜ ɫɨɫɬɚɜɟ ɛɟɥɤɨɜ, ɭɝɥɟɜɨɞɨɜ ɢ ɥɢɩɢɞɨɜ. ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɬɚɤɢɟ ɥɢɩɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɚɤ ɪɚɫɬɢɬɟɥɶɧɵɟ ɫɬɟɪɢɧɵ (ɮɢɬɨɫɬɟɪɢɧɵ) ɹɜɥɹɸɬɫɹ ɠɢɡɧɟɧɧɨ 
ɜɚɠɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɦɟɦɛɪɚɧ – ɢɝɪɚɸɬ ɧɟ ɬɨɥɶɤɨ ɫɬɪɭɤɬɭɪɧɭɸ, ɧɨ ɢ ɪɟɝɭɥɹɬɨɪɧɭɸ ɪɨɥɶ ɜ 
ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɚɯ.  

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɮɢɬɨɫɬɟɪɢɧɚɦɢ ɹɜɥɹɸɬɫɹ β-ɫɢɬɨɫɬɟɪɢɧ, ɫɬɢɝɦɚɫɬɟɪɢɧ ɢ 
ɤɚɦɩɟɫɬɟɪɢɧ. β-ɫɢɬɨɫɬɟɪɢɧ ɢ ɤɚɦɩɟɫɬɟɪɢɧ, ɢɝɪɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɭɩɨɪɹɞɨɱɢɜɚɧɢɢ 
ɠɢɪɧɨɤɢɫɥɨɬɧɵɯ ɰɟɩɟɣ ɜ ɦɟɦɛɪɚɧɟ, ɱɬɨ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɟɟ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɞɥɹ ɜɨɞɵ ɢ ɢɨɧɨɜ, ɚ 
ɬɚɤɠɟ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɵɯ ɛɟɥɤɨɜ. ɋɬɟɪɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɜɨɜɥɟɱɟɧɵ ɜ ɩɪɨɰɟɫɫɵ 
ɚɞɚɩɬɚɰɢɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɟɦɛɪɚɧ ɤ ɢɡɦɟɧɟɧɢɹɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɦɨɝɭɬ ɦɨɞɭɥɢɪɨɜɚɬɶ ɚɤɬɢɜɧɨɫɬɶ 
ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɫɬɢɝɦɚɫɬɟɪɢɧ ɢ ɯɨɥɟɫɬɟɪɢɧ ɪɟɝɭɥɢɪɭɟɬ ɚɤɬɢɜɧɨɫɬɶ 
Na+/Ʉ+ -ȺɌɎɚɡɵ ɜ ɤɥɟɬɤɚɯ ɪɚɫɬɟɧɢɣ. ɂɡɜɟɫɬɧɨ ɬɚɤɠɟ, ɱɬɨ β-ɫɢɬɨɫɬɟɪɢɧ ɢ ɫɬɢɝɦɚɫɬɟɪɢɧ ɢɝɪɚɸɬ 
ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɤɥɟɬɨɱɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɢ ɩɪɨɥɢɮɟɪɚɰɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɤ ɧɚɫɬɨɹɳɟɦɭ 
ɜɪɟɦɟɧɢ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɫɬɟɪɢɧɵ ɫɥɭɠɚɬ ɫɢɝɧɚɥɶɧɵɦɢ ɢ/ɢɥɢ ɪɟɝɭɥɹɬɨɪɧɵɦɢ 
ɦɨɥɟɤɭɥɚɦɢ, ɜɨɜɥɟɱɟɧɧɵɦɢ ɜ ɩɪɨɰɟɫɫɵ ɪɨɫɬɚ ɢ ɪɚɡɜɢɬɢɹ ɪɚɫɬɟɧɢɹ [3]. ɉɨɷɬɨɦɭ, ɞɥɹ ɩɨɧɢɦɚɧɢɹ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɢɩɢɞɧɨɝɨ ɨɛɦɟɧɚ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɬɤɚɧɟɣ ɭ ɯɜɨɣɧɵɯ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɵɦ ɜɵɹɜɢɬɶ ɨɬɥɢɱɢɹ ɜ ɫɨɫɬɚɜɟ ɮɢɬɨɫɬɟɪɢɧɨɜ ɜ ɤɭɥɶɬɭɪɟ in vitro ɢ ɜ ɬɤɚɧɹɯ ɪɚɫɬɟɧɢɣ, 
ɩɪɨɢɡɪɚɫɬɚɸɳɢɯ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɰɟɥɶɸ ɩɪɟɞɫɬɚɜɥɹɟɦɨɣ 
ɪɚɛɨɬɵ ɛɵɥ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɫɬɚɜɚ ɮɢɬɨɫɬɟɪɢɧɨɜ ɤɚɥɥɭɫɨɜ ɢ ɯɜɨɢ Larix sibirica Ledeb, 
Pinus sylvestris L., Picea pungens Engelm., P. koraiensis Siebold & Zucc.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɯɜɨɹ ɢ ɤɚɥɥɭɫɵ P. sylvestris, P. pungens, 
P. koraiensis, ɚ ɬɚɤɠɟ ɯɜɨɹ ɢ ɤɚɥɥɭɫɵ L. sibirica ɫ ɪɚɡɧɵɦ ɷɦɛɪɢɨɝɟɧɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɜ ɫɨɫɬɚɜ ɮɢɬɨɫɬɟɪɢɧɨɜ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɜɯɨɞɹɬ: ɤɚɦɩɟɫɬɟɪɢɧ, ɫɬɢɝɦɚɫɬɟɪɢɧ, β-
ɫɢɬɨɫɬɟɪɢɧ, ɚ ɬɚɤɠɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɯɨɥɟɫɬɟɪɨɥɚ. β-ɫɢɬɨɫɬɟɪɢɧ ɹɜɥɹɟɬɫɹ 
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ɞɨɦɢɧɢɪɭɸɳɢɦ ɤɨɦɩɨɧɟɧɬɨɦ ɤɚɤ ɞɥɹ ɯɜɨɢ, ɬɚɤ ɢ ɞɥɹ ɤɚɥɥɭɫɨɜ ɜɫɟɯ ɜɢɞɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. Ɉɛɵɱɧɨ, ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɟɨɛɥɚɞɚɸɳɢɯ ɫɬɟɪɢɧɨɜ 
ɪɚɫɬɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 70% β-ɫɢɬɨɫɬɟɪɢɧɚ, 5% ɫɬɢɝɦɚɫɬɟɪɢɧɚ ɢ 20% ɤɚɦɩɟɫɬɟɪɢɧɚ 
(ɢɥɢ >70% 24-ɷɬɢɥɫɬɟɪɢɧɨɜ ɢ <30% 24-ɦɟɬɢɥɫɬɟɪɢɧɨɜ) [4]. ȼ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɨɞɟɪɠɚɧɢɟ β-
ɫɢɬɨɫɬɟɪɢɧɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɪɟɜɵɲɚɥɨ 90%. Ⱥɜɬɨɪɚɦɢ [5] ɩɨɤɚɡɚɧɨ ɱɬɨ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 
ɮɢɬɨɫɬɟɪɢɧɨɜ ɯɜɨɢ Larix decidua ɹɜɥɹɟɬɫɹ β-ɫɢɬɨɫɬɟɪɢɧ (95%). Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɥɢɫɬɜɟɧɧɢɰɵ ɫɢɛɢɪɫɤɨɣ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɚɥɥɭɫɵ 
ɫ ɪɚɡɧɵɦ ɷɦɛɪɢɨɝɟɧɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ. Ⱦɥɹ ɥɢɫɬɜɟɧɧɢɰɵ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ β-
ɫɢɬɨɫɬɟɪɢɧɚ ɫɨɞɟɪɠɚɥɨɫɶ ɜ ɬɤɚɧɹɯ ɧɟɷɦɛɪɢɨɝɟɧɧɨɝɨ ɤɚɥɥɭɫɚ, ɧɟ ɨɛɪɚɡɭɸɳɟɝɨ ɪɟɝɟɧɟɪɚɧɬɨɜ (Ʉɥ 
23) - 14,78 ɦɝ/ɝ ɫɭɯɨɝɨ ɜɟɫɚ, ɦɢɧɢɦɚɥɶɧɨɟ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ (1,12 ɦɝ/ɝ ɫɭɯɨɝɨ ɜɟɫɚ) ɨɛɧɚɪɭɠɟɧɨ ɜ 
ɬɤɚɧɹɯ ɷɦɛɪɢɨɝɟɧɧɨɝɨ ɤɚɥɥɭɫɚ, ɧɟ ɞɚɸɳɟɝɨ ɪɟɝɟɧɟɪɚɧɬɨɜ (Ʉɥ 10). Ⱦɥɹ ɤɚɥɥɭɫɨɜ, ɮɨɪɦɢɪɭɸɳɢɯ 
ɪɟɝɟɧɟɪɚɧɬɵ, ɫɨɞɟɪɠɚɧɢɟ β-ɫɢɬɨɫɬɟɪɢɧɚ ɫɨɫɬɚɜɥɹɥɨ 6,00 ɦɝ/ɝ ɫɭɯɨɝɨ ɜɟɫɚ, ɚ ɞɥɹ ɯɜɨɢ 
ɥɢɫɬɜɟɧɧɢɰɵ 9,95 ɦɝ/ɝ ɫɭɯɨɝɨ ɜɟɫɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɚɦɩɟɫɬɟɪɢɧɚ ɜɥɟɱɟɬ ɡɚ 
ɫɨɛɨɣ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɛɪɚɫɫɢɧɨɫɬɟɪɢɧɨɜ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɵɡɵɜɚɟɬ ɬɨɪɦɨɠɟɧɢɟ ɪɨɫɬɚ 
ɢ ɪɚɡɜɢɬɢɹ ɪɚɫɬɟɧɢɣ. ɇɚɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɥɹ ɷɦɛɪɢɨɝɟɧɧɵɯ ɤɚɥɥɭɫɨɜ 
ɫɨɞɟɪɠɚɧɢɟ ɤɚɦɩɟɫɬɟɪɢɧɚ ɜɞɜɨɟ ɜɵɲɟ ɜ ɬɤɚɧɹɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ, ɞɚɸɳɢɯ ɪɟɝɟɧɟɪɚɧɬɵ, ɱɟɦ ɭ 
ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ, ɧɟ ɫɩɨɫɨɛɧɵɯ ɤ ɢɯ ɨɛɪɚɡɨɜɚɧɢɸ.  

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɢ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɫɬɟɪɢɧɨɜ 
ɜ ɯɜɨɟ ɢ ɤɭɥɶɬɭɪɟ ɬɤɚɧɟɣ ɯɜɨɣɧɵɯ ɪɚɡɥɢɱɚɟɬɫɹ ɤɚɤ ɦɟɠɞɭ ɢɧɬɚɤɬɧɵɦ ɪɚɫɬɟɧɢɟɦ ɢ ɤɚɥɥɭɫɚɦɢ, ɬɚɤ 
ɢ ɦɟɠɞɭ ɤɥɟɬɨɱɧɵɦɢ ɥɢɧɢɹɦɢ ɫ ɪɚɡɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɷɦɛɪɢɨɝɟɧɧɨɫɬɢ (ɜ ɫɥɭɱɚɟ ɥɢɫɬɜɟɧɧɢɰɵ). 
ȼɵɹɜɥɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɦɨɝɭɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɮɢɬɨɫɬɟɪɢɧɨɜ ɜ ɩɪɨɰɟɫɫɵ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɜ ɤɭɥɶɬɭɪɟ ɬɤɚɧɢ ɯɜɨɣɧɵɯ ɪɚɫɬɟɧɢɣ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɢɡɭɱɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢɡɦɟɧɟɧɢɣ ɫɨɫɬɚɜɚ ɮɢɬɨɫɬɟɪɢɧɨɜ ɜ ɯɨɞɟ 
ɷɦɛɪɢɨɝɟɧɟɡɚ ɯɜɨɣɧɵɯ ɜ ɤɭɥɶɬɭɪɟ in vitro ɩɨɡɜɨɥɢɬ ɜɵɹɫɧɢɬɶ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɪɨɥɶ ɩɟɪɟɫɬɪɨɟɤ 
ɥɢɩɢɞɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ ɧɚ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧ ɜɬɨɪɢɱɧɨɣ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ.  
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ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɬɪɭɤɬɭɪɧɨ-ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ N-

ɝɥɢɤɨɤɨɧɴɸɝɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɚɥɶɛɭɦɢɧɚ. Ɇɟɬɨɞɨɦ ɧɟɢɧɜɚɡɢɜɧɨɣ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢɡɭɱɟɧɨ ɛɢɨɩɨɜɟɞɟɧɢɟ 
ɝɥɢɤɨɤɥɚɫɬɟɪɨɜ ɜ ɨɪɝɚɧɢɡɦɚɯ ɦɵɲɟɣ. 

Within the framework of this project, we have developed method for the synthesis of structurally well-defined 

heterogeneous N-glycoconjugates on the base of albumin. Glycoclusters behavior was studied on the mice models with the 

use of noninvasive fluorescence imaging. 

 
ɀɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɢɫɩɨɥɶɡɭɸɬ ɜɫɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɩɪɨɫɬɵɯ ɢ ɫɥɨɠɧɵɯ ɭɝɥɟɜɨɞɨɜ ɢ ɪɚɡɥɢɱɧɵɯ 

ɝɥɢɤɨɤɨɧɴɸɝɚɬɨɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɨɟɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. Ⱥɫɩɚɪɚɝɢɧ-ɫɜɹɡɚɧɧɵɟ ɝɥɢɤɚɧɵ 
(N-ɝɥɢɤɚɧɵ) ɢ ɢɯ ɝɥɢɤɨɤɨɧɴɸɝɚɬɵ ɢɝɪɚɸɬ ɨɫɨɛɟɧɧɨ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɬɚɤɢɯ ɹɜɥɟɧɢɹɯ, ɤɚɤ 
ɜɪɨɠɞɟɧɧɵɣ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ, ɚɞɝɟɡɢɹ ɤɥɟɬɨɤ ɢɥɢ ɨɩɨɫɪɟɞɨɜɚɧɧɚɹ ɪɟɰɟɩɬɨɪɚɦɢ ɫɢɝɧɚɥɶɧɚɹ 
ɬɪɚɧɫɞɭɤɰɢɹ, ɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɵ ɧɚ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ 
ɦɟɯɚɧɢɡɦɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ. ȼɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɷɬɢɯ ɦɟɯɚɧɢɡɦɨɜ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɵ 
ɦɭɥɶɬɢɜɚɥɟɧɬɧɨɫɬɢ ɢ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ, ɫɜɨɣɫɬɜɟɧɧɵɟ ɝɥɢɤɚɧɚɦ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ 
ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɫɬɪɭɤɬɭɪɧɨ-ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ N-ɝɥɢɤɨɤɥɚɫɬɟɪɨɜ ɧɚ 
ɨɫɧɨɜɟ ɚɥɶɛɭɦɢɧɚ ɢ ɢɡɭɱɟɧɢɸ ɢɯ ɩɨɜɟɞɟɧɢɹ in vivo. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɮɪɚɝɦɟɧɬɵ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɝɥɢɤɚɧɨɜ ɛɵɥɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɜɟɞɟɧɵ ɜ ɟɞɢɧɭɸ ɚɡɢɞ-ɫɨɞɟɪɠɚɳɭɸ ɫɬɪɭɤɬɭɪɭ ɢ, ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɜɹɡɵɜɚɧɢɹ 
ɫ ɚɥɶɛɭɦɢɧɨɦ, ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɬɪɚɬɟɝɢɹ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɤɥɢɤ-ɪɟɚɤɰɢɣ [1, 2]. ɇɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚɦɢ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɞɢɡɚɣɧ ɢ ɩɹɬɢɫɬɚɞɢɣɧɵɣ ɫɢɧɬɟɡ ɧɨɜɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ 1, ɫɨɞɟɪɠɚɳɟɝɨ ɬɚɤɢɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɪɚɝɦɟɧɬɵ, ɤɚɤ ɚɡɢɞɧɚɹ ɝɪɭɩɩɚ ɢ ɞɜɟ 
ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ N-ɝɢɞɪɨɤɫɢɫɭɤɰɢɧɢɦɢɞɨɦ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɞɚɥɟɟ ɩɨɡɜɨɥɢɥɢ 
ɜɜɟɫɬɢ ɨɫɬɚɬɤɢ ɞɜɭɯ ɪɚɡɧɵɯ ɝɥɢɤɚɧɨɜ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɛɢɨɤɨɧɴɸɝɚɰɢɸ ɫ ɛɟɥɤɨɦ. 
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Ɋɟɚɤɰɢɹ ɚɡɢɞɚ 1 ɫ ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦɢ ɝɥɢɤɚɧɚɦɢ ɚ ɢ b ɢɥɢ ɚ ɢ ɫ (ɝɥɢɤɚɧ ɚ ɫ ɬɟɪɦɢɧɚɥɶɧɨɣ 
α(2,6)-ɫɢɚɥɨɜɨɣ ɤɢɫɥɨɬɨɣ, ɝɥɢɤɚɧ b ɫ ɬɟɪɦɢɧɚɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɝɚɥɚɤɬɨɡɵ, ɝɥɢɤɚɧ c ɫ 
ɬɟɪɦɢɧɚɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɦɚɧɧɨɡɵ) ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɦɟɫɢ ɞɢ- ɢ ɦɨɧɨɡɚɦɟɳɟɧɧɵɯ 
ɩɪɨɞɭɤɬɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ȼɗɀɏ ɩɨɡɜɨɥɢɥɨ ɪɚɡɞɟɥɢɬɶ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɢ ɜɵɞɟɥɢɬɶ ɜ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɞɢɡɚɦɟɳɟɧɧɵɟ 2, 3 ɢ ɦɨɧɨɡɚɦɟɳɟɧɧɵɟ 4a-c ɝɥɢɤɚɧɚɡɢɞɵ [1]. 

ɉɨɫɥɟɞɭɸɳɚɹ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɝɥɢɤɚɧɚɡɢɞɨɜ 2a ɢ 2b ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɚɥɶɛɭɦɢɧɚ, 
ɧɟɫɭɳɟɝɨ ɮɥɭɨɪɟɫɰɟɧɬɧɭɸ ɦɟɬɤɭ, ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɢɤɢ ɞɜɭɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɤɥɢɤ-ɪɟɚɤɰɢɣ [2]. ȼɨ-ɩɟɪɜɵɯ, ɷɬɨ ɤɥɢɤ ɪɟɚɤɰɢɹ, ɩɪɨɦɨɬɢɪɭɟɦɚɹ ɧɚɩɪɹɠɟɧɢɟɦ 
ɰɢɤɥɚ (ɪɟɚɤɰɢɹ ɚɡɢɞ-ɚɥɤɢɧɨɜɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ), ɦɟɠɞɭ ɝɥɢɤɚɧɚɡɢɞɨɦ ɢ ɧɟɧɚɫɵɳɟɧɧɵɦ 
ɚɥɶɞɟɝɢɞɨɦ 5, ɫɨɞɟɪɠɚɳɢɦ ɮɪɚɝɦɟɧɬ ɰɢɤɥɨɨɤɬɢɧɚ. ȼɨ-ɜɬɨɪɵɯ, ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɨɫɥɟɞɭɸɳɚɹ 
ɪɟɚɤɰɢɹ 6π-ɚɡɚɷɥɟɤɬɪɨɰɢɤɥɢɡɚɰɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫ ɮɥɭɨɪɟɫɰɟɧɬɧɨ ɦɟɱɟɧɵɦ 
ɚɥɶɛɭɦɢɧɨɦ. Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɢɥɚ ɷɮɮɟɤɬɢɜɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɬɶ ɪɚɡɥɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɦɨɥɟɤɭɥ ɝɥɢɤɚɧɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɚɥɶɛɭɦɢɧɚ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 
ɝɥɢɤɚɧ-ɚɥɶɞɟɝɢɞɨɜ 5a ɢ 5b. Ɍɚɤ, ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɝɥɢɤɨɚɥɶɛɭɦɢɧɵ ɫ 4 ɢ 10 ɦɨɥɟɤɭɥɚɦɢ 
ɝɥɢɤɚɧɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɥɶɛɭɦɢɧɚ 6a, 6b ɢ 7a, 7b, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ȼɢɨɩɨɜɟɞɟɧɢɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɝɥɢɤɨɚɥɶɛɭɦɢɧɨɜ in vivo ɛɵɥɨ ɢɡɭɱɟɧɨ ɦɟɬɨɞɨɦ 
ɧɟɢɧɜɚɡɢɜɧɨɣ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɧɚ ɦɵɲɢɧɨɣ ɦɨɞɟɥɢ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɝɨɦɨɝɟɧɧɵɟ ɚɧɚɥɨɝɢ ɝɥɢɤɨɚɥɶɛɭɦɢɧɨɜ 6a ɢ 7a ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɵɜɨɞɹɬɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ ɱɟɪɟɡ 
ɦɨɱɟɜɨɣ ɩɭɡɵɪɶ ɢɥɢ ɱɟɪɟɡ ɠɟɥɱɧɵɣ ɩɭɡɵɪɶ ɢ ɤɢɲɟɱɧɢɤ ((2,6)ɫиɚ – ɝɨɦɨɝɟɧɧɵɣ α(2,6)-ɫɢɚɥɨɜɵɣ 
ɝɥɢɤɨɚɥɶɛɭɦɢɧ, гɚɥ – ɝɨɦɨɝɟɧɧɵɣ ɝɚɥɚɤɬɨɡɧɵɣ ɝɥɢɤɨɚɥɶɛɭɦɢɧ) [2]. ɉɨɥɭɱɟɧɧɵɟ ɧɚɦɢ 
ɝɟɬɟɪɨɝɟɧɧɵɟ ɝɥɢɤɨɚɥɶɛɭɦɢɧɵ 6a ɢ 7a ɩɨɤɚɡɚɥɢ ɩɪɨɦɟɠɭɬɨɱɧɭɸ ɷɤɫɤɪɟɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 
ɩɪɢ ɜɵɜɟɞɟɧɢɢ ɱɟɪɟɡ ɦɨɱɟɜɨɣ ɢ ɠɟɥɱɧɵɣ ɩɭɡɵɪɢ. Ɉɞɧɚɤɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜ 
ɤɢɲɟɱɧɢɤɟ ɛɵɥɚ ɜɵɲɟ, ɱɟɦ ɭ ɝɨɦɨɝɟɧɧɵɯ ɚɧɚɥɨɝɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ ɛɨɥɟɟ ɛɵɫɬɪɭɸ 
ɬɪɚɧɫɥɨɤɚɥɢɡɚɰɢɸ ɝɟɬɟɪɨɝɟɧɧɵɯ ɝɥɢɤɨɤɥɚɫɬɟɪɨɜ 6a ɢ 7a ɢɡ ɠɟɥɱɧɨɝɨ ɩɭɡɵɪɹ ɜ ɤɢɲɟɱɧɢɤ. 

 

 
 
Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɡɥɢɱɧɵɣ ɯɚɪɚɤɬɟɪ ɛɢɨɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɦɨɥɟɤɭɥ ɝɥɢɤɚɧɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɢɤɨɚɥɶɛɭɦɢɧɨɜ. Ɍɚɤ, ɝɥɢɤɨɚɥɶɛɭɦɢɧ 6b, ɫɨɞɟɪɠɚɳɢɣ 4 
ɦɨɥɟɤɭɥɵ ɝɥɢɤɚɧɚ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɧɚɤɚɩɥɢɜɚɥɫɹ ɜ ɤɥɟɬɤɚɯ ɩɟɱɟɧɢ, ɚ ɝɥɢɤɨɚɥɶɛɭɦɢɧ 7b, 
ɫɨɞɟɪɠɚɳɢɣ 10 ɦɨɥɟɤɭɥ ɝɥɢɤɚɧɨɜ, ɜɵɜɨɞɢɥɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ ɱɟɪɟɡ ɦɨɱɟɜɨɣ ɩɭɡɵɪɶ. 

 

 
 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɫɭɛɫɢɞɢɢ, ɜɵɞɟɥɟɧɧɨɣ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɩɨɞɞɟɪɠɤɢ Ʉɚɡɚɧɫɤɨɝɨ (ɉɪɢɜɨɥɠɫɤɨɝɨ) ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɟɝɨ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɪɟɞɢ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɧɚɭɱɧɨ–ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ. 
 

Ʌиɬеɪɚɬɭɪɚ  
1. Sequential double “clicks” toward structurally well-defined heterogeneous N-glycoclusters: the importance of cluster 

heterogeneity on pattern recognition in vivo / L. Latypova, R. Sibgatullina, A. Ogura, K. Fujiki, A. Khabibrakhmanova, T. 
Tahara, S. Nozaki, S. Urano, K. Tsubokura, H. Onoe, Y. Watanabe, A. Kurbangalieva, K. Tanaka // Adv. Sci. – 2017. – V. 4, 
iss. 2. – Art. № 1600394. – doi: 10.1002/advs.201600394. 

2. Visualizing trimming dependence of biodistribution and kinetics with homo- and heterogeneous N-glycoclusters on 
fluorescent albumin / A. Ogura, T. Tahara, S. Nozaki, K. Morimoto, Y. Kizuka, S. Kitazume, M. Hara, S. Kojima, H. Onoe, 
A. Kurbangalieva, N. Taniguchi, Y. Watanabe, K. Tanaka // Sci. Rep. – 2016. – V. 6. – P. 21797. – doi: 10.1038/srep21797. 
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ɍȾɄ 547.562.4 

 

ɋɂɇɌȿɁ ɇɈȼɕɏ ȻɂɈɅɈȽɂɑȿɋɄɂ-ȺɄɌɂȼɇɕɏ ɋɌɊɍɄɌɍɊ, ɋɈȾȿɊɀȺɓɂɏ 3-

ɎȿɇɈɄɋɂɎȿɇɂɅɖɇɕɃ ɎɊȺȽɆȿɇɌ 

 

Ɇ.ȼ. ɋɢɧɸɤ, ɘ.ȼ. ɉɨɩɨɜ, Ɍ.Ʉ. Ʉɨɪɱɚɝɢɧɚ, ȼ.ɋ. Ʌɨɛɚɫɟɧɤɨ, ɋ.ȼ. Ⱥɧɢɤɟɟɜɚ 
ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 400131, ɝ. ȼɨɥɝɨɝɪɚɞ ɩɪ. Ʌɟɧɢɧɚ, 28. 

ɟ-mail: sinyuk.marishka@mail.ru 

 
Ɇɚɬɟɪɢɚɥ ɫɨɞɟɪɠɢɬ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɢɦɢɧɨɷɮɢɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɞɢɮɟɧɢɥɨɤɫɢɞɧɵɣ 

ɮɪɚɝɦɟɧɬ, ɨɛɥɚɞɚɸɳɢɯ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 
The material contains a description of the method of obtaining new iminoethers containing diphenyloxide fragment, with 

potential biological activity. 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɧɵɟ ɞɢɮɟɧɢɥɨɤɫɢɞɚ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦ ɢɧɞɟɤɫɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 
ɚɤɬɢɜɧɨɫɬɢ, ɫɪɟɞɢ ɧɢɯ ɧɚɣɞɟɧɵ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ, ɚɧɬɢɚɥɥɟɪɝɢɱɟɫɤɢɟ, 
ɢɦɦɭɧɨɦɨɞɭɥɢɪɭɸɳɢɟ ɢ ɦɚɥɨɬɨɤɫɢɱɧɵɟ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɧɟɫɬɟɪɨɢɞɧɵɟ ɩɪɟɩɚɪɚɬɵ. 
ɇɚɩɪɢɦɟɪ, ɧɢɦɟɫɭɥɢɞ – N-(4-ɧɢɬɪɨ-2-ɮɟɧɤɨɫɢɮɟɧɢɥ)ɦɟɬɚɧ ɫɭɥɶɮɨɧɚɧɢɥɢɞ  - ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɚ ɢɦɟɧɧɨ, ɨɤɚɡɵɜɚɟɬ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɨɟ, ɚɧɚɥɶɝɟɡɢɪɭɸɳɟɟ ɢ 
ɠɚɪɨɩɨɧɢɠɚɸɳɟɟ ɞɟɣɫɬɜɢɟ [1].  

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ [2], ɧɟɤɨɬɨɪɵɟ ɢɦɢɧɨɷɮɢɪɵ N-(ɡɚɦɟɳɟɧɧɨɣ)-3-ɮɟɧɨɤɫɢɛɟɧɡɨɣɧɨɣ 
ɤɢɫɥɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɝɢɞɪɨɯɥɨɪɢɞɨɜ ɢɦɢɞɚɬɨɜ 3-ɮɟɧɨɤɫɢɛɟɧɡɨɣɧɨɣ 
ɤɢɫɥɨɬɵ ɫ ɯɥɨɪɚɧɝɢɞɪɢɞɚɦɢ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ (ɯɥɨɪɚɧɝɢɞɪɢɞ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɯɥɨɪɚɧɝɢɞɪɢɞ 
ɤɚɩɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɬɢɨɮɟɧɢɥ-2-ɤɚɪɛɨɧɢɥɯɥɨɪɢɞ, 2-ɯɥɨɪɨɧɢɤɨɬɢɧɨɢɥɯɥɨɪɢɞ), ɩɨ ɞɚɧɧɨɣ ɫɯɟɦɟ 
[3]: 

 
 

ɝɞɟ R= ; ; 

R1= -(CH2)2-CH3; -(CH2)4-CH3; ; . 
 

Ɋɢɫ.1. ɋɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɢɦɢɧɨɷɮɢɪɨɜ N-(ɡɚɦɟɳɟɧɧɨɣ)-3-ɮɟɧɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ 
 

ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 60-65 °ɋ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ ɩɪɢ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 
ɪɟɚɝɟɧɬɨɜ ɢ ɞɜɭɤɪɚɬɧɨɦ ɢɡɛɵɬɤɟ ɬɪɢɷɬɢɥɚɦɢɧɚ ɜ ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ 1,4-ɞɢɨɤɫɚɧɚ [4]. 
Ɍɪɢɷɬɢɥɚɦɢɧ ɜɵɫɬɭɩɚɥ ɜ ɪɨɥɢ ɚɤɰɟɩɬɨɪɚ ɯɥɨɪɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ. ɉɪɢ ɷɬɨɦ ɜɵɯɨɞɵ ɰɟɥɟɜɵɯ 
ɜɟɳɟɫɬɜ ɫɨɫɬɚɜɢɥɢ 60-85%. ɋɬɪɨɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɂɄ- ɢ əɆɊ 1ɇ – 
ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ. 

 
Ʌиɬеɪɚɬɭɪɚ 

1. ɉɪɢɦɟɧɟɧɢɟ ɧɢɦɟɫɭɥɢɞɚ ɜ ɩɟɞɢɚɬɪɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ / ɂ. ɉ. ɇɢɤɢɲɢɧɚ [ɢ ɞɪ.] // Consilium Medicum 
ɉɟɞɢɚɬɪɢɹ. – 2006. – Ɍ8 №1. – ɋ. 123-129 

2. Ɇɢɲɟɧɶ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɨɢɫɤ ɚɧɬɢɞɢɚɛɟɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ / Ⱦ. Ⱥ. Ⱥɥɟɲɢɧ [ɢ ɞɪ.] ; ɩɨɞ. ɪɟɞ. Ⱥ. Ⱥ. 
ɋɩɚɫɨɜɚ. – ȼɨɥɝɨɝɪɚɞ : ɂɡɞɚɬɟɥɶɫɬɜɨ ȼɨɥɝȽɆɍ, 2016. – ɋ. 232 

3. ɋɢɧɬɟɡ ɢ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɧɵɯ 3-ɮɟɧɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ / Ⱥ. Ⱥ. ɋɩɚɫɨɜ [ɢ ɞɪ.] // 
ɀɭɪɧɚɥ ɛɢɨɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ. – 2017. Ɍ43 №2. – ɋ. 189-196 

4. ɉɨɩɨɜ ɘ.ȼ. ɉɪɨɢɡɜɨɞɧɵɟ ɞɢɮɟɧɢɥɨɤɫɢɞɚ. ɋɢɧɬɟɡ, ɪɟɚɤɰɢɢ ɢ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ : ɦɨɧɨɝɪɚɮɢɹ / ɉɨɩɨɜ 
ɘ.ȼ., Ʉɨɪɱɚɝɢɧɚ Ɍ.Ʉ., Ʌɨɛɚɫɟɧɤɨ ȼ.ɋ.; ȼɨɥɝȽɌɍ. - ȼɨɥɝɨɝɪɚɞ, 2015. - 246 ɫ. 
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ɋɂɇɌȿɁ ɇɈȼɕɏ ɉɊɈɂɁȼɈȾɇɕɏ ɇɍɄɅȿɈɁɂȾɈȼ ɋ ȺɄɌɂȼɇɈɋɌɖɘ  

ɉɊɈɌɂȼ ȼɂɑ ɂ ȾɊɍȽɂɏ ȼɂɊɍɋɈȼ ɑȿɅɈȼȿɄȺ 
 

ɉ.ɇ. ɋɨɥɶɟɜ, Ɇ.Ʉ. Ʉɭɯɚɧɨɜɚ, Ɇ.ȼ. əɫɶɤɨ, ɋ.ɇ. Ʉɨɱɟɬɤɨɜ 
ɂɧɫɬɢɬɭɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ ɢɦ. ȼ.Ⱥ. ɗɧɝɟɥɶɝɚɪɞɬɚ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɂɆȻ ɊȺɇ);  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 111991, ɝ. Ɇɨɫɤɜɚ, ɭɥ. ȼɚɜɢɥɨɜɚ, ɞ.32. 

 
ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɫɨɡɞɚɧɢɟ ɢɧɝɢɛɢɬɨɪɨɜ ɪɟɩɥɢɤɚɰɢɢ ȼɂɑ ɢ ɞɪɭɝɢɯ, ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɟɦɭ ɜɢɪɭɫɨɜ. Ȼɵɥɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɤɚɪɛɚɦɚɬɧɵɟ ɢ ɮɨɫɮɨɧɚɬɧɵɟ ɞɟɩɨ-ɮɨɪɦɵ ɚɧɬɢ-ȼɂɑ ɩɪɟɩɚɪɚɬɨɜ ɡɢɞɨɜɭɞɢɧɚ (3’-ɚɡɢɞɨ-3’-
ɞɟɡɨɤɫɢɬɢɦɢɞɢɧɚ, AZT) ɢ ɥɚɦɢɜɭɞɢɧɚ (L-2’,3’-ɞɢɞɟɡɨɤɫɢ-3’-ɬɢɚɰɢɬɢɞɢɧɚ, 3Ɍɋ). Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɪɚɛɨɬɚɧɵ ɫɯɟɦɵ 
ɫɢɧɬɟɡɚ ɢ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɚɰɢɤɥɢɱɟɫɤɢɟ ɮɨɫɮɨɧɚɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɭɪɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɟ ɨɤɫɢɦɧɵɣ ɮɪɚɝɦɟɧɬ ɜ 
ɰɟɩɢ. ɂɡɭɱɟɧɚ ɚɧɬɢɜɢɪɭɫɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜ ɤɭɥɶɬɭɪɚɯ ɤɥɟɬɨɤ, ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ȼɂɑ, ɜɢɪɭɫɚɦɢ 
ɝɟɪɩɟɫɚ ɢ ɝɟɩɚɬɢɬɚ ɋ, ɨɩɪɟɞɟɥɟɧɚ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɬɞɟɥɶɧɵɯ 
ɞɟɩɨ-ɮɨɪɦ ɢɫɫɥɟɞɨɜɚɧɵ ɧɚ ɠɢɜɨɬɧɵɯ ɦɨɞɟɥɹɯ. 

The aim of the work was to create the inhibitors of HIV replication and other related viruses. A set of new carbamate 

and phosphonate depot forms of antivirals zidovudine (3’-azido-3’-deoxythymidine, AZT) and lamivudine (L-2’,3’-dideoxy-

3’-thiacitidine, 3TC) has been synthesized. In addition, new acyclic phosphonate derivatives of purines containing oximes in 

the side-chain were designed and synthesized. The antiviral activity of the products in cell cultures infected with HIV, herpes 

viruses or hepatitis C virus has been studied, as well as cytotoxicity in uninfected cells; pharmacokinetics of the most 

promising depot forms of nucleosides was studied in the animal models. 

 
Ɂɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɛɵɥɢ ɫɨɡɞɚɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɚɧɬɢɜɢɪɭɫɧɵɟ ɩɪɟɩɚɪɚɬɵ ɧɚ ɨɫɧɨɜɟ 

ɚɧɚɥɨɝɨɜ ɧɭɤɥɟɨɡɢɞɨɜ, ɫɬɚɜɲɢɟ ɨɫɧɨɜɨɣ ɜɵɫɨɤɨɚɤɬɢɜɧɨɣ ɚɧɬɢɪɟɬɪɨɜɢɪɭɫɧɨɣ ɬɟɪɚɩɢɢ. Ɇɧɨɝɢɦ ɢɡ 
ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɟɩɚɪɚɬɨɜ ɩɪɢɫɭɳɢ ɧɟɞɨɫɬɚɬɤɢ, ɬɚɤɢɟ ɤɚɤ ɩɥɨɯɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ, ɬɨɤɫɢɱɟɫɤɢɟ 
ɩɨɛɨɱɧɵɟ ɷɮɮɟɤɬɵ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɟɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɧɟɢɡɛɟɠɧɨɟ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɪɟɡɢɫɬɟɧɬɧɵɯ ɤ ɧɢɦ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɷɬɢɯ ɩɪɨɛɥɟɦ 
ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɨɣ ɞɟɩɨ-ɮɨɪɦɵ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ (ɩɪɨɥɟɤɚɪɫɬɜɚ).  

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɵɯ ɞɟɩɨ-ɮɨɪɦ, ɛɵɥ ɩɪɨɜɟɞёɧ ɫɢɧɬɟɡ ɤɚɤ ɤɚɪɛɚɦɚɬɧɵɯ, ɬɚɤ ɢ 
ɮɨɫɮɨɧɚɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɧɭɤɥɟɨɡɢɞɧɵɯ ɚɧɚɥɨɝɨɜ, ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ ɢ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ 
ɮɨɫɮɨɧɚɬɧɨɦ ɨɫɬɚɬɤɟ (ɫɯɟɦɚ 1).  

 
ɋɯɟɦɚ 1. ɋɢɧɬɟɡ ɮɨɫɮɨɧɚɬɧɵɯ ɢ ɤɚɪɛɚɦɚɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. ɍɫɥɨɜɢɹ: i - RP(O)Cl2, PO(OEt)3, 5°C, 18 ɱ;  

ii - RP(O)(OH)2, TPS-Cl, Py, 18 ɱ; iii - RP(O)(OH)2, DCC, Py, 10 ɱ; iv - 3TC ɢɥɢ AZT, TPS-Cl, Py, 18 ɱ;  
v - NaN3, DMF, 12 ɱ; vi - CDI, DMF, ɡɚɬɟɦ NHR2, 18 ɱ. 
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Ⱦɥɹ ɫɢɧɬɟɡɚ ɮɨɫɮɨɧɚɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 3’-ɚɡɢɞɨ-3’-ɞɟɡɨɤɫɢɬɢɦɢɞɢɧɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɢ 
ɪɚɡɥɢɱɧɵɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɭɬɢ. Ⱦɢɦɟɪɵ ɚɧɚɥɨɝɨɜ ɧɭɤɥɟɨɡɢɞɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ 
ɜɜɢɞɭ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɚɧɬɢ-ȼɂɑ ɩɪɟɩɚɪɚɬɨɜ ɜ ɨɞɧɨɣ ɦɨɥɟɤɭɥɟ. Ƚɢɞɪɨɥɢɡ ɞɜɭɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɫ ɪɚɡɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢɥɢ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶɸ, ɢ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ 
ɨɪɝɚɧɢɡɦɟ ɤɨɧɟɱɧɵɯ ɚɤɬɢɜɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɨ. Ⱥɧɬɢɜɢɪɭɫɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢ 
ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɜɟɳɟɫɬɜ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɇɂɂ ȼɢɪɭɫɨɥɨɝɢɢ ɢɦ. Ⱦ.ɂ. ɂɜɚɧɨɜɫɤɨɝɨ (ɬɚɛɥɢɰɚ 

1). ɉɪɨɢɡɜɨɞɧɨɟ IId ɨɤɚɡɚɥɨɫɶ ɫɚɦɵɦ ɚɤɬɢɜɧɵɦ ɢɡ ɪɹɞɚ ɢ ɩɪɟɜɵɲɚɥɨ ɚɤɬɢɜɧɨɫɬɶ AZT ɜ 2 ɪɚɡɚ, ɚ 
ɩɪɟɩɚɪɚɬɚ ɇɢɤɚɜɢɪ® (H-ɮɨɫɮɨɧɚɬɚ AZT) – ɜ 8 ɪɚɡ. 
 
Ɍɚɛɥɢɰɚ 1. Ⱥɧɬɢ-ȼɂɑ ɫɜɨɣɫɬɜɚ ɛɢɫ-ɧɭɤɥɟɨɡɢɞɧɵɯ ɮɨɫɮɨɧɚɬɨɜ ɜ ɤɥɟɬɤɚɯ CEM-SS 

 ɋɨɟɞɢɧɟɧɢɟ EC50
1, μM CC50

2, μM SI3 T1/2, ɱ 

IIa Ph-P(O)(AZT)2 10 33 3,3 >24 

IIb CH3OCH2-P(O)(AZT)2 0,68 31 46 >24 

IIc PhOɋH2-P(O)(AZT)2 0,25 37 148 >24 

IId FCH2-P(O)(AZT)2 0,015 29 1933 0,78 

IIe ICH2-P(O)(AZT)2 11 39 3,5 >24 

IIf N3CH2-P(O)(AZT)2 0,18 24,5 136 12 

III PhOCH2-P(O)(AZT)(3TC) 0,24 60 250 21 

  AZT 0,037 142 3837 1,5 

  ɇɢɤɚɜɢɪ® 0,131 185 1405 6 
1 EC50 – ɷɮɮɟɤɬɢɜɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ 50% ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɟɩɥɢɤɚɰɢɢ ɜɢɪɭɫɚ; 
2 CC50 – ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɜɵɡɵɜɚɸɳɚɹ 50% ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɤɥɟɬɨɤ; 
3 SI – ɢɧɞɟɤɫ ɫɟɥɟɤɬɢɜɧɨɫɬɢ, CC50/ EC50; 
4 T1/2 – ɜɪɟɦɹ ɝɢɞɪɨɥɢɡɚ ɩɨɥɨɜɢɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ. 

 
ȼɫɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢɡ ɤɥɚɫɫɚ II ɢ III ɨɤɚɡɚɥɢɫɶ ɯɢɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵ ɛɨɥɟɟ 

ɱɟɦ 24 ɱ. ɜ ɢɧɬɟɪɜɚɥɚɯ pH 4,5-7. Ƚɢɞɪɨɥɢɡ ɛɢɫ-AZT ɮɨɫɮɨɧɚɬɨɜ II ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɩɪɢɜɨɞɢɥ ɤ 
ɫɦɟɫɢ AZT ɢ ɦɨɧɨ-AZT ɮɨɫɮɨɧɚɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɚ ɞɥɹ 
ɫɦɟɲɚɧɧɨɝɨ ɮɨɫɮɨɧɚɬɚ III ɧɚɛɥɸɞɚɥɚɫɶ ɫɦɟɫɶ ɱɟɬɵɪёɯ ɚɤɬɢɜɧɵɯ ɩɪɨɞɭɤɬɨɜ: AZT ɢ ɦɨɧɨ-3TC 
ɮɨɫɮɨɧɚɬɚ, 3TC ɢ ɦɨɧɨ-AZT ɮɨɫɮɨɧɚɬɚ.  

Ʉɚɪɛɚɦɚɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ AZT ɩɨɤɚɡɚɥɢ ɧɢɡɤɭɸ ɬɨɤɫɢɱɧɨɫɬɶ ɫɪɟɞɢ ɩɪɨɥɟɤɚɪɫɬɜ (ɬɚɛɥɢɰɚ 2), 
ɢ ɤɪɨɦɟ ɬɨɝɨ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜ ɭɫɥɨɜɢɹɯ ɯɢɦɢɱɟɫɤɨɝɨ ɝɢɞɪɨɥɢɡɚ ɢ ɝɢɞɪɨɥɢɡɚ ɜ 
ɩɥɚɡɦɟ ɤɪɨɜɢ (T1/2>>24ɱ). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢ ɩɟɪɨɪɚɥɶɧɨɦ 
ɜɜɟɞɟɧɢɢ ɫɨɛɚɤɟ, ɤɚɪɛɚɦɚɬ IVc ɭɫɩɟɲɧɨ ɜɵɫɜɨɛɨɠɞɚɥ AZT ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɞɜɨɟ ɦɟɧɶɲɟɣ, ɱɟɦ 
ɇɢɤɚɜɢɪ®, ɚ ɬɚɤɠɟ ɩɨɤɚɡɚɥ ɛɨɥɟɟ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɧɭɤɥɟɨɡɢɞɚ. ɉɨɥɭɱɟɧ ɩɚɬɟɧɬ 
ɊɎ 2009149067/04 (072557). 

 
Ɍɚɛɥɢɰɚ 2. Ⱥɧɬɢ-ȼɂɑ ɫɜɨɣɫɬɜɚ ɤɚɪɛɚɦɚɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɜ ɤɥɟɬɤɚɯ ɆɌ-4 

  ɋɨɟɞɢɧɟɧɢɟ EC50, μM CC50, μM SI 

IVa CH3-NHC(O)(AZT) 50 >6000 >120 

IVb C2H5-NHC(O)(AZT) 45 >6000 >133 

IVc OC4H8N-C(O)(AZT) 35 >6000 >171 

IVd HNC4H8N-C(O)(AZT) 20 >6000 >300 

IVe NH2C(O)(AZT) 3,2 >6000 >1875 

 AZT 0,037 80 2300 

 ɇɢɤɚɜɢɪ® 0,29 648 2240 

 
Ⱥɰɢɤɥɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɧɭɤɥɟɨɡɢɞɨɜ ɢ ɧɭɤɥɟɨɬɢɞɨɜ ɢɦɟɸɬ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ 

ɦɨɞɢɮɢɤɚɰɢɣ. ɉɨɥɭɱɟɧɢɟ ɤɚɠɞɨɝɨ ɧɨɜɨɝɨ ɬɢɩɚ ɚɰɢɤɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɯɟɦ ɫɢɧɬɟɡɚ ɢ ɩɨɞɛɨɪɚ ɭɫɥɨɜɢɣ ɜɵɞɟɥɟɧɢɹ. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɨɫɭɳɟɫɬɜɥɟɧ 
ɫɢɧɬɟɡ ɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɨɤɫɢɦɧɵɦ ɮɪɚɝɦɟɧɬɨɦ – 9-{2-
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[(ɮɨɫɮɨɧɨɦɟɬɢɥ)ɨɤɫɢɦɢɧɨ]ɷɬɢɥ}ɚɞɟɧɢɧɚ (Va), 9-{2-[(ɮɨɫɮɨɧɨɦɟɬɢɥ)ɨɤɫɢɦɢɧɨ]ɩɪɨɩɢɥ}ɚɞɟɧɢɧɚ 
(Vb) ɢ 9-{2-[(ɮɨɫɮɨɧɨɦɟɬɢɥ)ɨɤɫɢɦɢɧɨ]ɷɬɢɥ}ɝɭɚɧɢɧɚ (Vc) (ɫɯɟɦɚ 2). 

ȼ ɨɫɧɨɜɟ ɫɢɧɬɟɡɚ ɤɚɠɞɨɝɨ ɢɡ ɬɪɟɯ ɚɧɚɥɨɝɨɜ ɥɟɠɢɬ ɤɥɸɱɟɜɚɹ ɫɬɚɞɢɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɞɢɷɬɢɥ 
ɚɦɢɧɨɨɤɫɢɦɟɬɢɥɮɨɫɮɨɧɚɬɚ, ɨɛɪɚɡɭɸɳɟɝɨ ɨɤɫɢɦɧɵɣ ɮɪɚɝɦɟɧɬ ɜ ɪɟɡɭɥɶɬɚɬɟ “click”-ɪɟɚɤɰɢɢ ɫ 
ɤɚɪɛɨɧɢɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɨɣ. ɋɢɧɬɟɡ ɞɚɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɛɵɥ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧ ɢ ɩɨɡɜɨɥɢɥ 
ɩɨɥɭɱɢɬɶ ɜɵɯɨɞɵ, ɩɪɟɜɵɲɚɸɳɢɟ ɨɩɢɫɚɧɧɵɟ ɪɚɧɟɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɜ 2 ɪɚɡɚ; ɤɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ 
ɮɪɚɝɦɟɧɬ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɫɨɱɟɬɚɧɢɹ ɫ ɞɪɭɝɢɦɢ ɮɚɪɦɚɤɨɮɨɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ ɩɪɟɩɚɪɚɬɨɜ ɜ ɨɪɝɚɧɢɡɦɟ. 

 
ɋɯɟɦɚ 2. Cɢɧɬɟɡ ɚɰɢɤɥɢɱɟɫɤɢɯ ɚɧɚɥɨɝɨɜ. I – DBU, DMF, ɢɥɢ Cs2CO3, DMF, 60°C, ɞɢɷɬɢɥɚɰɟɬɚɥɶ 

ɛɪɨɦɚɰɟɬɚɥɶɞɟɝɢɞɚ; II – 0.3M HCl, 37°C; III – ɞɢɷɬɢɥ ɚɦɢɧɨɨɤɫɢɦɟɬɢɥɮɨɫɮɨɧɚɬ, CH3CN;  
IV – Me3SiBr, DMF, ɡɚɬɟɦ NaHCO3, H2O; V – CH3ONa, CH3OH; VI – DBU, DMF , 3-ɛɪɨɦ-2-ɦɟɬɢɥɩɪɨɩɟɧ; 

VII – OsO4 (2% ɦɨɥ.), ɞɢɨɤɫɚɧ, KIO4, H2O. 
 

ɉɪɨɜɟɞɟɧɨ ɢɡɭɱɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɨɜɵɯ ɚɧɚɥɨɝɨɜ ɧɚ ɤɥɟɬɤɚɯ, ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ 
ȼɂɑ-1, ɜɢɪɭɫɚɦɢ ɫɟɦɟɣɫɬɜɚ ɝɟɪɩɟɫɚ (ȼɉȽ-1), ɪɟɩɥɢɤɨɧɟ ɜɢɪɭɫɚ ɝɟɩɚɬɢɬɚ ɋ (ȼȽɋ), ɚ ɬɚɤɠɟ 
ɰɢɬɨɦɟɝɚɥɨɜɢɪɭɫɟ ɱɟɥɨɜɟɤɚ (ɐɆȼ). ɋɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ ɜ ɤɭɥɶɬɭɪɚɯ 
ɤɥɟɬɨɤ ɆɌ-4 ɢ Vero E6, ɧɟ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɩɨɪɨɝɨɜɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ 50%-ɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɬ.ɤ. 
ɨɧɚ ɩɪɟɜɵɲɚɟɬ ɨɠɢɞɚɟɦɵɟ 1 mM (ɬɚɛɥɢɰɚ 3). 

 
Ɍɚɛɥɢɰɚ 3. Ⱥɧɬɢɜɢɪɭɫɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɚɰɢɤɥɢɱɟɫɤɢɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɚɧɚɥɨɝɨɜ 

ȼɟɳɟɫɬɜɨ  ȼɂɑ-1  
(ɤɥɟɬɤɢ MT-4) 

ȼɉȽ-1 (ɲɬɚɦɦɵ L2* ɢ L2/R#)  
(ɤɥɟɬɤɢ Vero E6) 

ȼȽɋ (ɪɟɩɥɢɤɨɧ ɜ 
ɤɥɟɬɤɚɯ Huh-7) 

EC50, µM CC50, µM *EC50, µM #EC50, µM CC50, µM EC50, µM CC50, µM 

Va 57 >1000 354 354 >708 52 173 

Vb 85 >1000 >300 n/a >800 >300 480 

Vc 100 >1000 >300 n/a >800 >300 973 

PMEA  2 >227 35 35 >1133 52 n/a 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ ɢ ɩɨɥɭɱɟɧɵ ɮɨɫɮɨɧɚɬɧɵɟ ɢ 

ɤɚɪɛɚɦɚɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɧɭɤɥɟɨɡɢɞɧɵɯ ɚɧɚɥɨɝɨɜ ɫ ɜɵɪɚɠɟɧɧɨɣ ɚɧɬɢ-ȼɂɑ ɚɤɬɢɜɧɨɫɬɶɸ, 
ɩɨɤɚɡɚɜɲɢɟ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɢɫɯɨɞɧɵɯ ɧɭɤɥɟɨɡɢɞɨɜ in vivo ɢ ɧɢɡɤɭɸ 
ɬɨɤɫɢɱɧɨɫɬɶ, ɱɬɨ ɨɬɜɟɱɚɥɨ ɰɟɥɹɦ ɩɨ ɫɢɧɬɟɡɭ ɧɢɡɤɨɬɨɤɫɢɱɧɵɯ ɮɨɪɦ ɥɟɤɚɪɫɬɜ. Ɋɟɚɥɢɡɨɜɚɧɚ 
ɤɨɧɰɟɩɰɢɹ ɫɨɡɞɚɧɢɹ ɚɰɢɤɥɢɱɟɫɤɢɯ ɮɨɫɮɨɧɚɬɨɜ ɧɭɤɥɟɨɡɢɞɨɜ ɫ ɨɤɫɢɦɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɰɟɩɢ, 
ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ ɞɥɹ ɤɥɟɬɨɤ. ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɚ 
ɢɯ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ ɜɢɪɭɫɨɜ. 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. ɋɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɜɵɩɨɥɧɟɧɵ 

ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɇɎ №13-04-00742, ɨɩɪɟɞɟɥɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɟɞɢɧɟɧɢɣ – ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ №17-04-00536. 
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ȺȾȾɂɌɂȼɇɈȿ ȼɅɂəɇɂȿ ɗɄɈɅȺɊɂɄɋȺ ɂ ɌəɀȿɅɕɏ ɆȿɌȺɅɅɈȼ ɇȺ ɍȾȿɅɖɇɍɘ 

ȺɄɌɂȼɇɈɋɌɖ ɊɂȻɈɇɍɄɅȿȺɁ ɄɍɅɖɌɍɊɇɈɃ ɋɈɂ 

 
Ɉ.Ⱥ. Ɍɟɪɟɯɨɜɚ, Ʌ.ȿ. ɂɜɚɱɟɧɤɨ, ɋ.ɂ. Ʌɚɜɪɟɧɬɶɟɜɚ 

Ȼɥɚɝɨɜɟɳɟɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɉɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 675000, Ȼɥɚɝɨɜɟɳɟɧɫɤ ɭɥ. Ʌɟɧɢɧɚ, ɞ. 104. 
e-mail: batanik304@mail.ru  

 
Ɉɛɪɚɛɨɬɤɚ ɫɟɦɹɧ ɤɭɥɶɬɭɪɧɨɣ ɫɨɢ ɩɪɟɩɚɪɚɬɨɦ ɗɤɨɥɚɪɢɤɫ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɭɞɟɥɶɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɊɇɄɚɡ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɜɵɲɟɧɢɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɣ. 
Processing of seeds of cultured soya with the preparation of Ekolariks leads to an increase in the specific 

activity of RNase, which indicates an increase in metabolic processes in it. 

 
ɋɪɟɞɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɬɹɠɟɥɵɟ 

ɦɟɬɚɥɥɵ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɢɦɟɧɧɨ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɬɨɤɫɢɱɧɵɦɢ ɞɥɹ ɠɢɜɵɯ 
ɨɪɝɚɧɢɡɦɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɪɚɫɬɟɧɢɣ. ɉɪɢɱɟɦ ɧɟɪɟɞɤɨ ɩɨɫɬɭɩɥɟɧɢɟ ɬɚɤɢɯ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, 
ɤɚɤ Zn, Cd, Pb, ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɫɜɹɡɚɧɧɨɟ ɫ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɱɟɥɨɜɟɤɚ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɩɪɢɪɨɞɧɨɟ [1].  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɗɤɨɥɚɪɢɤɫ ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɪɨɫɬɚ ɫ ɮɭɧɝɢɰɢɞɧɵɦ ɞɟɣɫɬɜɢɟɦ. 
ȼ ɟɝɨ ɫɨɫɬɚɜ ɜɯɨɞɢɬ ɞɟɣɫɬɜɭɸɳɟɟ ɜɟɳɟɫɬɜɨ – ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ (ɷɤɫɬɪɚɤɬ ɢɡ ɥɢɫɬɜɟɧɧɢɰɵ 
Ⱦɚɭɪɫɤɨɣ). Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɗɤɨɥɚɪɢɤɫ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɭɪɨɠɚɣɧɨɫɬɢ; ɡɚɳɢɳɚɟɬ ɨɬ 
ɤɨɦɩɥɟɤɫɚ ɛɨɥɟɡɧɟɣ; ɭɥɭɱɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɢɛɨɧɭɤɥɟɚɡɚ (ɊɇɄɚɡɚ) (ɄɎ 
3.1.27.5) ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɢɡɦɟɧɟɧɢɹɦ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ [2]. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɢɡɭɱɢɬɶ ɭɞɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɢɛɨɧɭɤɥɟɚɡ ɩɪɨɪɨɫɬɤɨɜ ɫɨɢ, 
ɜɵɪɚɳɟɧɧɵɯ ɧɚ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ ɫɭɥɶɮɚɬ ɦɟɞɢ, ɫɭɥɶɮɚɬ ɤɚɞɦɢɹ ɢ ɷɤɨɥɚɪɢɤɫ. 

Ɇɚɬɟɪɢɚɥɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥ ɫɨɪɬ ɫɨɢ Ʌɢɞɢɹ, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɎȽȻɇɍ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ 
ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɫɨɢ» (Ⱥɦɭɪɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. Ȼɥɚɝɨɜɟɳɟɧɫɤ). 

Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɞɜɭɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢ ɬɪɟɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 
ɩɨɜɬɨɪɧɨɫɬɹɯ. ɂɡ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (500 ɦɝ) ɝɨɬɨɜɢɥɢ ɷɤɫɬɪɚɤɬɵ ɛɟɥɤɨɜ, ɜ ɤɨɬɨɪɵɯ 
ɨɩɪɟɞɟɥɹɥɢ ɛɟɥɨɤ ɛɢɭɪɟɬɨɜɵɦ ɦɟɬɨɞɨɦ. Ɋɢɛɨɧɭɤɥɟɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ 
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɩɨ Ɋɚɫɫɟɥɭ. ɍɞɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɢɛɨɧɭɤɥɟɚɡ ɤɭɥɶɬɭɪɧɨɣ ɫɨɢ 
ɜɵɪɚɠɚɥɢ ɜ ɟɞɢɧɢɰɚɯ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɦɝ ɛɟɥɤɚ. ɋɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɦɚɬɟɪɢɚɥɚ ɢ ɪɚɫɱɟɬ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɣ ɩɪɨɜɨɞɢɥɢ ɜ ɢɡɥɨɠɟɧɢɢ ɉɥɨɯɢɧɫɤɨɝɨ [3]. 

 

 
Ɋɢɫ. 1. ɍɞɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɢɛɨɧɭɤɥɟɚɡ ɩɪɨɪɨɫɬɤɨɜ ɫɨɢ, ɜɵɪɚɳɟɧɧɵɯ ɧɚ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ:  
1 – ɤɨɧɬɪɨɥɶ; 2 – ɷɤɨɥɚɪɢɤɫ; 3 – 2ɈȾɄ CuSO4 ; 4 – 2ɈȾɄ CuSO4  + ɗɤɨɥɚɪɢɤɫ; 5-2ɈȾɄ CdSO4  ;  

6 - 2ɈȾɄ CdSO4   + ɗɤɨɥɚɪɢɫɤ 

 
Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɭɥɶɮɚɬ ɦɟɞɢ ɜɵɡɜɚɥ 

ɦɧɨɝɨɤɪɚɬɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɊɇɄɚɡ ɩɪɨɪɨɫɬɤɨɜ ɫɨɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ 
(ɪɢɫ. 1). ȼɧɟɫɟɧɢɟ ɜ ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɭ ɩɪɟɩɚɪɚɬɚ ɗɤɨɥɚɪɢɤɫɚ ɩɪɢɜɟɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɭɞɟɥɶɧɨɣ 
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ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɜ ɞɜɚ ɪɚɡɚ, ɱɬɨ, ɜɨɡɦɨɠɧɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɫɢɥɟɧɢɢ 
ɜɢɪɭɫɨɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɢ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. Ɉɞɧɚɤɨ, ɚɞɞɢɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɦɟɞɢ ɢ ɤɚɞɦɢɹ 
ɩɪɢɜɟɥɨ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɭɞɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɊɇɄɚɡ ɩɪɨɪɨɫɬɤɨɜ ɫɨɢ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɚɤɬɢɜɧɨɫɬɶɸ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɩɨɞ 
ɨɛɪɚɡɰɚɦɢ 4 ɢ 6 (ɪɢɫ.1). ɗɬɨ ɜɟɪɨɹɬɧɨ, ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɢɫɭɬɫɬɜɢɟɦ ɗɤɨɥɚɪɢɤɫɚ ɜ ɪɚɫɬɜɨɪɚɯ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɞɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɢɛɨɧɭɤɥɟɚɡ ɩɪɨɪɨɫɬɤɨɜ 
ɫɨɢ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɚɞɚɩɬɢɜɧɵɣ ɩɨɬɟɧɰɢɚɥ ɫɨɢ ɤ ɞɟɣɫɬɜɢɸ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɩɪɢ 
ɞɨɛɚɜɥɟɧɢɢ ɩɪɟɩɚɪɚɬɚ ɗɤɨɥɚɪɢɤɫɚ ɜ ɩɨɱɜɭ ɧɚ ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ. 
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ɇɈȼɕȿ ɉɊɈɂɁȼɈȾɇɕȿ α-ɌɈɄɈɎȿɊɂɅ ɋɍɄɐɂɇȺɌȺ ɄȺɄ ɉɈɌȿɇɐɂȺɅɖɇɕȿ 

ȺɇɌɂɈɄɂɋɅɂɌȿɅɖɇɕȿ ȺȽȿɇɌɕ 
 

Ɍ.ɋ. Ɏɪɨɥɨɜɚ1,2,3, Ɉ.ɂ. ɋɢɧɢɰɢɧɚ2,3, Ɍ.Ƚ. Ɍɨɥɫɬɢɤɨɜɚ1,3, ɘ.ȼ. ɘɲɤɨɜɚ1 

1ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ ɇ. ɇ. ȼɨɪɨɠɰɨɜɚ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. Ʌɚɜɪɟɧɬɶɟɜɚ, 9.  
2ɂɧɫɬɢɬɭɬ ɰɢɬɨɥɨɝɢɢ ɢ ɝɟɧɟɬɢɤɢ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. Ʌɚɜɪɟɧɬɶɟɜɚ, 10. 
3ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. ɉɢɪɨɝɨɜɚ, 2. 
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ɏɪɨɦɚɧɨɜɵɣ ɨɫɬɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɩɥɚɬɮɨɪɦ ɞɥɹ ɯɢɦɢɱɟɫɤɢɯ 

ɦɨɞɢɮɢɤɚɰɢɣ. ɇɚ ɨɫɧɨɜɟ α-ɬɨɤɨɮɟɪɢɥ ɫɭɤɰɢɧɚɬɚ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɪɹɞ ɢɨɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ 
ɤɚɱɟɫɬɜɟ ɮɚɪɦɚɤɨɮɨɪɧɵɯ ɝɪɭɩɩ ɪɚɞɢɤɚɥɚ ɚɦɢɧɨ-Ɍɟɦɩɨ, ɰɢɬɢɡɢɧɚ ɢ ɤɨɧɜɨɥɶɜɢɧɚ, ɚ ɬɚɤɠɟ ɚɦɚɧɬɚɞɢɧɚ ɢ 
ɪɢɦɚɧɬɚɞɢɧɚ. ȼ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɫɬ-ɫɢɫɬɟɦɚɯ ɢɫɫɥɟɞɨɜɚɧɵ ɦɭɬɚɝɟɧɧɵɟ, ɝɟɧɨɬɨɤɫɢɱɟɫɤɢɟ ɢ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɟ 
ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. 

Chromane frame is one of the most promising antioxidant platforms for chemical modifications. We synthesized a 

number of ionic conjugates on the basis of α-tocopheryl succinate. Amino-Tempo radical, cytisine and convolvin, amantadine 

and rimantadine were used as pharmacophore groups. Genotoxic, mutagenic and antioxidant properties derivatives have 

been studied. 

 
Ⱥɧɚɥɨɝɢ ɜɢɬɚɦɢɧɚ ȿ ɹɜɥɹɸɬɫɹ ɩɨɩɭɥɹɪɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɯɢɦɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɨɢɡɜɨɞɧɵɟ α-ɬɨɤɨɮɟɪɨɥɚ ɯɨɪɨɲɨ 
ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɢɟ ɚɝɟɧɬɵ, ɨɞɧɚɤɨ 
ɧɢɡɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɢɯ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ. Ɇɵ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɧɨɜɵɟ 
ɢɨɧɧɵɟ ɤɨɧɴɸɝɚɬɵ ɧɚ ɨɫɧɨɜɟ α-ɬɨɤɨɮɟɪɢɥ ɫɭɤɰɢɧɚɬɚ ɢ ɪɚɞɢɤɚɥɚ ɚɦɢɧɨ-Ɍɟɦɩɨ, ɰɢɬɢɡɢɧɚ ɢ 
ɤɨɧɜɨɥɶɜɢɧɚ, ɚ ɬɚɤɠɟ ɚɦɚɧɬɚɞɢɧɚ ɢ ɪɢɦɚɧɬɚɞɢɧɚ ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ 
ɛɢɨɞɨɫɬɭɩɧɨɫɬɢ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɧɬɟɡɚ ɢɨɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɧɚ ɨɫɧɨɜɟ α-ɬɨɤɨɮɟɪɢɥ ɫɭɤɰɢɧɚɬɚ. 

 
ɉɨɥɭɱɟɧɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɧɚ ɧɚɥɢɱɢɟ ɝɟɧɨɬɨɤɫɢɱɟɫɤɢɯ ɢ ɦɭɬɚɝɟɧɧɵɯ 

ɫɜɨɣɫɬɜ ɫ ɩɨɦɨɳɶɸ ɬɟɫɬɚ ɗɣɦɫɚ ɢ SOS-ɯɪɨɦɨɬɟɫɬɚ. ɉɨɤɚɡɚɧɚ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜ ɫɬɚɧɞɚɪɬɧɵɯ 
ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɫɬ-ɫɢɫɬɟɦɚɯ. Ɍɚɤɠɟ ɜ ɬɟɫɬɟ ɗɣɦɫɚ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ 
ɢɨɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɩɪɨɬɢɜ ɬɪɟɬ-ɛɭɬɢɥ-ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ, ɜɵɡɵɜɚɸɳɟɝɨ ɨɤɢɫɥɢɬɟɥɶɧɵɟ 
ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ №16-34-00465 ɢ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɩɪɨɟɤɬɚ № 0324-2016-0003. 
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ɁȺȼɂɋɂɆɈɋɌɖ ȺɇɌɂɈɄɋɂȾȺɇɌɇɈɃ ȺɄɌɂȼɇɈɋɌɂ ȾɂȽɂȾɊɈɄȼȿɊɐȿɌɂɇȺ ɂ 
ȺɋɄɈɊȻɂɇɈȼɈɃ ɄɂɋɅɈɌɕ ɈɌ ɌȿɆɉȿɊȺɌɍɊɕ 

 
Ɉ.ȼ. ɒɚɛɚɥɢɧɚ, Ⱥ.ɋ. Ɉɛɥɢɡɚɧɨɜɚ, Ȼ.ɇ. Ȼɚɠɟɧɨɜ  

ɂɪɤɭɬɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɂɪɤɭɬɫɤ, Ʉɚɪɥɚ Ɇɚɪɤɫɚ, 1. 
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ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 30 ɞɨ 50 0ɋ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɜ 2 ɪɚɡɚ, ɬɨɝɞɚ ɤɚɤ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

When increasing temperature from 30 to 50 0ɋ the antioxidant activity of dihydroquercetin increases twice, while for 

ascorbic acid it does not change. 

 

Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɜ ɠɢɜɨɦ ɨɪɝɚɧɢɡɦɟ ɨɛɭɫɥɨɜɥɟɧɚ ɢɯ ɡɚɳɢɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ, 
ɜɵɪɚɠɟɧɧɵɦɢ ɜ ɫɩɨɫɨɛɧɨɫɬɢ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɧɟɝɚɬɢɜɧɨɟ ɞɟɣɫɬɜɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. ȿɫɥɢ 
ɟɫɬɟɫɬɜɟɧɧɵɣ ɩɪɢɪɨɞɧɵɣ ɦɟɯɚɧɢɡɦ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɫɩɨɫɨɛɧɵɦ ɫɩɪɚɜɢɬɶɫɹ ɫ ɷɬɨɣ ɡɚɞɚɱɟɣ, 
ɜɨɡɧɢɤɚɸɬ ɪɚɡɥɢɱɧɵɟ ɧɚɪɭɲɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɩɨɜɪɟɠɞɟɧɢɟɦ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ, 
ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɭɫɤɨɪɟɧɢɢ ɫɬɚɪɟɧɢɹ ɨɪɝɚɧɢɡɦɚ, ɩɪɨɜɨɰɢɪɨɜɚɧɢɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɦɵɲɟɱɧɵɯ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɢ ɞɪɭɝɢɯ ɬɤɚɧɹɯ, ɧɟɩɪɚɜɢɥɶɧɨɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ 
ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɦɚ: ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ, ɧɟɪɜɧɨɣ (ɜɤɥɸɱɚɹ ɤɥɟɬɤɢ ɦɨɡɝɚ) ɢ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦ. 
Ʌɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɞɨɛɚɜɤɢ, ɨɛɥɚɞɚɸɳɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 
ɚɤɬɢɜɧɨɫɬɶɸ (ȺɈȺ), ɫɥɭɠɚɬ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɪɟɲɟɧɢɹ ɷɬɢɯ ɩɪɨɛɥɟɦ.  

Ɉɞɧɢɦ ɢɡ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɷɤɫɩɪɟɫɫɧɵɯ ɢ ɧɟɞɨɪɨɝɢɯ ɦɟɬɨɞɨɜ in vitro ɨɩɪɟɞɟɥɟɧɢɹ ȺɈȺ 
ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ ɫɤɪɢɧɢɧɝɚ ɪɚɡɥɢɱɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ TEAC (Trolox equivalent 
antioxidant capacity), ɜ ɤɨɬɨɪɨɦ ɫɪɚɜɧɢɜɚɟɬɫɹ ɝɚɲɟɧɢɟ ɦɨɞɟɥɶɧɨɝɨ ɤɚɬɢɨɧ-ɪɚɞɢɤɚɥɚ ABTS.+ 
ɢɫɫɥɟɞɭɟɦɵɦ ɢ ɫɬɚɧɞɚɪɬɧɵɦ (ɬɪɨɥɨɤɫ) ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 30 0ɋ.  

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɛɪɚɧɵ «ɤɥɚɫɫɢɱɟɫɤɢɟ» ɚɧɬɢɨɤɫɢɞɚɧɬɵ: 
ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɢ ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ (ȾɄȼ). ɂɡɭɱɟɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɯ ȺɈȺ. 
ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪ ɋɎ-2000, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ 
ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ABTS.+ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 730 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɤɫɢɦɭɦɭ ɟɝɨ 
ɩɨɝɥɨɳɟɧɢɹ, ɞɨ ɢ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɫ ɢɧɬɟɪɜɚɥɨɦ ɜ 4 ɦɢɧɭɬɵ ɧɟɫɤɨɥɶɤɢɯ ɚɥɢɤɜɨɬ ɪɚɫɬɜɨɪɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɧɬɢɨɤɫɢɞɚɧɬɚ.  

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 30 ɞɨ 50 0ɋ ȺɈȺ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɫɬɚɜɚɥɚɫɶ 
ɩɨɫɬɨɹɧɧɨɣ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɛɵɫɬɪɨɩɪɨɬɟɤɚɸɳɢɯ ɪɟɚɤɰɢɣ ɫ ɭɱɚɫɬɢɟɦ ɪɚɞɢɤɚɥɨɜ, ɹɜɥɹɸɳɢɯɫɹ 
ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡɚɤɬɢɜɚɰɢɨɧɧɵɦɢ. ȼ ɫɥɭɱɚɟ ȾɄȼ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ 
ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɬɢ ɜ ɞɜɚ ɪɚɡɚ, ɱɬɨ ɞɨɜɨɥɶɧɨ ɧɟɨɠɢɞɚɧɧɨ. 

Ƚɚɲɟɧɢɟ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ ɦɨɞɟɥɶɧɨɝɨ ɤɚɬɢɨɧ-ɪɚɞɢɤɚɥɚ ABTS.+ ɩɪɨɢɫɯɨɞɢɥɨ 
ɦɝɧɨɜɟɧɧɨ, ɱɬɨ ɬɚɤɠɟ ɟɫɬɟɫɬɜɟɧɧɨ ɞɥɹ ɪɚɞɢɤɚɥɶɧɵɯ ɪɟɚɤɰɢɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɷɬɨɝɨ, ɜ ɫɥɭɱɚɟ ȾɄȼ, ɜ 
ɩɟɪɜɵɣ ɦɨɦɟɧɬ ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ABTS.+, ɨɞɧɚɤɨ ɩɪɨɰɟɫɫ ɧɟ 
ɩɪɟɤɪɚɳɚɟɬɫɹ, ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ. ɉɪɢ ɷɬɨɦ ɪɚɫɬɜɨɪ ABTS.+-ɪɚɞɢɤɚɥɚ 
ɛɟɡ ɞɨɛɚɜɤɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚ ɫɬɚɛɢɥɟɧ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɟɫɹɰɟɜ, ɟɝɨ ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɧɟ 
ɦɟɧɹɟɬɫɹ.  

ɇɚɛɥɸɞɚɟɦɨɟ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɦɟɞɥɟɧɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ ȾɄȼ, ɨɤɢɫɥɟɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ABTS.+-ɪɚɞɢɤɚɥɨɦ, ɜ ɤɚɤɭɸ-ɥɢɛɨ ɮɨɪɦɭ, ɬɚɤɠɟ ɨɛɥɚɞɚɸɳɭɸ ȺɈȺ, ɢ ɟё 
ɭɱɚɫɬɢɟɦ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɰɟɫɫɟ. Ɍɚɤɨɟ ɫɜɨɣɫɬɜɨ ɩɪɟɩɚɪɚɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɵɦ 
ɞɟɣɫɬɜɢɟɦ ɜ ɨɪɝɚɧɢɡɦɟ, ɜɟɫɶɦɚ ɰɟɧɧɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɥɟɤɚɪɫɬɜ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɞɨɛɚɜɨɤ ɧɚ 
ɢɯ ɨɫɧɨɜɟ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɬɨɞɵ ɨɰɟɧɤɢ ȺɈȺ in vitro, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, TEAC, ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɥɢɡɤɢɯ ɩɨ ɫɬɪɭɤɬɭɪɟ ɫɨɟɞɢɧɟɧɢɣ, ɥɢɛɨ 
ɩɨɞɪɨɛɧɨ ɢɫɫɥɟɞɨɜɚɜ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɞɢɧɚɦɢɤɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ 
ɫ ɦɨɞɟɥɶɧɵɦɢ ɪɚɞɢɤɚɥɚɦɢ. 
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 1,2-ɞɢɝɢɞɪɨ-4,6-ɞɢɦɟɬɢɥ-1-(β-ɝɢɞɪɨɤɫɢɷɬɢɥ)-2-ɨɤɫɨɩɢɪɢɦɢɞɢɧɚ (ɞɟɣɫɬɜɭɸɳɟɟ ɧɚɱɚɥɨ 

ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ Ʉɫɢɦɟɞɨɧ) ɫ ɪɚɡɥɢɱɧɵɦɢ ɛɢɨɝɟɧɧɵɦɢ ɤɢɫɥɨɬɚɦɢ ɩɨɥɭɱɟɧɵ ɫɨɥɟɩɨɞɨɛɧɵɟ ɤɨɧɶɸɝɚɬɵ. 
ɉɪɢɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

The salt-like conjugates were synthesized by reactions of 1,2-dihydro-4,6-dimethyl-1-(β-hydroxyethyl)-2-oxopyrimidine 

(drug Xymedone) with various biogenic acids. The evaluation of hepatoprotective properties of the obtained compounds is 

given. 

 
ɉɨ ɞɚɧɧɵɦ ȼɫɟɦɢɪɧɨɣ Ɉɪɝɚɧɢɡɚɰɢɢ Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɜ ɦɢɪɟ ɛɨɥɟɟ 2 ɦɢɥɥɢɚɪɞɨɜ ɱɟɥɨɜɟɤ 

ɫɬɪɚɞɚɸɬ ɪɚɡɥɢɱɧɵɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ ɩɟɱɟɧɢ. ɋɥɨɠɢɜɲɚɹɫɹ ɫɢɬɭɚɰɢɹ ɬɪɟɛɭɟɬ ɜɫɟ ɛɨɥɟɟ ɱɚɫɬɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɨɜ, ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɟɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɪɨɮɢɥɚɤɬɢɤɚ ɢ ɥɟɱɟɧɢɟ 
ɤɥɟɬɨɤ ɩɟɱɟɧɢ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɝɟɩɚɬɨɬɨɤɫɢɧɚɦɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɢɫɤ 
ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɨɜ – ɨɞɧɚ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɡɚɞɚɱ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ. 

Ʉɫɢɦɟɞɨɧ – ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɩɪɟɩɚɪɚɬ, ɢɡɜɟɫɬɟɧ ɤɚɤ ɫɪɟɞɫɬɜɨ ɫ ɜɵɪɚɠɟɧɧɵɦ 
ɪɟɝɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɩɚɪɚɰɢɨɧɧɵɦ ɷɮɮɟɤɬɨɦ, ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɫɤɥɟɪɨɞɟɪɦɢɢ, ɩɫɨɪɢɚɡɟ, 
ɨɛɫɬɪɭɤɬɢɜɧɨɣ ɛɨɥɟɡɧɢ ɥɟɝɤɢɯ, ɹɡɜɟɧɧɨɣ ɛɨɥɟɡɧɢ ɠɟɥɭɞɤɚ ɢ ɞɜɟɧɚɞɰɚɬɢɩɟɪɫɬɧɨɣ ɤɢɲɤɢ, 
ɨɫɬɟɨɦɢɟɥɢɬɟ, ɝɧɨɣɧɨ-ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ [1]. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɚɡɚɧɨ, ɱɬɨ Ʉɫɢɦɟɞɨɧ 
ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɤɥɸɱɟɜɵɟ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɧɚ ɤɥɟɬɨɱɧɨɦ ɢ ɫɭɛɤɥɟɬɨɱɧɨɦ ɭɪɨɜɧɹɯ, 
ɜ ɬɨɦ ɱɢɫɥɟ, ɜ ɤɥɟɬɤɚɯ ɩɟɱɟɧɢ [2]. 

ɇɚɦɢ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɫɨɥɟɩɨɞɨɛɧɵɟ ɤɨɧɶɸɝɚɬɵ 1,2-ɞɢɝɢɞɪɨ-4,6-ɞɢɦɟɬɢɥ-1-(β-
ɝɢɞɪɨɤɫɢɷɬɢɥ)-2-ɨɤɫɨɩɢɪɢɦɢɞɢɧɚ (1, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚɱɚɥɨ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ Ʉɫɢɦɟɞɨɧ) ɫ 
ɹɧɬɚɪɧɨɣ ɤɢɫɥɨɬɨɣ (2) – ɫɨɟɞɢɧɟɧɢɟ 9, ɧɢɤɨɬɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ (3) – ɫɨɟɞɢɧɟɧɢɟ 10, L-
ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ (4) – ɫɨɟɞɢɧɟɧɢɟ 11, ɩɚɪɚ-ɚɦɢɧɨɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɨɣ (5) – ɫɨɟɞɢɧɟɧɢɟ 12, 
ɩɢɪɨɜɢɧɨɝɪɚɞɧɨɣ ɤɢɫɥɨɬɨɣ (6) – ɫɨɟɞɢɧɟɧɢɟ 13, ɭɪɫɨɞɟɡɨɤɫɢɯɨɥɟɜɨɣ ɤɢɫɥɨɬɨɣ (7) - ɫɨɟɞɢɧɟɧɢɟ 
14 ɢ ɫ L-ɦɟɬɢɨɧɢɧɨɦ (8) – ɫɨɟɞɢɧɟɧɢɟ 15, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɩɨɫɬɨɹɧɧɵɦ ɫɨɫɬɚɜɨɦ. Ɋɟɚɤɰɢɢ 
ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɫɪɟɞɟ ɜɨɞɵ ɢɥɢ ɫɩɢɪɬɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20-45 °ɋ ɜ ɬɟɱɟɧɢɟ ɨɬ 4 ɱɚɫɨɜ ɞɨ 7 ɫɭɬɨɤ. 

 
Ɋɢɫ. 1. Ɉɛɴɟɤɬɵ  ɢɫɫɥɟɞɨɜɚɧɢɹ - 1,2-ɞɢɝɢɞɪɨ-4,6-ɞɢɦɟɬɢɥ-1-(β-ɝɢɞɪɨɤɫɢɷɬɢɥ)-2-ɨɤɫɨɩɢɪɢɦɢɞɢɧ (1),  
ɛɢɨɝɟɧɧɵɟ ɤɢɫɥɨɬɵ (2-8), ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ ɩɢɪɢɦɢɞɢɧ (1) ɨɛɪɚɡɭɟɬ ɤɨɧɴɸɝɚɬɵ 9-15. 

 

ɋɬɪɨɟɧɢɟ ɤɨɧɴɸɝɚɬɨɜ ɢɡɭɱɟɧɨ ɫ ɩɨɦɨɳɶɸ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɜ ɪɚɫɬɜɨɪɚɯ ɢ 
ɪɟɧɬɝɟɧɨɞɢɮɪɚɤɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɪɚɫɬɜɨɪɚɯ ɤɨɧɴɸɝɚɬɨɜ 
ɩɢɪɢɦɢɞɢɧɨɜɨɟ ɤɨɥɶɰɨ ɱɚɫɬɢɱɧɨ ɩɪɨɬɨɧɢɪɨɜɚɧɨ ɩɨ ɤɨɥɶɰɟɜɨɦɭ ɚɬɨɦɭ N(3), ɬɨɝɞɚ ɤɚɤ ɜ 
ɤɪɢɫɬɚɥɥɚɯ ɤɨɧɴɸɝɚɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɤɪɢɫɬɚɥɥɵ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɨɟ ɩɢɪɢɦɢɞɢɧɚ 1 
ɫɜɹɡɚɧɨ ɫ ɤɢɫɥɨɬɨɣ ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ, ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.2 ɞɥɹ ɤɨɧɴɸɝɚɬɨɜ ɩɢɪɢɦɢɞɢɧɚ 
1 ɫ ɚɫɤɨɪɛɢɧɨɜɨɣ (4) ɢ ɩɚɪɚ-ɚɦɢɧɨɛɟɧɡɨɣɧɨɣ (5) ɤɢɫɥɨɬɚɦɢ. 
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Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɨɜ ɤɨɧɶɸɝɚɬɨɜ 11 ɢ 12 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɂɫɫɥɟɞɨɜɚɥɚɫɶ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ, ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɢɯ 
ɫɩɨɫɨɛɧɨɫɬɶ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɟɱɟɧɢ ɩɨɫɥɟ ɟɟ ɬɨɤɫɢɱɟɫɤɨɝɨ 
ɩɨɪɚɠɟɧɢɹ ɱɟɬɵɪɟɯɯɥɨɪɢɫɬɵɦ ɭɝɥɟɪɨɞɨɦ. 

ɉɨ ɩɨɤɚɡɚɬɟɥɹɦ ɅȾ50 ɢɫɫɥɟɞɭɟɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɦɚɥɨɬɨɤɫɢɱɧɵɦ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɬɨɤɫɢɱɧɵɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɨɫɬɪɨɣ ɬɨɤɫɢɱɧɨɫɬɢ ɜɫɟ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɧɚ ɝɢɫɬɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɡɚɯ ɩɨɤɚɡɚɥɨ, 
ɱɬɨ ɩɪɨɢɡɜɨɞɧɵɟ ɩɢɪɢɦɢɞɢɧɚ ɞɨɫɬɨɜɟɪɧɨ ɭɦɟɧɶɲɚɸɬ ɪɚɡɜɢɬɢɟ ɩɨɪɚɠɟɧɢɣ ɧɟɤɪɨɡɨɦ ɢ ɫɬɟɚɬɨɡɨɦ 
ɬɤɚɧɢ ɩɟɱɟɧɢ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɜɵɹɜɥɟɧ ɞɥɹ ɤɨɧɴɸɝɚɬɚ 11 (ɭɦɟɧɶɲɟɧɢɟ 
ɩɥɨɳɚɞɢ ɩɨɪɚɠɟɧɢɣ ɧɚ 94%).  

 
Ɋɢɫ. 3. Ʉɥɟɬɤɢ ɩɟɱɟɧɢ ɭ ɤɪɵɫ ɧɚ 3-ɣ ɞɟɧɶ ɥɟɱɟɧɢɹ ɬɨɤɫɢɱɟɫɤɨɝɨ ɝɟɩɚɬɢɬɚ (ɍɜɟɥɢɱɟɧɢɟ 1500ɯ). 1 – ɩɟɱɟɧɶ 

ɢɧɬɚɤɬɧɨɣ ɤɪɵɫɵ; 2 – ɩɟɱɟɧɶ ɩɨɫɥɟ ɡɚɬɪɚɜɤɢ CCl4 (5 ɞɧɟɣ 35% ɦɚɫɥɹɧɵɣ ɪɚɫɬɜɨɪ ɩɟɪɨɪɚɥɶɧɨ ɜ ɞɨɡɟ 1,5 ɦɥ/ɤɝ); 
3 – ɤɨɧɬɪɨɥɶ CCl4; 4 – Ɍɢɨɬɪɢɚɡɨɥɢɧ ɜ ɨɩɬɢɦɚɥɶɧɨɣ ɥɟɱɟɛɧɨɣ ɞɨɡɟ 2,4 ɦɝ/ɤɝ; 5 - 11 0,11 ɦɝ/ɤɝ; 6 – 11 0,22 ɦɝ/ɤɝ.  

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɞɚɥɶɧɟɣɲɟɝɨ 
ɭɝɥɭɛɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɩɪɨɢɡɜɨɞɧɵɯ ɩɢɪɢɦɢɞɢɧɚ ɧɚ ɨɫɧɨɜɟ 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ Ʉɫɢɦɟɞɨɧ ɢ ɛɢɨɝɟɧɧɵɯ ɤɢɫɥɨɬ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɪɨɟɤɬɚ ɊɇɎ № 14-50-00014. 
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Ɉɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ, ɢɫɫɥɟɞɨɜɚɧɚ ɚɧɬɢɦɢɤɪɨɛɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɟɪɢɢ 5-(ɚɪɢɥɦɟɬɢɥɢɞɟɧ)-2,4,6-ɩɢɪɢɦɢɞɢɧ-

2,4,6(1ɇ,3ɇ,5ɇ)-ɬɪɢɨɧɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Staphylococcus aureus 1899 ɢ Streptococcus pyogenes NIIL LSA. 

The synthesis was investigated antimicrobial activity of a series of 5-(arylmethylidene)-2,4,6-pyrimidine-

2,4,6(1H,3H,5H)-trione in relation to Staphylococcus aureus 1899 and Streptococcus pyogenes NIIL LSA. 

Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɚ ɫɢɧɬɟɡɢɪɨɜɚɧɚ ɫɟɪɢɹ 5-(ɚɪɢɥɦɟɬɢɥɢɞɟɧ)-2,4,6-ɩɢɪɢɦɢɞɢɧ-2,4,6-(1ɇ,3ɇ,5ɇ)-
ɬɪɢɨɧɨɜ ɢ ɢɫɫɥɟɞɨɜɚɧɚ ɢɯ ɚɧɬɢɦɢɤɨɛɚɤɬɟɪɢɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ [1]. ɉɪɨɞɨɥɠɚɹ ɢɡɭɱɚɬɶ ɩɪɨɮɢɥɶ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɷɬɨɝɨ ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ, ɦɵ ɩɪɨɜɟɥɢ ɫɬɚɪɬɨɜɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ 
ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. 

5-(Ⱥɪɢɥɦɟɬɢɥɢɞɟɧ)-2,4,6-ɩɢɪɢɦɢɞɢɧ-2,4,6-(1ɇ,3ɇ,5ɇ)-ɬɪɢɨɧɵ (8-13) ɩɨɥɭɱɚɥɢ ɪɟɚɤɰɢɟɣ 
ɤɨɧɞɟɧɫɚɰɢɢ ɪɟɚɝɟɧɬɚ (1) ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɚɥɶɞɟɝɢɞɚɦɢ (2-7) ɜ ɫɪɟɞɟ ɷɬɚɧɨɥɚ (ɤɢɩɹɱɟɧɢɟ 45 
ɦɢɧɭɬ). 
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Ar= C6ɇ5 (2,8), 4-ɋɇ3Ɉɋ6ɇ5 (3,9), 3-NO2C6H4 (4,10), 4-ClC6H4 (5,11), 4-(CH3)2NC6H4 (6,12),  

4-CH3C6H4 (7,13) 

 
Ɇɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɣ ɫɤɪɢɧɢɧɝ ɩɪɨɜɨɞɢɥɢ ɜ ɨɬɧɨɲɟɧɢɢ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɭɫɥɨɜɧɨ-ɩɚɬɨɝɟɧɧɨɣ 

ɮɥɨɪɵ: ɤɨɥɥɟɤɰɢɨɧɧɨɝɨ ɲɬɚɦɦɚ Staphylococcus aureus 1899 (ɎȽɉɍ «ɇɂɂ ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤɰɢɢ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɝ. Ɇɨɫɤɜɚ) ɢ Streptococcus pyogenes NIIL LSA (ɎȽȻɍ «ɇɂɂ ɩɨ 
ɢɡɭɱɟɧɢɸ ɥɟɩɪɵ» Ɇɢɧɡɞɪɚɜɚ Ɋɨɫɫɢɢ ɝ. Ⱥɫɬɪɚɯɚɧɶ). Ⱦɥɹ ɫɤɪɢɧɢɧɝɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɫɟɪɢɣɧɵɯ 
ɪɚɡɜɟɞɟɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɩɪɨɜɨɞɢɥɢ ɩɨɫɟɜ ɲɬɚɦɦɨɜ ɛɟɡ ɢɧɤɭɛɚɰɢɢ ɫ ɜɟɳɟɫɬɜɚɦɢ, ɞɥɹ 
ɫɪɚɜɧɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɧɬɢɛɢɨɬɢɤɢ ɫ ɢɡɜɟɫɬɧɵɦ ɞɟɣɫɬɜɢɟɦ: ɰɟɮɚɡɨɥɢɧ 
ɢ ɰɟɮɬɪɢɚɤɫɨɧ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɵ 
ɫ ɩɪɢɦɟɧɟɧɢɟɦ t-ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ ɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1 ɢ 2. 

 
Ɍɚɛɥɢɰɚ 1 

Ⱥɧɬɢɦɢɤɪɨɛɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 5-(ɚɪɢɥɦɟɬɢɥɢɞɟɧ)-2,4,6-ɩɢɪɢɦɢɞɢɧ-2,4,6-(1ɇ,3ɇ,5ɇ)-ɬɪɢɨɧɨɜ (8-13) 
ɜ ɨɬɧɨɲɟɧɢɢ Staphylococcus aureus 1899 

ɋɨɟɞɢɧɟɧɢɟ ɆɉɄ50, ɦɤɝ/ɦɥ ɆȻɄ, ɦɤɝ/ɦɥ 

8 3,2±1,2 89,3±14,1 

9 523,6±4,1***### - 

10 45,3±3,8***### 998,5±2,6***### 

11 51,2±2,2***### 508,7±3,1***### 

12 51,2±1,1***### 501,6±2,4***### 

13 6,4±1,9*# 200,8 ±8,1***### 

ɐɟɮɚɡɨɥɢɧ 1,2±0,06 89,1±3,2 

ɐɟɮɬɪɢɚɤɫɨɧ 0,7±0,04 80,8±1,4 

ɉɪɢɦɟɱɚɧɢɟ:   * - p≤0,05, *** - p≤0,001 ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɮɚɡɨɥɢɧɚ; 
# - p≤0,05, ### - p≤0,001 ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɮɬɪɢɚɤɫɨɧɚ 
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ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɫɨɟɞɢɧɟɧɢɹ 8 ɢ 13. 

ɆɉɄ50 ɷɬɢɯ ɜɟɳɟɫɬɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɆɉɄ50 ɰɟɮɚɡɨɥɢɧɚ ɢ ɰɟɮɬɪɢɚɤɫɨɧɚ ɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, 
ɱɬɨ ɩɪɟɜɵɲɚɸɬ ɩɨɤɚɡɚɬɟɥɢ ɚɧɬɢɛɢɨɬɢɤɨɜ, ɨɫɬɚɸɬɫɹ ɫɬɚɛɢɥɶɧɨ ɧɢɡɤɢɦɢ; ɦɢɧɢɦɚɥɶɧɚɹ 
ɛɚɤɬɟɪɢɰɢɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɟɞɢɧɟɧɢɹ 8 ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨɜɟɪɧɨ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɆȻɄ 
ɚɧɬɢɛɢɨɬɢɤɨɜ. ɋɨɟɞɢɧɟɧɢɹ 10-12 ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ 45–52 ɦɤɝ/ɦɥ, ɜ ɭɫɥɨɜɢɹɯ in 

vitro ɨɤɚɡɵɜɚɸɬ ɫɬɚɛɢɥɶɧɨɟ ɛɚɤɬɟɪɢɨɫɬɚɬɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ. Staphylococcus aureus ɦɟɧɟɟ 
ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɫɨɟɞɢɧɟɧɢɸ 9. 

 
Ɍɚɛɥɢɰɚ 2 

Ⱥɧɬɢɦɢɤɪɨɛɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 5-(ɚɪɢɥɦɟɬɢɥɢɞɟɧ)-2,4,6-ɩɢɪɢɦɢɞɢɧ-2,4,6-(1ɇ,3ɇ,5ɇ)-ɬɪɢɨɧɨɜ (8-13) 
ɜ ɨɬɧɨɲɟɧɢɢ Streptococcus pyogenes NIIL LSA  

ɋɨɟɞɢɧɟɧɢɟ ɆɉɄ50, ɦɤɝ/ɦɥ ɆȻɄ, ɦɤɝ/ɦɥ 

8 0,54±0,01*** ### 823,4±11,6### 

9 548,6±3,6***### - 

10 28,6±1,4# - 

11 0,15±0,02*** ### 18,3±1,8## 

12 0,27±0,03*** ### 986,7±10,1### 

13 0,49±0,01*** ### 894,3±8,4### 

ɐɟɮɚɡɨɥɢɧ 16,3±1,4 - 

ɐɟɮɬɪɢɚɤɫɨɧ 8,2±1,3 89,3±2,1 

ɉɪɢɦɟɱɚɧɢɟ:   * - p≤0,05, *** - p≤0,001 ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɮɚɡɨɥɢɧɚ; 
# - p≤0,05, ## - p≤0,01, ### - p≤0,001 ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɮɬɪɢɚɤɫɨɧɚ 

 
ȼ ɨɬɧɨɲɟɧɢɢ ɛɚɤɬɟɪɢɣ ɪɨɞɚ Streptococcus pyogenes ɚɤɬɢɜɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɬɚɤɠɟ ɪɚɡɥɢɱɧɚ 

(ɬɚɛɥ. 2). ɋɨɟɞɢɧɟɧɢɹ 8,11,12 ɢ 13 ɨɤɚɡɵɜɚɸɬ ɜɵɪɚɠɟɧɧɨɟ ɛɚɤɬɟɪɢɨɫɬɚɬɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ, 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨɜɟɪɧɨ ɩɪɟɜɨɫɯɨɞɹɳɟɟ ɞɟɣɫɬɜɢɟ ɚɧɬɢɛɢɨɬɢɤɨɜ. ɋɨɟɞɢɧɟɧɢɟ 11 ɞɟɣɫɬɜɭɟɬ 
ɛɚɤɬɟɪɢɰɢɞɧɨ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɥɟɟ ɧɢɡɤɨɣ, ɱɟɦ ɰɟɮɬɪɢɚɤɫɨɧ. Ⱥɤɬɢɜɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ 10 

ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɞɟɣɫɬɜɢɟɦ ɰɟɮɚɡɨɥɢɧɚ, ɧɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɨ ɯɭɠɟ ɞɟɣɫɬɜɢɹ ɰɟɮɬɪɢɚɤɫɨɧɚ. 
Ɇɟɧɟɟ ɚɤɬɢɜɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ, ɤɚɤ ɢ ɜ ɨɬɧɨɲɟɧɢɢ  Staphylococcus aureus, ɨɤɚɡɚɥɨɫɶ ɫɨɟɞɢɧɟɧɢɟ 9, 
ɆɉɄ50 ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɬɚɤɨɜɨɣ ɤɚɤ ɚɧɬɢɛɢɨɬɢɤɨɜ, ɬɚɤ ɢ ɞɪɭɝɢɯ ɢɡɭɱɚɟɦɵɯ 
ɫɨɟɞɢɧɟɧɢɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞёɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 5-(ɚɪɢɥɦɟɬɢɥɢɞɟɧ)-
2,4,6-ɩɢɪɢɦɢɞɢɧ-2,4,6-(1ɇ,3ɇ,5ɇ)-ɬɪɢɨɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Staphylococcus aureus ɢ Streptococcus 

pyogenes ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɨɣ ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɱɬɨ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɵɦ ɢɯ 
ɞɚɥɶɧɟɣɲɟɟ ɢɡɭɱɟɧɢɟ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɪɨɝɪɚɦɦɵ «Ɋɚɡɜɢɬɢɟ ɢɧɧɨɜɚɰɢɨɧɧɨɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɜ Ɋɨɫɫɢɣɫɤɢɯ ɜɭɡɚɯ» (ɝɪɚɧɬ № 13.637.31.0038) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɭɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɇɈɐ «Ɂɟɥɟɧɚɹ ɯɢɦɢɹ» Ⱥɫɬɪɚɯɚɧɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɚ ɬɚɤɠɟ 
ɝɪɚɧɬɚ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ № 115021010181. 
 

Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɯ.ɧ., ɩɪɨɮ. Ɍɵɪɤɨɜɭ Ⱥ.Ƚ. ɢ ɤ.ɛ.ɧ., ɞɨɰ. Ʌɭɠɧɨɜɨɣ ɋ.Ⱥ. ɡɚ 
ɩɨɦɨɳɶ ɜ ɪɚɛɨɬɟ ɢ ɫɞɟɥɚɧɧɵɟ ɩɪɢ ɷɬɨɦ ɰɟɧɧɵɟ ɡɚɦɟɱɚɧɢɹ. 
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(ɚɪɢɥɦɟɬɢɥɟɧ)ɝɟɤɫɚɝɢɞɪɨɩɢɪɢɦɢɞɢɧ-2,4,6-ɬɪɢɨɧɨɜ // ɏɢɦɢɤɨ-ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɣ  ɠɭɪɧɚɥ. – 2015.- Ɍ.49. - № 12. – ɋ. 
12-14.  
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ɍȾɄ 54-383 

 

ɋɂɇɌȿɁ ɂɈɇɇɕɏ ȽɂȻɊɂȾɇɕɏ ȻɂɈɅɈȽɂɑȿɋɄɂ ȺɄɌɂȼɇɕɏ  
ɋɈȿȾɂɇȿɇɂɃ ɇȺ ɈɋɇɈȼȿ ɋɍɄɐɂɇȺɌɈȼ ɌɊɈɅɈɄɋȺ 

 
ɘ.ȼ. ɘɲɤɨɜɚ1, ȿ.ɂ. ɑɟɪɧɹɤ1, ɋ.ȼ. Ɇɨɪɨɡɨɜ1,2, ɂ.Ⱥ. Ƚɪɢɝɨɪɶɟɜ1 

1 ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. ɇ.ɇ. ȼɨɪɨɠɰɨɜɚ ɋɈ ɊȺɇ  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. ɚɤɚɞ. Ʌɚɜɪɟɧɬɶɟɜɚ, 9. 

2ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. ɉɢɪɨɝɨɜɚ, 2. 

e-mail: yushkova@nioch.nsc.ru  

 
ɇɚ ɨɫɧɨɜɟ ɫɭɤɰɢɧɚɬɨɜ ɬɪɨɥɨɤɫɚ ɫɢɧɬɟɡɢɪɨɜɚɧɨ ɞɜɟɧɚɞɰɚɬɶ ɢɨɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 

ɚɦɢɧɨɜ ɧɢɬɪɨɤɫɢɥɶɧɨɝɨ ɪɚɞɢɤɚɥɚ ɚɦɢɧɨ-Ɍɟɦɩɨ, ɩɪɨɢɡɜɞɧɵɯ ɚɞɚɦɚɧɬɚɧɚ – ɚɦɚɧɬɚɞɢɧɚ ɢ ɪɢɦɚɧɬɚɞɢɧɚ, ɰɢɬɢɡɢɧɚ, 
ɤɨɧɜɨɥɶɜɢɧɚ ɢ ɞɢɷɬɚɧɨɥɚɦɢɧɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɢɨɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɨɩɪɟɞɟɥɟɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ ɢ ɩɨɤɚɡɚɧɨ, 
ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɢɨɧɧɨɣ ɫɜɹɡɢ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɜɨɞɟ.   

Twelve ionic conjugates have been synthesized on the basis of trolox succinates, using as the amines the nitroxyl radical 

of amino-Tempo, the adamantane derivatives – amantadine and rimantadine, cytisine, convolvine and diethanolamine. 

Solubility in water has been determined for the ionic conjugates and it has been shown that the formation of an ionic bond 

leads to a substantial increase in their solubility in water. 

 
Ɇɨɞɢɮɢɤɚɰɢɹ ɩɪɢɪɨɞɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ȻȺȼ) ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ 

ɝɢɛɪɢɞɧɵɯ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɹɜɥɹɸɳɢɯ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 
ɚɤɬɢɜɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɪɟɦɟɧɧɨɣ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ 
ɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ. Ɍɪɨɥɨɤɫ ɹɜɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ ɚɧɬɢɨɤɫɢɞɚɧɬɨɦ ɫ ɯɪɨɦɚɧɨɜɵɦ ɨɫɬɨɜɨɦ ɢ 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɚɤ ɫɨɟɞɢɧɟɧɢɟ-ɥɢɞɟɪ ɞɥɹ ɧɚɩɪɚɜɥɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 
ɬɪɚɧɫɮɨɪɦɚɰɢɣ ɫ ɰɟɥɶɸ ɫɢɧɬɟɡɚ ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɜɵɫɨɤɢɦ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɤɨɧɴɸɝɚɬɨɜ ɹɜɥɹɸɬɫɹ ɤɨɜɚɥɟɧɬɧɵɦɢ 
ɫɨɟɞɢɧɟɧɢɹɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɜɨɞɟ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɜɢɞɟ ɱɚɫɬɨ ɧɟɨɛɯɨɞɢɦɨɣ ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɵ 
ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 60% ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ 
ɧɚ ɪɵɧɤɟ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɜɨɞɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 80% ɧɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ ɪɚɡɪɚɛɨɬɤɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɜɨɞɟ. ɗɬɨ ɫɧɢɠɚɟɬ ɢɯ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ ɢ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɨɹɜɥɟɧɢɸ ɧɚ 
ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɦ ɪɵɧɤɟ, ɩɨɷɬɨɦɭ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɦɟɬɨɞɵ ɭɜɟɥɢɱɟɧɢɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɜɨɞɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɞɧɢɦ ɢɡ 
ɷɮɮɟɤɬɢɜɧɵɯ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɹɜɥɹɸɳɢɯ 
ɤɢɫɥɵɟ ɢɥɢ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ, ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɢɯ ɜ ɜɢɞɟ ɫɨɥɟɣ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥ 
ɨɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ ɢɨɧɧɵɯ ɝɢɛɪɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɫɭɤɰɢɧɚɬɨɜ ɬɪɨɥɨɤɫɚ, ɚ ɜ ɤɚɱɟɫɬɜɟ 
ɚɦɢɧɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɢɬɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ ɚɦɢɧɨ-Ɍɟɦɩɨ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɫɩɢɧ-ɦɟɱɟɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɤɨɧɴɸɝɚɬɨɜ, ɩɪɨɢɡɜɨɞɧɵɟ ɚɞɚɦɚɧɬɚɧɚ – 
ɚɦɚɧɬɚɞɢɧ ɢ ɪɢɦɚɧɬɚɞɢɧ, ɨɛɥɚɞɚɸɳɢɟ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɚɦɢɧɵ ɢɡ ɝɪɭɩɩ 
ɪɚɫɬɢɬɟɥɶɧɵɯ ɚɥɤɚɥɨɢɞɨɜ – ɰɢɬɢɡɢɧ ɢ ɤɨɧɜɨɥɶɜɢɧ ɢ ɞɢɷɬɚɧɨɥɚɦɢɧ, ɨɛɥɚɞɚɸɳɢɣ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɜɨɞɟ (ɪɢɫ. 1).  

ɋɨɫɬɚɜ ɢ ɫɬɪɨɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɨɫɧɨɜɧɵɦɢ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ əɆɊ 1ɇ ɢ 13ɋ, ɍɎ-, ɂɄ-, ɗɉɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɷɥɟɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ. ȼ 
ɂɄ-ɫɩɟɤɬɪɚɯ ɢɨɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ 3a-3f, 6a-6f ɫɨɯɪɚɧɹɸɬɫɹ ɩɨɥɨɫɵ ɜɚɥɟɧɬɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɮɪɚɝɦɟɧɬɨɜ ɋ=Ɉ ɫɥɨɠɧɨɷɮɢɪɧɵɯ ɝɪɭɩɩ ɜ ɨɛɥɚɫɬɢ 1738-1757 ɫɦ-1, ɩɪɢ ɷɬɨɦ ɢɫɱɟɡɚɸɬ ɩɨɥɨɫɵ 
ɜɚɥɟɧɬɧɵɯ ɤɨɥɟɛɚɧɢɣ ɮɪɚɝɦɟɧɬɚ ɋ=Ɉ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɢɫɯɨɞɧɵɯ ɫɭɤɰɢɧɚɬɨɜ 2, 5, ɩɪɢ 1717 
ɢ 1713 ɫɦ-1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɦɟɫɬɨ ɤɨɬɨɪɵɯ ɩɨɹɜɥɹɸɬɫɹ ɩɨɥɨɫɵ ɚɫɫɢɦɟɬɪɢɱɧɵɯ ɢ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɜɚɥɟɧɬɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɚɪɛɨɤɫɢɥɚɬ-ɚɧɢɨɧɨɜ ɜ ɨɛɥɚɫɬɹɯ 1601-1655 ɫɦ-1 ɢ 1389-1416 ɫɦ-1, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɩɨɥɨɫɵ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɤɨɥɟɛɚɧɢɣ (δN-H) ɭ ɱɟɬɜɟɪɬɢɱɧɨɝɨ ɚɬɨɦɚ ɚɡɨɬɚ 
ɜ ɨɛɥɚɫɬɢ 1516-1576 ɫɦ-1, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ ɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɨɟɞɢɧɟɧɢɣ 3a-3f ɢ 6a-

6f. ɇɚ ɩɪɢɦɟɪɟ ɫɨɟɞɢɧɟɧɢɣ 3b, 6b ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ əɆɊ 13ɋ ɫɩɟɤɬɪɚɯ ɞɥɹ ɤɚɪɛɨɤɫɢɥɚɬɧɵɯ 
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ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɫɨɥɟɣ ɧɚɛɥɸɞɚɥɢɫɶ ɫɥɚɛɨɩɨɥɶɧɵɟ ɫɞɜɢɝɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɝɧɚɥɨɜ ɤɚɪɛɨɤɫɢɥɶɧɵɯ 
ɚɬɨɦɨɜ ɦɨɧɨ- ɢ ɞɢɫɭɤɰɢɧɚɬɨɜ 2, 5 ɧɚ 1.86-4.34 ɦ.ɞ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ 
ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɫɨɥɟɣ. 

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɧɬɟɡɚ ɢɨɧɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɭɤɰɢɧɚɬɨɜ ɬɪɨɥɨɤɫɚ 
 

Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɣ 1, 3a-3f, 6a-6f ɨɩɪɟɞɟɥɟɧɚ ɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ ɩɨ ɦɟɬɨɞɢɤɟ ɢɡ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɮɚɪɦɚɤɨɩɟɢ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɧɴɸɝɚɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɦɨɧɨɫɭɤɰɢɧɚɬɚ ɬɪɨɥɨɤɫɚ 3a-3f ɜɨɡɪɚɫɬɚɟɬ ɜ 10-260 ɪɚɡ, ɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɧɴɸɝɚɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɞɢɫɭɤɰɢɧɚɬɚ 2-ɝɢɞɪɨɤɫɢɦɟɬɢɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɧɨɝɨ ɬɪɨɥɨɤɫɚ 6a-6f ɜ 8-90 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɬɪɨɥɨɤɫɨɦ. ɇɚɢɛɨɥɶɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɜɨɞɟ ɨɛɥɚɞɚɥɢ ɢɨɧɧɵɟ ɤɨɧɴɸɝɚɬɵ ɫ ɞɢɷɬɚɧɨɥɚɦɢɧɨɦ 

3f, 6f.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɩɨɥɭɱɟɧ ɧɨɜɵɣ ɤɥɚɫɫ ɢɨɧɧɵɯ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɨɧɴɸɝɚɬɨɜ ɧɚ 

ɨɫɧɨɜɟ ɫɭɤɰɢɧɚɬɨɜ ɬɪɨɥɨɤɫɚ, ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. 
ɉɨɥɭɱɟɧɧɵɟ ɤɨɧɴɸɝɚɬɵ ɨɬɤɪɵɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɩɪɚɜɥɟɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ, 
ɥɢɩɨɮɢɥɶɧɨɫɬɶ ɢ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ, ɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɟ ɫɨɥɢ, 
ɜ ɤɨɬɨɪɵɯ ɤɚɬɢɨɧ ɢ ɚɧɢɨɧ ɹɜɥɹɸɬɫɹ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ ɢɧɝɪɟɞɢɟɧɬɚɦɢ ɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɪɨɬɨɬɢɩɨɜ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ №16-34-00465. 
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ɍȾɄ 547.854 

ɋɂɇɌȿɁ ɂ ɋɊȺȼɇɂɌȿɅɖɇȺə ɈɐȿɇɄȺ ȺɇɌɂ-ȼɂɑ-1-ȺɄɌɂȼɇɈɋɌɂ ɇɈȼɕɏ 
ɎɍɇɄɐɂɈɇȺɅɖɇɕɏ ɉɊɈɂɁȼɈȾɇɕɏ ɂɁɈɐɂɌɈɁɂɇȺ ɂ 2-ɌɂɈɌɂɆɂɇȺ 

Ⱥ.ɋ. əɛɥɨɤɨɜ1, Ɇ.Ȼ. ɇɚɜɪɨɰɤɢɣ1, Ⱥ.ɋ. Ȼɚɛɭɲɤɢɧ1, Ⱥ.Ⱥ. ȼɟɪɧɢɝɨɪɚ1, Ⱥ.ɋ. Ɇɤɪɬɱɹɧ1,  
A. Mai2, D. Schols3, J.A. Esté4, ɂ.Ⱥ. ɇɨɜɚɤɨɜ1, D. Rotili2, G. Maga5 

 1 ɎȽȻɈɍ ȼɈ ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ȼɨɥɝɨɝɪɚɞ, 400005, ɩɪ. Ʌɟɧɢɧɚ, 28. 
2 Istituto Pasteur-Fondazione Cenci Bolognetti, Dipartimento di Chimica e Tecnologie del Farmaco,  

Ɋɢɦɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ Ʌɚ ɋɚɩɢɟɧɰɚ, ɂɬɚɥɢɹ, Ɋɢɦ, 00185, ɩɥ. Ⱥɥɶɞɨ Ɇɨɪɨ, 5. 
3 Rega Institute, Ʌёɜɟɧɫɤɢɣ ɤɚɬɨɥɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

Ȼɟɥɶɝɢɹ, Ʌёɜɟɧ, B 3000, ɭɥ. Ɇɢɧɞɟɪɛɪɨɞɟɪɫɬɪɚɬ, 10. 
4 Retrovirology Laboratory IrsiCaixa, Ⱥɜɬɨɧɨɦɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ Ȼɚɪɫɟɥɨɧɵ, ɂɫɩɚɧɢɹ, Ȼɚɞɚɥɨɧɚ, 08916. 

5 Istituto di Genetica Molecolare IGM-CNR, ɂɬɚɥɢɹ, ɉɚɜɢɹ, 27100, ɲ. Ⱥɛɛɶɹɬɟɝɪɚɫɫɨ, 207. 
e-mail: maxim.nawrozkij@vstu.ru  

ɉɨɥɭɱɟɧɵ ɧɨɜɵɟ 6-(α-ɦɟɬɨɤɫɢɛɟɧɡɢɥ)-ɩɪɨɢɡɜɨɞɧɵɟ ɪɹɞɚ ɞɢɝɢɞɪɨɚɥɤɨɤɫɢɛɟɧɡɢɥɨɤɫɨɩɢɪɢɦɢɞɢɧɨɜ (ȾȺȻɈ) – 

ɷɮɮɟɤɬɢɜɧɵɯ ɧɟɧɭɤɥɟɨɡɢɞɧɵɯ ɢɧɝɢɛɢɬɨɪɨɜ ɪɟɩɥɢɤɚɰɢɢ ȼɂɑ-1, ɢɡɭɱɟɧɵ ɢɯ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɟ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɟ 
ɫɜɨɣɫɬɜɚ ɜ ɨɫɬɪɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ.  

Novel 6-(α-methoxybenzyl)- derivatives of dihydroalkyloxy-benzyl-oxopyrimidines (DABOs) – effective non-nucleoside 

inhibitors of the replication of HIV-1 have been synthesized and tested for anti-HIV-activity and cytotoxicity in acute 

experiment. 

ȼ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɫɬɪɭɤɬɭɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɚɧɬɢ-ȼɂɑ-1 
ɚɝɟɧɬɚ Ɇɋ-1501, ɩɨɥɭɱɟɧɧɨɝɨ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɨɝɨ ɧɚɦɢ ɪɚɧɟɟ [1,2], ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɤ 
ɫɢɧɬɟɡɭ, ɩɨɥɭɱɟɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɟɝɨ ɚɧɚɥɨɝɢ – ɩɪɨɢɡɜɨɞɧɵɟ 2-ɬɢɨɬɢɦɢɧɚ (1) ɢ ɢɡɨɰɢɬɨɡɢɧɚ (2): 

 
ɪɚɰ-Ɇɋ-1501      1         2 

ɝɞɟ: Hal = Hal’ = F, Cl; 
R = i-C3H7, s-C4H9, c-C5H9;  
R’ = i-C3H7, n-C3H7, c-C5H9, s-C4H9; 
R’’= H, CH3. 

ɉɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɬɥɢɱɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɜɟɳɟɫɬɜ ɨɬ ɩɪɨɬɨɬɢɩɚ ɹɜɢɥɨɫɶ ɧɚɥɢɱɢɟ ɦɟɬɨɤɫɢ-
ɝɪɭɩɩɵ, ɜɡɚɦɟɧ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ α-ɩɨɥɨɠɟɧɢɢ 2,6-ɞɢɝɚɥɨɝɟɧɛɟɧɡɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ. 
ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɬɚɤɚɹ ɡɚɦɟɧɚ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɢɡɦɟɧɟɧɢɸ ɝɢɞɪɨɮɢɥɶɧɨ-ɥɢɩɨɮɢɥɶɧɨɝɨ 
ɛɚɥɚɧɫɚ ɦɨɥɟɤɭɥɵ, ɚ ɬɚɤɠɟ – ɩɨɹɜɥɟɧɢɸ ɞɟɫɤɪɢɩɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɚɥɥɨɫɬɟɪɢɱɟɫɤɢɦ ɭɱɚɫɬɤɨɦ ɪɟɜɟɪɬɚɡɵ ȼɂɑ-1. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɜɟɳɟɫɬɜ in vitro ɩɨɤɚɡɚɥɢ ɢɯ ɜɵɫɨɤɭɸ ɩɪɨɬɢɜɨɜɢɪɭɫɧɭɸ 
ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɞɢɤɨɝɨ ɲɬɚɦɦɚ ȼɂɑ-1. ɇɟɤɨɬɨɪɵɟ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜɟɳɟɫɬɜ ɩɪɨɹɜɢɥɢ 
ɬɚɤɠɟ ɜɵɪɚɠɟɧɧɵɟ ɢɧɝɢɛɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɢɧɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɦɭɬɚɧɬɧɵɯ 
ɲɬɚɦɦɨɜ ȼɂɑ-1. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ (ɝɪɚɧɬ N16-33-6003 ɦɨɥ_ɚ_ɞɤ) 
ɢ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ (ɋɉ-496.2016.4). 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɥɭɱɲɟɧɢɸ ɩɢɬɚɧɢɹ ɪɵɛ, ɜɵɪɚɳɢɜɚɟɦɵɯ ɧɚ ɪɵɛɨɜɨɞɧɵɯ 

ɡɚɜɨɞɚɯ, ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɜ ɪɵɛɧɵɣ ɤɨɪɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɩɪɢɦɟɧɹɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɩɪɢɪɨɞɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ. ɉɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɮɟɧɨɥɶɧɨɝɨ ɬɢɩɚ ɞɥɹ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɪɵɛɧɵɯ ɤɨɪɦɨɜ. Ⱦɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɢɫɤɭ ɧɨɜɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɩɨɜɵɲɚɬɶ 
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ ɦɨɥɨɞɢ ɰɟɧɧɵɯ ɩɨɪɨɞ ɪɵɛ ɩɪɢ ɢɯ ɢɫɤɭɫɫɬɜɟɧɧɨɦ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɟ. 

 The paper presents modern data on improving the nutrition of fish grown in hatcheries by adding antioxidants to fish 

feed. Currently, various natural and synthetic antioxidants are used for these purposes. The results of various phenolic 

derivatives use for inhibiting lipid oxidation processes in fish feeds are given. The conclusion is made that further research is 

required for search of new efficient antioxidants that can increase the resistance of juveniles of valuable fish species upon 

their artificial reproduction. 

 
In modern ecological conditions, the number of natural populations of sturgeon in the Volga-

Caspian basin is dramatically reduced, therefore, artificial reproduction plays a crucial role in restoring 
the natural stocks of sturgeon. The feeding of hydrobionts is the most important technological element in 
industrial aquaculture. Fish-biological indicators of fish depend significantly on the quality of mixed 
fodders and their composition. Complex full-feeds include all sorts of vitamin premixes and antioxidants, 
it`s but not always sufficient if in the original fish meal, obtained from hydrobionts living in polluted 
waters, contains chemical compounds - toxicants. The lipid content in fishmeal is about 4-18%, 
polyunsaturated fatty acids are important components, which increase the energy value of the feed and 
its digestibility. In view of the high content of polyunsaturated fatty acids in fishmeal, long-term 
preservation of high-grade fodders on an industrial scale is not possible, because oxidative processes 
occur, which impair the quality of the feed [1]. The use of poor quality feeds adversely affects the 
growth of fish, causing diseases, and sometimes death. Valuable species of fish - salmon, whitefish, 
sturgeon - are particularly sensitive. 

For the stabilization of lipids in fish feeds, inhibitors of oxidative processes of the phenolic type are 
widely used [2], both of natural (tocopherol, ascorbic acid, lecithin) [3] and synthetic origin, for example, 
ionol (BHT) [4]. The use of BHT in high doses is undesirable, because the content of reactive oxygen 
species increases, as well as the products of metabolic oxidative decomposition of ionol promote 
suppress of the enzymatic antioxidant system. Butyloxyanisole (di-tert-butyl-hydroxyanisole), santohine 
(ethoxyquin, 2,2,4-trimethyl-6-ethoxy-1,2-dihydroquinoline), diluidine have been used for a long time as 
the synthetic antioxidants to stabilize fishmeal and feed (fig.1.). 
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Fig.1. Butyloxyanisole (1), santohine (2) and diluidine (3).  

 
The function of these compounds is based on the ability to trap free radicals formed during the 

oxidation of lipids, thereby they prevent food rancidity, which can subsequently lead to weight loss, 
oxidative stress and a deficiency of vitamins E and C in the fish that are grown on these fodders. 

Antioxidants should be introduced at the initial stages of the technological process of fishmeal 
production (addition to fish raw materials), before the beginning of the process of free radicals 
formation. Synthetic antioxidants are the compounds foreign to the body, so it is highly probable that 
they would appear to be toxic, especially depending on the dosage. In this regard, careful screening of 
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their action should be carried out in order to avoid undesirable effects. In addition, it is known that the 
introduction of endogenous antioxidants into the body at high concentrations helps to suppress its own 
antioxidant defense system due to the competition between bioantioxidants in order to maintain the total 
antioxidant activity. Therefore, the introduction of inhibitors of oxidation in fish food should not inhibit 
its own system of hydrobionts, but rather should increase the system of natural protection. 

At the present stage, various options for improving the nutrition of fish and increasing their 
resistance to various stressful situations by introducing additives of antioxidants in fish food are 
considered. In work [5] it is proposed to use vitamin E and selenium to protect the organism of perch 
from oxidative damage. The effect of fullerene (C60), omega-3 (docosahexaenoic acid) and omega-6 
(linoleic acid) polyunsaturated fatty acids (PUFA) on the antioxidant status of the carp brain [6] was 
evaluated and it was shown that in combination with PUFA fullerene exhibits a pronounced antioxidant 
effect, because a decrease in ROS and MDA was found. In addition, C60 affects the synthesis of GSH, 
as the increase of this antioxidant level is shown, and the concentration of intracellular cysteine is 
reduced. The protective effect of natural curcumin [7] on the fish Anabas testudineus was found (fig.2.). 

 

OH OMe OMe OH
O O

 
 

Fig.2. 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione (curdumin). 
 

Curcumin at doses of 0.5 and 1% was added to 40%  protein of the feed and was given to fish for 2 
and 8 weeks. An improvement in the antioxidant status of fish has been found, because a decrease in 
LPO products and an increase in glutathione content were noted.  

The effect of a by-product of olive oil pressing, a filtrate containing polyphenols on Sparus aurata 
sea bream was investigated [8], and an improvement in physiological parameters, including a decrease in 
the level of peroxidation in fish muscles, was shown. The addition of woolly-flowered astragal 
polysaccharide containing many flavonoids to the carp diet promoted the improvement of cell viability, 
inhibition of the increase in glutamate pyruvatetransaminase (GPT), glutamate sulfatetransaminase 
(GOT), lactate dehydrogenase (LDH), MDA and a significant increase in the reduced level of 
superoxide dismutase (SOD) [9]. The study of the influence of thymol-carvacrol (fig.3.) additives 
belonging to the class of phenol monoterpenides at a concentration of 1, 2 and 3 g/kg of fish feed on 
beluga growth and its blood parameters was performed [10].  

 

      (1)                                           (2) 
 

Fig.3. Carvacrol  (5-isopropyl-2-methylphenol) (1) and thymol (2-isopropyl-5-methylphenol) (2). 
 

The results showed that the inclusion of thymol-carvacrol additives significantly increased the 
growth of fish. The obtained data allowed to conclude that the introduction of these compounds into the 
feed could increase immunity and productivity of sturgeon growth. Additives as antioxidants of taurine 
and glutamine (fig.4.) in fish food favored to a good growth of Japanese flounder and an increase in the 
antioxidant status of their body [11]. It was noted that the fish that consumed higher concentrations of 
taurine and glutamine showed higher resistance to oxidation, thus demonstrating an important role in 
protecting fish from oxidative stress. In review [12] it was proposed use of taurine in fish feed to 
improve environmental sustainability in fish nutrition. 
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Fig.4. Glutamine (1) and taurine (2). 
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The influence of new derivatives of sterically hindered phenol, which contain phosphorus, 
pyrrolidine, thioacetamide and porphyrin fragments, on the growth, development and biochemical 
parameters of young Russian sturgeon has been studied and compared with ionol, trolox and vitamin E. 
The ability of polysubstituted derivatives of sterically hindered phenol to reduce the level of lipid 
hydroperoxide accumulation in the drawing of the fish feed was shown. It was found that the addition of 
these compounds could significantly increase the quality of fish feed and its shelf life. The addition of 
the tested compounds to the fish feed had a positive effect on the balance in the antioxidant protection 
system and contributed to the preservation of the physiological parameters of sturgeon. The highest 
antioxidant activity was found for 4-hydroxy-3,5-di-tert-butylphenyl)methylenediphosphonic acid.  

In the result of the research, it can be recommended to add the studied sterically hindered phenol, 
which contains phosphorus, pyrrolidine, thioacetamide and porphyrin fragments to a fish forage in 
aquaculture at artificial cultivation of hydrobionts. This will help not only to improve the feeds quality, 
but also will increase the resistance of a fragile organism to anthropogenic toxic impurities exposure, 
that can potentially be present in feedstocks used for fish feed production. 

Thus, natural and synthetic antioxidants are widely used to prevent free radical oxidation of fish 
food lipids, but many of these drugs are either ineffective or have undesirable side effects. In this 
connection, the synthesis and the study of the inhibitory activity of hybrid molecules combining anti-
radical activity with an anti-peroxide one, but showing no side effects, remains an actual trend in 
fundamental and applied chemistry. Such compounds can be represented by biomimetics - derivatives of 
2,6-di-tert-butylphenol, containing various functional groups in the para-position. The analysis of the 
presented data proves the urgency of research on the search for new efficient antioxidants aimed on 
development of methods for increasing the efficiency of artificial reproduction of young valuable 
sturgeon fish species and for preserving the gene pool. 

 
This work was supported by the Russian Foundation for Basic Research (grant № 16-03-00334). 
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«ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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Ɋɚɡɪɚɛɨɬɚɧ ɩɪɨɫɬɨɣ, ɧɟ ɬɪɟɛɭɸɳɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɦɟɬɨɞ ɝɢɞɪɨɚɦɢɧɢɪɨɜɚɧɢɹ ɫɬɢɪɨɥɚ 

ɚɪɢɥɚɦɢɧɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɤɚɬɢɨɧɧɵɯ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
ɩɚɥɥɚɞɢɹ ɫ ɮɨɫɮɨɪɨɪɝɚɧɢɱɟɫɤɢɦɢ ɥɢɝɚɧɞɚɦɢ ɢ ɷɮɢɪɚɬɨɦ ɬɪɢɮɬɨɪɢɞɚ ɛɨɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɥɨɠɟɧɵ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɚ [Pd(acac)(PPh3)2][BF4]/BF3·OEt2/i-PrOH, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɦɚɥɨɣ ɡɚɝɪɭɡɤɨɣ ɩɚɥɥɚɞɢɟɜɨɝɨ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ (0.2-0.05 ɦɨɥɶɧ.%) ɜ 
ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ ɚɧɚɥɨɝɚɦɢ. 

A simple and solvent-free protocol using cationic acetylacetonate palladium complexes with phosphine ligands activated 

with BF3·OEt2 as in situ-formed catalyst for hydroamination of styrene with arylamines have been developed. Excellent 

catalytic activities were obtained using [Pd(acac)(PPh3)2][BF4]/BF3·OEt2/i-PrOH catalyst system with the addition of a 

small amount of palladium (0.2-0.05 mol%) to the reaction mixture. 

 
Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɝɢɞɪɨɚɦɢɧɢɪɨɜɚɧɢɟ ɨɥɟɮɢɧɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɷɮɮɟɤɬɢɜɧɵɣ ɦɚɪɲɪɭɬ 

ɩɨɥɭɱɟɧɢɹ ɚɥɤɢɥ- ɢ ɛɟɧɡɢɥɚɦɢɧɨɜ ɢɡ ɞɨɫɬɭɩɧɵɯ ɪɟɚɝɟɧɬɨɜ [1]. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɩɨɞɯɨɞɨɜ ɤ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɦɭ ɝɢɞɪɨɚɦɢɧɢɪɨɜɚɧɢɸ ɹɜɥɹɟɬɫɹ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɧɢɥɢɧɨɜ ɤ 
ɜɢɧɢɥɚɪɟɧɚɦ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɟ ɫɢɫɬɟɦɚɦɢ ɫɨɫɬɚɜɚ Pd(OCOCF3)2/ɬɪɟɬɢɱɧɵɣ ɮɨɫɮɢɧ (PPh3 ɢɥɢ 
dppf)/TfOH [2–4]. ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɪɨɞɢɹ ɢ ɪɭɬɟɧɢɹ [1], ɢɡɜɟɫɬɧɵɟ 
ɩɚɥɥɚɞɢɟɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɩɪɨɞɭɤɬɚɦ, 
ɨɬɜɟɱɚɸɳɢɦ ɩɪɚɜɢɥɭ Ɇɚɪɤɨɜɧɢɤɨɜɚ, ɨɞɧɚɤɨ ɬɪɟɛɭɸɬ ɜɵɫɨɤɢɯ ɡɚɝɪɭɡɨɤ ɩɚɥɥɚɞɢɹ ɜ ɪɟɚɤɰɢɸ 
(≥2 ɦɨɥɶɧ.%, ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 50) (ɭɪɚɜɧɟɧɢɟ 1). 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɚɤɬɢɜɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɬɢɨɧɧɵɦɢ ɝɢɞɪɢɞɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɩɚɥɥɚɞɢɹ ɢ ɜɤɥɸɱɚɸɬ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɫɬɚɞɢɢ ɜɧɟɞɪɟɧɢɹ ɨɥɟɮɢɧɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɨɣ ɦɨɥɟɤɭɥɨɣ 
ɚɧɢɥɢɧɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ Ș3-ɛɟɧɡɢɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ [5] (ɪɢɫ. 1). Ɉɫɧɨɜɧɵɦ ɩɨɛɨɱɧɵɦ ɩɪɨɰɟɫɫɨɦ 
ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɚɥɥɚɞɢɹ ɞɨ ɤɨɦɩɥɟɤɫɨɜ Pd(0) ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɚɥɥɚɞɢɹ. 

 

 

(1) 

 
ɉɪɟɠɞɟ, ɱɟɦ ɩɪɨɜɨɞɢɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɛɵɥɢ ɨɫɭɳɟɫɬɜɥɟɧɵ ɩɨɢɫɤ ɢ ɩɨɞɛɨɪɤɚ 

ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɝɢɞɪɨɚɦɢɧɢɪɨɜɚɧɢɹ ɫɬɢɪɨɥɚ (St) ɚɧɢɥɢɧɨɦ (An), ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɵɯ 
ɥɟɝɥɢ ɪɚɛɨɬɵ Hartwig’ɚ ɫ ɫɨɬɪ. [3, 4]. Ɋɟɡɭɥɶɬɚɬɵ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɉɨɫɤɨɥɶɤɭ ɪɟɚɤɰɢɹ ɚɦɢɧɢɪɨɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, 
ɬɨ ɨɞɧɢɦ ɢɡ ɤɪɢɬɟɪɢɟɜ ɜɵɛɨɪɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɹɜɥɹɥɚɫɶ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ. Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ ɞɚɧɧɵɯ ɧɚɢɥɭɱɲɢɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɞɥɹ ɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ 
ɢɡɨɩɪɨɩɚɧɨɥ (Ɉɩ. 1-5). 

Ɍɚɤ ɜ ɫɪɟɞɟ ɷɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɢɜɵɫɲɚɹ ɤɨɧɜɟɪɫɢɹ 56% ɩɪɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ 
ɰɟɥɟɜɨɦɭ ɩɪɨɞɭɤɬɭ 99% ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ [(acac)Pd(dppf)]BF4/10HBF4OEt2. 
ȼ ɧɢɬɪɨɦɟɬɚɧɟ ɠɟ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ ɩɭɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɩɨɷɬɨɦɭ ɨɧ 
ɧɟɩɪɢɦɟɧɢɦ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɚɦɢɧɢɪɨɜɚɧɢɹ. ȼ ɫɪɟɞɟ 1,2,4-TɏȻ ɢ 
ȾɆɎȺ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɨɫɧɨɜɧɨɦɭ ɩɪɨɞɭɤɬɭ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɚɧɧɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
99%, ɨɞɧɚɤɨ ɤɨɧɜɟɪɫɢɹ ɫɬɢɪɨɥɚ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ, ɩɨɪɹɞɤɚ 13%. ȼ ɫɪɟɞɟ ɬɨɥɭɨɥɚ ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (Ɉɩ. 1, 6, 7) ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɤɨɦɩɥɟɤɫɵ ɩɚɥɥɚɞɢɹ ɫ 
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ɪɚɡɧɵɦɢ ɮɨɫɮɢɧɚɦɢ (PPh3, PCy3, dppf). Ʉɨɦɩɥɟɤɫɵ ɩɪɨɹɜɢɥɢ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ 
ɨɫɧɨɜɧɨɦɭ ɩɪɨɞɭɤɬɭ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɤɨɦɩɥɟɤɫɚ [(acac)Pd(PCy3)2]BF4, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 1,3-ɞɢɮɟɧɢɥɛɭɬɟɧɚ-1. ɉɪɢɱɢɧɚ ɢɡɦɟɧɟɧɢɹ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 

 
Ɋɢɫ. 1. Ɇɟɯɚɧɢɡɦ ɝɢɞɪɨɚɦɢɧɢɪɨɜɚɧɢɹ ɫɬɢɪɨɥɚ 

 

Ɍɚɛɥɢɰɚ 1 
Ɉɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɚɦɢɧɢɪɨɜɚɧɢɹ ɫɬɢɪɨɥɚ ɚɧɢɥɢɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɩɚɥɥɚɞɢɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ [(acac)Pd(L)2]BF4 ɢɥɢ [(acac)Pd(L^L)]BF4. 

Ɉɩ. Ʌɢɝɚɧɞ (L 
ɢɥɢ L^L) 

nPd, 
ɦɤɦɨɥɶ 

[B]0:[Pd]0 ɋɨɤɚɬɚɥɢɡɚɬɨɪ Ɋɚɫɬɜɨɪɢɬɟɥɶ TON[a] 
ɋɟɥɟɤɬɢɜ-
ɧɨɫɬɶ[b], % 

1[c] dppf 20 10 [H·OEt2][BF4] Ɍɨɥɭɨɥ 32 99 

2[c] dppf 20 10 [H·OEt2][BF4] MeNO2 52.5 0 

3[c] dppf 20 10 [H·OEt2][BF4] ȾɆɎȺ 12 99 

4[c] dppf 20 10 [H·OEt2][BF4] 1,2,4-TɏȻ 9 99 

5[c] dppf 20 10 [H·OEt2][BF4] i-PrOH 42 99 

6[c] 2PCy3 20 10 [H·OEt2][BF4] Ɍɨɥɭɨɥ 74 0 

7[c] 2PPh3 20 10 [H·OEt2][BF4] Ɍɨɥɭɨɥ 38 94 

8[d] dppf 10 10 [H·OEt2][BF4] i-PrOH 45 99 

9[e] dppf 5 10 [H·OEt2][BF4] i-PrOH 36 99 

10[f] dppf 2 10 [H·OEt2][BF4] i-PrOH 24 99 

11[c] 2PPh3 20 10 BF3·OEt2 Ɍɨɥɭɨɥ 20 91 

12[c] 2PPh3 20 10 BF3·OEt2 i-PrOH 41 92 

[a] ɦɨɥɶSt/ɦɨɥɶPd. ɍɫɥɨɜɢɹ ɪɟɚɤɰɢɢ: 20 ɱ, t = 100 °C, V0 = 1,5 ɦɥ [b] Ɉɬɧɨɫɢɬɟɥɶɧɨ N-(1-ɮɟɧɢɥɷɬɢɥ)ɚɧɢɥɢɧɚ. 
Ⱥɧɚɥɢɡ ɫɦɟɫɢ ɩɪɨɞɭɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ Ƚɀɏ ɫ ɉɂȾ-ɞɟɬɟɤɬɨɪɨɦ. ɉɨɛɨɱɧɵɣ ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ 1,3-
ɞɢɮɟɧɢɥɛɭɬɟɧ-1 ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɦɟɬɨɞɨɦ Ƚɀɏ ɫ ɦɚɫɫ-ɞɟɬɟɤɬɨɪɨɦ. [c] [Pd]0:[St]0:[An]0 = 1:75:50, [d] 
[Pd]0:[St]0:[An]0 = 1:150:100 [e] [Pd]0:[St]0:[An]0 = 1:300:200  [f] [Pd]0:[St]0:[An]0 = 1:600:400 

 
ɉɪɢ ɫɧɢɠɟɧɢɢ ɡɚɝɪɭɡɨɤ ɤɨɦɩɥɟɤɫɚ [(acac)Pd(dppf)]BF4 ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ 

ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɫɭɛɫɬɪɚɬɚ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 
ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ (Ɉɩ. 5, 8-10). Ɍɚɤ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɩɚɥɥɚɞɢɹ ɫ 20 ɞɨ 10 
ɦɤɦɨɥɶ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɨɣ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɛɨɥɶɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢɫɯɨɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɬ.ɟ. ɩɪɢ ɡɚɝɪɭɡɤɟ 20 ɦɤɦɨɥɶ 
ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɨɫɬɚɜɚɥɫɹ ɧɟɪɚɫɬɜɨɪɟɧɧɵɣ ɢɫɯɨɞɧɵɣ ɤɨɦɩɥɟɤɫ, ɚ ɩɪɢ 10 ɦɤɦɨɥɶ — ɧɟɬ. 
ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɫɧɢɠɟɧɢɢ ɡɚɝɪɭɡɤɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ 2 ɪɚɡɚ, TON ɫɧɢɠɚɟɬɫɹ ɞɨ 36 ɦɨɥɶSt/ɦɨɥɶPd, ɢ 
ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɩɚɥɥɚɞɢɹ ɟɳɟ ɜ 2 ɪɚɡɚ — ɩɚɞɚɟɬ ɞɨ 24 ɦɨɥɶSt/ɦɨɥɶPd. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɨɛɫɭɠɞɚɟɦɨɝɨ ɜɵɲɟ ɫɨɫɬɚɜɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɡɚɝɪɭɡɤɢ ɩɚɥɥɚɞɢɟɜɨɝɨ 
ɩɪɟɤɭɪɫɨɪɚ ɧɢɠɟ 1-2% (ɦɨɥɶɧ.) ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɝɨ ɭɪɨɜɧɹ ɜɵɯɨɞɚ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ. 
Ⱦɚɥɟɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɛɨɥɟɟ ɞɟɲɟɜɵɦ ɢ ɞɨɫɬɭɩɧɵɦ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɬɟɬɪɚɮɬɨɪɨɛɨɪɢɫɬɨɣ ɤɢɫɥɨɬɨɣ) ɷɮɢɪɚɬɨɦ ɬɪɢɮɬɨɪɢɞɚ ɛɨɪɚ ɜ ɤɚɱɟɫɬɜɟ ɫɨɤɚɬɚɥɢɡɚɬɨɪɚ. ȼ 
ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɦɩɥɟɤɫɚ [(acac)Pd(PPh3)2]BF4 ɜ ɫɪɟɞɟ ɬɨɥɭɨɥɚ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɜ 2 ɪɚɡɚ ɧɢɠɟ, ɱɟɦ ɜ ɢɡɨɩɪɨɩɚɧɨɥɟ (Ɉɩ. 11, 12). Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ 
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ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ BF3·OEt2 ɫ i-PrOH ɨɛɪɚɡɭɟɬɫɹ ɤɢɫɥɨɬɚ [H·OEt2][(i-PrO)BF3], ɤɨɬɨɪɚɹ ɩɨ ɫɜɨɟɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɫɨɤɚɬɚɥɢɡɚɬɨɪɚ ɧɟ ɭɫɬɭɩɚɟɬ [H·OEt2][BF4] (Ɉɩ. 7, 12). 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɟɚɤɰɢɹ ɝɢɞɪɨɚɦɢɧɢɪɨɜɚɧɢɹ ɫɬɢɪɨɥɚ ɚɧɢɥɢɧɨɦ ɦɨɠɟɬ ɛɵɬɶ 
ɨɫɭɳɟɫɬɜɥɟɧɚ, ɤɨɝɞɚ ɢɡɨɩɪɨɩɚɧɨɥ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɢɧɢɦɚɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ, ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɦɩɨɧɟɧɬɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɜ ɜɢɞɟ 20 ɨɛ.% ɪɚɫɬɜɨɪɚ ɜ ɢɡɨɩɪɨɩɚɧɨɥɟ (1BF3·OEt2/6.5i-
PrOH). ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɭɞɚɥɨɫɶ ɫɧɢɡɢɬɶ ɡɚɝɪɭɡɤɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɰɢɸ ɢ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɝɨ 
ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ (780 ɨɛ.)  ɞɥɹ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ (84%) ɩɨ 
ɨɫɧɨɜɧɨɦɭ ɩɪɨɞɭɤɬɭ ɪɟɚɤɰɢɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɚɦɢɧɢɪɨɜɚɧɢɹ ɜ 
ɢɡɛɵɬɤɟ ɚɧɢɥɢɧɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ N-(1-ɮɟɧɢɥɷɬɢɥ)ɚɧɢɥɢɧɭ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 93%. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɨɬɧɨɲɟɧɢɹ B/Pd ɫ 10 ɞɨ 20 ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɩɪɢ ɨɞɢɧɚɤɨɜɨ 
ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 81% ɩɨ ɩɪɨɞɭɤɬɭ ɚɦɢɧɢɪɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɷɬɨɝɨ 
ɨɬɧɨɲɟɧɢɹ ɞɨ 50 ɢ 100 ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɨ 780 ɢ 850 
ɦɨɥɶSt/ɦɨɥɶPd, ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜ 2 ɪɚɡɚ. 
ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ BF3·OEt2 ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɨɬ 10 ɞɨ 20 ɱɚɫɬɟɣ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɚɥɥɚɞɢɟɜɨɦɭ ɤɨɦɩɥɟɤɫɭ. Ɍɚɤɠɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ 
ɚɦɢɧɢɪɨɜɚɧɢɸ ɫɬɢɪɨɥɚ ɪɚɡɥɢɱɧɵɦɢ ɚɪɢɥɚɦɢɧɚɦɢ. 
 

«ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ № 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɤɟɥɶɫɨɞɟɪɠɚɳɢɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɞɥɹ ɩɪɨɰɟɫɫɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɦɟɬɚɧɚ 

ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ. Ȼɵɥ ɩɨɥɭɱɟɧ ɪɹɞ ɞɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɝɟɬɟɪɨɮɚɡɧɵɦ ɡɨɥɶ-ɝɟɥɶ 
ɦɟɬɨɞɨɦ.  

This paper presents nickel-containing catalysts for process of catalysts decomposition of methane with the aim of 

producing hydrogen. Set of catalyst were prepared according to heterophase sol-gel method. 

 

ɋɨɫɬɨɹɧɢɟ ɷɤɨɥɨɝɢɢ ɜ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɭɯɭɞɲɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɩɨɥɭɱɟɧɢɸ ɜɨɞɨɪɨɞɚ ɢ 
ɦɟɬɚɧɨ-ɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ ɡɚɨɫɬɪɟɧɨ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɜɨɞɨɪɨɞ ɦɨɠɟɬ ɫɬɚɬɶ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɦ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ 
ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ ɥɟɝɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɗɬɨɬ ɦɟɬɨɞ ɢɦɟɟɬ ɪɹɞ ɞɨɫɬɨɢɧɫɬɜ, 
ɬɚɤɢɯ ɤɚɤ: ɨɬɫɭɬɫɬɜɢɟ ɩɨɛɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɩɨɫɥɟɞɭɸɳɚɹ ɨɱɢɫɬɤɚ ɨɬ ɩɪɢɦɟɫɟɣ ɋɈ ɢ ɋɈ2), ɦɚɥɚɹ 
ɷɧɟɪɝɨɡɚɬɪɚɬɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɢɟ ɧɚɧɨɜɨɥɨɤɧɢɫɬɨɝɨ ɭɝɥɟɪɨɞɚ (ɇȼɍ). 

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɸɬɫɹ ɧɢɤɟɥɶɫɨɞɟɪɠɚɳɢɟ 
ɤɚɬɚɥɢɡɚɬɨɪɵ [1], ɚ ɜɜɟɞɟɧɢɟ ɜ ɢɯ ɫɨɫɬɚɜ ɦɟɞɢ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɠɢɡɧɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɰɟɥɨɦ, 
ɬɚɤ ɤɚɤ ɨɧɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɸ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɫɩɟɤɚɧɢɸ ɚɤɬɢɜɧɨɣ ɮɚɡɵ [2]. 

ȼ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɝɟɬɟɪɨɮɚɡɧɵɦ ɡɨɥɶ-ɝɟɥɶ ɫɢɧɬɟɡɨɦ [3], ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɤɨɬɨɪɨɝɨ 
ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɟɲɟɜɢɡɧɚ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɫɩɟɤɚɧɢɹ ɡɚ 
ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɟɦɧɟɡɟɦ-ɫɢɥɢɤɚɬɧɨɣ ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɢ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɩɪɨɰɟɫɫɟ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. 

Ⱦɚɧɧɵɦ ɦɟɬɨɞɨɦ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧ ɪɹɞ ɤɚɬɚɥɢɡɚɬɨɪɨɜ: 10% NiO/ 90% SiO2 (ɦɚɫɫ.), 50% 
NiO/ 50% SiO2 (ɦɚɫɫ.), 90% NiO/ 10% SiO2 (ɦɚɫɫ.).  

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɩɪɨɰɟɫɫɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 
ɪɚɡɥɨɠɟɧɢɹ ɦɟɬɚɧɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɢɯ ɚɤɬɢɜɧɨɫɬɢ. ɉɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ (ɪɢɫ. 1).  

 
Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɧ-ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɨɬ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɤɚɬɚɥɢɡɚɬɨɪɚ 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɪɟɦɹ ɠɢɡɧɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢ ɞɚɜɥɟɧɢɢ 1 ɚɬɦ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 535 °ɋ ɞɥɹ 
50% NiO/ 50% SiO2 ɫɨɫɬɚɜɢɥɨ 8,3 ɱ, ɚ ɞɥɹ 90% NiO/ 10% SiO2 - 5,1 ɱ. ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɧɨ-ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɞɥɹ 50% NiO/ 50% SiO2 ɫɨɫɬɚɜɢɥɨ 37 ɦɚɫɫ. %, ɚ 
ɞɥɹ 90% NiO/ 10% SiO2 – 30,8 ɦɚɫɫ. %. 

mailto:margarita.kh301@gmail.com
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ɉɨɦɢɦɨ ɷɬɨɝɨ, ɛɵɥ ɫɪɚɜɧɟɧ ɤɚɬɚɥɢɡɚɬɨɪ 90% NiO/ 10% SiO2 (ɦɚɫɫ.) ɫ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɫɨɫɬɚɜɚ 
90% NiO/10%Al2O3, ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ ɧɚɜɟɫɤɢ ɝɟɥɹ ɩɫɟɜɞɨɛɟɦɢɬɚ ɦɟɬɨɞɨɦ ɫɯɨɠɢɦ ɫ ɦɟɬɨɞɨɦ 
ɫɨɨɫɚɠɞɟɧɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 675 °ɋ ɢ ɞɚɜɥɟɧɢɢ 1 ɢ 5 ɚɬɦ. ɉɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ 
(ɪɢɫ. 2). 

 
Ɋɢɫ.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɧ-ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ  

ɨɬ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ  
 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 535 °ɋ ɞɨ 675 °ɋ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ 90% NiO/ 
10% SiO2 ɫɧɢɠɚɟɬɫɹ ɜɪɟɦɹ ɠɢɡɧɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ 5,1 ɱ ɞɨ 0,7 ɱ, ɩɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 30,8 ɦɚɫɫ. % ɞɨ 46,6 ɦɚɫɫ.%. Ʉɪɨɦɟ ɷɬɨɝɨ, ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɜɪɟɦɟɧɢ ɠɢɡɧɢ 
ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɯɨɞɟ ɪɚɡɥɨɠɟɧɢɹ ɦɟɬɚɧɚ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ 90% NiO/10%Al2O3 ɛɨɥɶɲɟ ɢ 
ɫɨɫɬɚɜɥɹɟɬ 66 ɦɚɫɫ.%. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɫ 1 ɞɨ 5 ɚɬɦ ɫɧɢɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ, ɧɨ 
ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɪɟɦɹ ɠɢɡɧɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɰɟɥɨɦ. 

Ɍɚɤɠɟ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ: ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɚɞɫɨɪɛɰɢɹ ɚɡɨɬɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ, 
ɫɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɞɥɹ ɢɡɭɱɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ, ɩɪɨɟɤɬ № ɋɉ-69.2016.1., ɚ 

ɬɚɤɠɟ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɩɨɞɞɟɪɠɤɢ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɜɟɞɭɳɢɯ ɭɱɟɧɵɯ ɜ ɪɨɫɫɢɣɫɤɢɯ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ - Ⱦɨɝɨɜɨɪ № 14.Z50.31.0041. ɉɪɢɤɚɡ ɨɬ 13 
ɮɟɜɪɚɥɹ 2017 ɝɨɞɚ. 

Ⱥ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɪɚɛɨɬɵ, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɪɚɦɤɚɯ ɩɪɨɝɪɚɦɦɵ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ 
ɪɚɡɜɢɬɢɹ ɇȽɌɍ ɧɚ 2017 ɝɨɞ, ɲɢɮɪ ɩɪɨɟɤɬɚ ɋ-13. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Catalytic decomposition of CH4 over NiO-Al2O3-SiO2 catalysts: Influence of catalyst preparation conditions on the 
production of H2 / J. Ashok, G. Raju, P. S. Reddy, M. Subrahmanyam // International Journal of Hydrogen Energy. -  2008. -  
Vol. 33. -  P. 4809-4818. 

2. ɉɚɬɟɧɬ 2064889, ɆɉɄ ɋ01 ȼ 3/26, ɋ01 ȼ 31/02 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢ 
ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ / Ʌ.Ȼ. Ⱥɜɞɟɟɜɚ, Ɉ.ȼ, Ƚɨɧɱɚɪɨɜɚ, Ƚ.Ƚ, Ʉɭɜɲɢɧɨɜ, ȼ.Ⱥ. Ʌɢɯɨɥɨɛɨɜ, ȼ.ɇ. ɉɚɪɦɨɧ. – № 
93930081/54; ɡɚɹɜɥ. 11.02.1993; ɨɩɭɛɥ. 10.08.1996. 

3. ȿɪɦɚɤɨɜɚ Ɇ.Ⱥ. ɋɬɪɭɤɬɭɪɚ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Ni ɢ Fe ɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, 
ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɝɟɬɟɪɨɮɚɡɧɨɝɨ ɡɨɥɶ-ɝɟɥɶ ɫɢɧɬɟɡɚ: ɞɢɫ. … ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ: 02.0015. – ɇɨɜɨɫɢɛɢɪɫɤ, 2002. – 
161 ɫ. 
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ɍȾɄ 541.124+547.314+547.315 

 
ɇɍɄɅȿɈɎɂɅɖɇɈȿ ɉɊɂɋɈȿȾɂɇȿɇɂȿ ȺɐȿɌɈɎȿɇɈɇȺ Ʉ 

ɆȿɌɂɅɉɊɈɉȺɊȽɂɅɈȼɈɆɍ ɂ ɆȿɌɂɅȺɅɅȿɇɂɅɈȼɈɆɍ ɗɎɂɊȺɆ: 
ɄȼȺɇɌɈȼɈɏɂɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ 

 
Ⱥ.ɋ. Ȼɨɛɤɨɜ 

 ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ʉɚɪɥɚ Ɇɚɪɤɫɚ, 1. 

e-mail: alex.bobkov@isu.ru 

 
ȼ ɪɚɦɤɚɯ ɦɟɬɨɞɨɜ ɤɜɚɧɬɨɜɨɣ ɯɢɦɢɢ ɢɫɫɥɟɞɨɜɚɧɚ ɪɟɚɤɰɢɹ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɰɟɬɨɮɟɧɨɧɚ ɩɨ 

ɬɟɪɦɢɧɚɥɶɧɨɦɭ ɢ ɢɧɬɟɪɧɚɥɶɧɨɦɭ ɚɬɨɦɚɦ ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɨɝɨ ɢ ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɨɝɨ ɷɮɢɪɨɜ. Ɉɰɟɧɟɧɵ 
ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɨɧɨ-ɚɞɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜɢɧɢɥɢɪɨɜɚɧɢɹ. 

A quantum-chemical study of acetophenone nucleophilic addition to the terminal and internal atoms of methylpropargyl 

and methylallenyl ethers was carried out. The activation barriers and the relative stability of the mono-adducts of the 

vinylation reaction were estimated. 

 
Ɉɬɤɪɵɬɚɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɪɟɚɤɰɢɹ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɟɬɨɧɨɜ ɤ ɬɪɨɣɧɨɣ 

ɫɜɹɡɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɭɩɟɪɨɫɧɨɜɚɧɢɣ [1] ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɪɚɫɲɢɪɹɟɬ ɝɪɚɧɢɰɵ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɰɟɬɢɥɟɧɨɜ ɢ ɤɟɬɨɧɨɜ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɚɤɨɩɥɟɧ ɪɹɞ 
ɜɩɟɱɚɬɥɹɸɳɢɯ ɩɪɢɦɟɪɨɜ ɜɢɧɢɥɢɪɨɜɚɧɢɹ ɤɟɬɨɧɨɜ ɤɚɤ ɫɚɦɢɦ ɚɰɟɬɢɥɟɧɨɦ, ɬɚɤ ɢ ɟɝɨ ɚɪɢɥ- ɢ 
ɝɟɬɚɪɢɥɡɚɦɟɳɟɧɧɵɦɢ.  

Ɇɟɧɟɟ ɢɡɭɱɟɧɵ ɪɟɚɤɰɢɢ ɜɢɧɢɥɢɪɨɜɚɧɢɹ ɤɟɬɨɧɨɜ ɚɥɤɢɥɚɰɟɬɢɥɟɧɚɦɢ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɦɢ. 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɤ ɬɚɤɨɝɨ ɪɨɞɚ ɪɟɚɤɰɢɹɦ ɨɛɭɫɥɨɜɥɟɧ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɟɦ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɫɢɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ ɚɥɤɢɧɵ ɫɩɨɫɨɛɧɵ ɤ ɢɡɨɦɟɪɢɡɚɰɢɢ ɩɨɥɨɠɟɧɢɹ ɤɪɚɬɧɨɣ ɫɜɹɡɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɥɥɟɧɨɜɵɯ ɫɬɪɭɤɬɭɪ.  

Ɋɟɚɤɰɢɹ ɜɢɧɢɥɢɪɨɜɚɧɢɹ ɚɰɟɬɨɮɟɧɨɧɚ ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɵɦ ɢɥɢ ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɵɦ ɷɮɢɪɨɦ 
ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɫɢ ɚɞɞɭɤɬɨɜ ɦɨɧɨ-ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɢɧɬɟɪɧɚɥɶɧɨɦɭ ɚɬɨɦɭ (18%) ɢ ɛɢɫ-
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɬɟɪɦɢɧɚɥɶɧɨɦɭ ɚɬɨɦɭ (24%) ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 
ɜɵɛɪɚɧɧɨɝɨ ɞɥɹ ɪɟɚɤɰɢɢ ɷɮɢɪɚ [2]. Ɋɚɧɟɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ [3], ɱɬɨ 
ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɵɣ ɷɮɢɪ ɩɪɢ 100 oɋ ɡɚ 15 ɦɢɧ. ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɡɨɦɟɪɢɡɭɟɬɫɹ ɜ 
ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɵɣ ɷɮɢɪ. ȼɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɮɚɤɬɵ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɢ 
ɫ ɚɧɢɨɧɨɦ ɤɟɬɨɧɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɪɟɚɝɢɪɭɟɬ ɢɦɟɧɧɨ ɚɥɥɟɧɨɜɚɹ ɮɨɪɦɚ. 

Ʉɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɩɪɨɜɟɞɟɧɵ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ CBS//QB3 [4] ɫ ɭɱёɬɨɦ ɷɮɮɟɤɬɨɜ 
ɫɨɥɶɜɚɬɚɰɢɢ ɜ ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɟ ɧɚ ɭɪɨɜɧɟ IEF PCM. ɉɨɞɯɨɞ CBS//QB3, ɜ ɨɬɥɢɱɢɟ ɨɬ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɟɬɨɞɨɜ B3LYP ɢ MP2, ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɜɢɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɣ 
ɚɰɟɬɢɥɟɧɨɜɨɣ ɢ ɚɥɥɟɧɨɜɨɣ ɮɨɪɦ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ [5,6] ɢ ɫ ɭɱёɬɨɦ ɩɨɩɪɚɜɤɢ ɧɚ ɷɧɟɪɝɢɸ 
ɫɨɥɶɜɚɬɚɰɢɢ ɜ ȾɆɋɈ ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɛɨɥɶɲɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɩɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɚɥɥɟɧɚ ɧɚ ΔH 
= 1,7 ɤɤɚɥ/ɦɨɥɶ. 

ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɤɚɤ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɬɚɤ ɢ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ ɹɜɥɹɟɬɫɹ SP-ɮɨɪɦɚ 
ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ, ɟɝɨ AP-ɮɨɪɦɚ ɧɚ 2,2 ɤɤɚɥ/ɦɨɥɶ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɚ. ɗɧɬɚɥɶɩɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ AP- ɢ SC-ɤɨɧɮɨɪɦɟɪɨɜ ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɨɝɨ ɷɮɢɪɚ ɛɥɢɡɤɢ ɢ ɩɪɟɜɵɲɚɸɬ ɷɧɟɪɝɢɸ 
SP-ɤɨɧɮɨɪɦɟɪɚ ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ ɧɚ 3,0 ɢ 2,5 ɤɤɚɥ/ɦɨɥɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ.1). 
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Ɋɢɫ.1. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɧɮɨɪɦɟɪɨɜ ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɨɝɨ  
ɢ ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɨɝɨ ɷɮɢɪɨɜ (ΔH, ɤɤɚɥ/ɦɨɥɶ) 
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Ȼɚɪɶɟɪ ɢɡɨɦɟɪɢɡɚɰɢɢ ɩɪɨɩɚɪɝɢɥɶɧɨɣ ɮɨɪɦɵ ɷɮɢɪɚ ɜ ɚɥɥɟɧɢɥɶɧɭɸ (ΔH‡ = 9,0 ɤɤɚɥ/ɦɨɥɶ, ΔG‡ 
= 13,6 ɤɤɚɥ/ɦɨɥɶ), ɨɰɟɧɟɧɧɵɣ ɧɚɦɢ ɜ ɪɟɚɤɰɢɢ ɩɟɪɟɧɨɫɚ ɩɪɨɬɨɧɚ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɦ ɢ ɪɚɡɧɢɰɚ 
ɬɟɩɥɨɬ ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɢɯ ɮɨɪɦ (ΔH = 2,5 ɤɤɚɥ/ɦɨɥɶ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɟɨɛɥɚɞɚɧɢɢ ɜ ɫɦɟɫɢ 
ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ [3].  

 

ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɤɚɪɛɚɧɢɨɧɚ ɚɰɟɬɨɮɟɧɨɧɚ 1 ɩɨ ɬɟɪɦɢɧɚɥɶɧɨɦɭ ɚɬɨɦɭ ɚɥɥɟɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ 2a 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ SP-ɤɚɪɛɚɧɢɨɧɚ 3a ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɟɧɶɲɢɦ ɚɤɬɢɜɚɰɢɨɧɧɵɦ ɛɚɪɶɟɪɨɦ (ΔH‡ = 
15,2 ɤɤɚɥ/ɦɨɥɶ, ΔG‡ = 19,8 ɤɤɚɥ/ɦɨɥɶ), ɱɟɦ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɨ ɢɧɬɟɪɧɚɥɶɧɨɦɭ ɚɬɨɦɭ (ΔH‡ = 16,7 
ɤɤɚɥ/ɦɨɥɶ, ΔG‡ = 21,3 ɤɤɚɥ/ɦɨɥɶ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 4a. ɉɪɢ ɷɬɨɦ 4a ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ 3ɚ  ɧɚ ΔΔH = 5,5 ɤɤɚɥ/ɦɨɥɶ (ɫɯɟɦɚ 1). 

 
“0” = H1 + H2ɚ + Hɇ2Ɉ H2a – H2p= –2,5 “0” = H1 + H2p + Hɇ2Ɉ 

 
 

ɋɯɟɦɚ 1. ȼɢɧɢɥɢɪɨɜɚɧɢɟ ɤɚɪɛɚɧɢɨɧɚ ɚɰɟɬɨɮɟɧɨɧɚ (1) ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɵɦ (2a)  
ɢ ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɵɦ (2p) ɷɮɢɪɚɦɢ 

 

Ɉɛɚ ɤɚɪɛɚɧɢɨɧɚ 3a ɢ 4a ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɩɪɨɬɨɧɢɪɨɜɚɧɢɢ ɩɪɢɜɨɞɹɬ ɤ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦ 
ɧɟɧɚɫɵɳɟɧɧɵɦ ɤɟɬɨɧɚɦ 5a ɢ 6a, ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɷɧɬɚɥɶɩɢɢ ɤɨɬɨɪɵɯ ɫɛɥɢɠɚɸɬɫɹ (ΔΔH = 2,1 
ɤɤɚɥ/ɦɨɥɶ). Ɇɨɧɨ-ɚɞɞɭɤɬ 6a ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ, ɚ 5a –ɤɢɧɟɬɢɱɟɫɤɢ.  
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ȼ ɯɨɞɟ 1,3-ɩɪɨɬɨɬɪɨɩɧɨɣ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɫ ɭɱɚɫɬɢɟɦ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɚɧɢɨɧɧɵɣ ɰɟɧɬɪ ɛɟɡ 
ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɛɚɪɶɟɪɚ ɫ ɩɨɧɢɠɟɧɢɟɦ ɷɧɬɚɥɶɩɢɢ ɫɢɫɬɟɦɵ ɩɟɪɟɦɟɳɚɟɬɫɹ ɢɡ - ɜ α-ɩɨɥɨɠɟɧɢɟ 
ɤɚɪɛɚɧɢɨɧɚ, ɨɛɪɚɡɭɹ 7a ɢɥɢ 8a, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɜɬɨɪɨɣ ɦɨɥɟɤɭɥɵ ɷɮɢɪɚ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɢɫ-ɚɞɞɭɤɬɨɜ. 

Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɯ ɚɤɬɢɜɚɰɢɨɧɧɵɯ ɛɚɪɶɟɪɨɜ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ 2a ɤɚɪɛɚɧɢɨɧɚ ɚɰɟɬɨɧɚ ɩɨ ɬɟɪɦɢɧɚɥɶɧɨɦɭ ɢ ɢɧɬɟɪɧɚɥɶɧɨɦɭ ɚɬɨɦɚɦ ɚɥɥɟɧɨɜɨɝɨ 
ɮɪɚɝɦɟɧɬɚ ɫɨɫɬɚɜɢɥɚ ΔΔH‡ = 4,2 ɤɤɚɥ/ɦɨɥɶ, ΔΔG‡ = 4,4 ɤɤɚɥ/ɦɨɥɶ. ɉɪɢ ɡɚɦɟɧɟ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ 
ɧɚ ɮɟɧɢɥɶɧɭɸ ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɜɢɧɢɥɢɪɨɜɚɧɢɹ ɫɛɥɢɠɚɸɬɫɹ (ΔΔH‡ = 1,5 ɤɤɚɥ/ɦɨɥɶ, ΔΔG‡ 
= 1,5 ɤɤɚɥ/ɦɨɥɶ). ɗɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɨɫɤɨɥɶɤɭ ɦɟɧɶɲɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 
ɚɤɬɢɜɚɰɢɨɧɧɵɦɢ ɛɚɪɶɟɪɚɦɢ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɰɟɬɨɮɟɧɨɧɚ ɩɨ ɢɧɬɟɪɧɚɥɶɧɨɦɭ 
ɚɬɨɦɭ, ɱɬɨ ɛɵɥɨ ɦɚɥɨɜɟɪɨɹɬɧɨ ɜ ɫɥɭɱɚɟ ɚɰɟɬɨɧɚ. 

ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɫɢɧɬɟɡɟ ɢɝɪɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɨɛɚɜɥɟɧɢɹ ɪɟɚɝɟɧɬɨɜ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, 
ɜɵɫɨɤɚɹ ɤɢɫɥɨɬɧɨɫɬɶ ɤɟɬɨɧɨɜ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɫɢɫɬɟɦɭ 
KOH/DMSO ɫɧɚɱɚɥɚ ɤɟɬɨɧɚ ɩɪɢɜɟɞɟɬ ɤ ɟɝɨ ɛɵɫɬɪɨɦɭ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɢɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɧɢɨɧɚ ɢ ɦɨɥɟɤɭɥɵ ɜɨɞɵ. Ⱥɤɬɢɜɚɰɢɨɧɧɵɣ ɛɚɪɶɟɪ ɢɡɨɦɟɪɢɡɚɰɢɢ 
ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɨɝɨ ɷɮɢɪɚ 2p ɜ ɦɟɬɢɥɚɥɥɟɧɢɥɨɜɵɣ 2a ɫ ɭɱɚɫɬɢɟɦ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 
ΔH‡ = 9,0 ɤɤɚɥ/ɦɨɥɶ, ΔG‡ = 13,6 ɤɤɚɥ/ɦɨɥɶ, ɬɨɝɞɚ ɤɚɤ ɫ ɭɱɚɫɬɢɟɦ ɤɚɪɛɚɧɢɨɧɚ ɚɰɟɬɨɧɚ ɨɧ 
ɜɨɡɪɚɫɬɚɟɬ ɞɨ ΔH‡ = 23,6 ɤɤɚɥ/ɦɨɥɶ, ΔG‡ = 28,1 ɤɤɚɥ/ɦɨɥɶ. ɉɨɥɭɱɟɧɧɵɟ ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ 
ɢɡɨɦɟɪɢɡɚɰɢɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɞɨɛɚɜɥɟɧɢɹ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤɟɬɨɧɚ ɢ ɩɪɨɩɚɪɝɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜɨɡɦɨɠɧɨ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ ɜɢɧɢɥɢɪɨɜɚɧɢɹ 
ɛɟɡ ɢɡɨɦɟɪɢɡɚɰɢɢ ɬɪɨɣɧɨɣ ɫɜɹɡɢ.  

Ⱥɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 1 ɤ SC-ɦɟɬɢɥɩɪɨɩɚɪɝɢɥɨɜɨɦɭ ɷɮɢɪɭ 
2p ɛɥɢɡɤɢ ɢ ɫɨɫɬɚɜɥɹɸɬ ΔH‡ = 17,3 ɤɤɚɥ/ɦɨɥɶ, ΔG‡ = 19,3 ɤɤɚɥ/ɦɨɥɶ ɩɨ ɬɟɪɦɢɧɚɥɶɧɨɦɭ ɚɬɨɦɭ ɢ 
ΔH‡ = 17,6 ɤɤɚɥ/ɦɨɥɶ, ΔG‡ = 20,4 ɤɤɚɥ/ɦɨɥɶ ɩɨ ɢɧɬɟɪɧɚɥɶɧɨɦɭ ɚɬɨɦɭ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 1). 
Ɉɛɪɚɡɨɜɚɧɢɟ ɚɧɢɨɧɨɜ 3p ɢ 4p ɷɧɞɨɬɟɪɦɢɱɧɨ, ɨɞɧɚɤɨ, ɩɨɫɥɟɞɭɸɳɟɟ ɩɪɨɬɨɧɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɯ ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɟɬɨɧɨɜ 5p ɢ 6p ɫ ɛɥɢɡɤɨɣ ɷɧɬɚɥɶɩɢɟɣ. ȼ ɯɨɞɟ 1,3-
ɩɪɨɬɨɬɪɨɩɧɨɣ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɫ ɭɱɚɫɬɢɟɦ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɚɧɢɨɧɧɵɣ ɰɟɧɬɪ ɛɟɡ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ 
ɛɚɪɶɟɪɚ ɫ ɩɨɧɢɠɟɧɢɟɦ ɷɧɬɚɥɶɩɢɢ ɫɢɫɬɟɦɵ ɩɟɪɟɦɟɳɚɟɬɫɹ ɢɡ - ɜ α-ɩɨɥɨɠɟɧɢɟ ɤɚɪɛɚɧɢɨɧɚ, 
ɨɛɪɚɡɭɹ 7p ɢɥɢ 8p, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɜɬɨɪɨɣ ɦɨɥɟɤɭɥɵ ɷɮɢɪɚ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɢɫ-ɚɞɞɭɤɬɨɜ.  

ɉɨɥɭɱɟɧɧɵɟ ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 1 ɤ 2p ɛɥɢɡɤɢ ɤ 
ɧɚɣɞɟɧɧɵɦ ɪɚɧɟɟ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɨɧɚ ɚɰɟɬɨɧɚ ɤ 2p. ɉɪɢ ɡɚɦɟɧɟ ɦɟɬɢɥɶɧɨɝɨ 
ɡɚɦɟɫɬɢɬɟɥɹ ɤɟɬɨɧɚ ɧɚ ɮɟɧɢɥ ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɫɧɢɠɚɸɬɫɹ ɢɥɢ ɨɫɬɚɸɬɫɹ ɬɚɤɢɦɢ ɠɟ ɩɪɢ 
ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɤɚɤ ɩɨ ɬɟɪɦɢɧɚɥɶɧɨɦɭ (ΔΔH‡ = 0,9 ɤɤɚɥ/ɦɨɥɶ, ΔΔG‡ = 0,0 ɤɤɚɥ/ɦɨɥɶ), ɬɚɤ ɢ ɩɨ 
ɢɧɬɟɪɧɚɥɶɧɨɦɭ (ΔΔH‡ = 2,0 ɤɤɚɥ/ɦɨɥɶ, ΔΔG‡ = 0,7 ɤɤɚɥ/ɦɨɥɶ) ɚɬɨɦɭ 2p. ɉɪɢ ɷɬɨɦ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 
ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɜɢɧɢɥɢɪɨɜɚɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ ɧɢɠɟ, ɱɟɦ ɛɚɪɶɟɪ ɢɡɨɦɟɪɢɡɚɰɢɢ 2p ɜ 2a, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɫ ɩɪɨɩɚɪɝɢɥɶɧɨɣ ɮɨɪɦɨɣ ɷɮɢɪɚ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ 

№ 4.1671.2017/ɉɑ ɢ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɎɎɂ № 15-03-03880 ɚ.  
Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɝɥɭɛɨɤɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɜɨɟɦɭ ɧɚɭɱɧɨɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ – ɞ-ɪɭ ɯɢɦ. ɧɚɭɤ, 

ɩɪɨɮɟɫɫɨɪɭ ɇɚɞɟɠɞɟ Ɇɨɢɫɟɟɜɧɟ ȼɢɬɤɨɜɫɤɨɣ, ɚ ɬɚɤɠɟ ɞ-ɪɭ ɯɢɦ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪɭ ȼɥɚɞɢɦɢɪɭ 
Ȼɨɪɢɫɨɜɢɱɭ Ʉɨɛɵɱɟɜɭ ɢ ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ ȼɥɚɞɢɦɢɪɭ Ȼɨɪɢɫɨɜɢɱɭ Ɉɪɥɭ ɡɚ ɢɯ ɧɟɨɰɟɧɢɦɵɣ ɜɤɥɚɞ ɜ ɷɬɭ 
ɪɚɛɨɬɭ.  
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ɋɮɨɪɦɢɪɨɜɚɧɵ ɩɹɬɢɫɥɨɣɧɵɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɟ ɤɚɩɫɭɥɵ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ (ɄɌ) CdSe ɜ 

ɨɛɨɥɨɱɤɟ ɯɢɬɨɡɚɧɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɟ ɩɨɥɢɦɟɪɚɦɢ ɄɌ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢ 
ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɵɦ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ. ɍɫɬɚɧɨɜɥɟɧɨ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɟ ɜɥɢɹɧɢɟ ɐɌȺȻ ɧɚ ɩɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ ɫɥɨɟɜ 
ɉȺȼ ɧɚ ɄɌ CdTe ɫ ɨɛɨɥɨɱɤɨɣ ɢɡ ɦɟɪɤɚɩɬɨɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (ɆɉɄ). Ɇɟɬɨɞɨɦ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɢɡɭɱɟɧ ɤɨɦɩɥɟɤɫ 
ɄɌ CdTe/ɆɉɄ-ɐɌȺȻ ɫ β-ɰɢɤɥɨɞɟɤɫɬɪɢɧɨɦ (β-ɐȾ) ɢ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɚɪɚɨɤɫɨɧɨɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫ 
ɄɌ CdTe-MɉɄ-ɐɌȺȻ, ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɣ β-ɐȾ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧ ɜ ɤɚɱɟɫɬɜɟ ɞɟɬɟɤɬɨɪɚ ɪɚɡɥɨɠɟɧɢɹ 
ɮɨɫɮɨɪɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

The five-layer polyelectrolyte capsules for stabilization of CdSe quantum dots (QDs) in the shell of chitosan were formed. 

It was shown that polymer-stabilized QDs have high water solubility and extended release. The concentration effect of CTAB 

on the surfactant layer deposition on QDs CdTe coated with mercaptopropionic acid (MPA) was established. By using 

fluorescence, the complex of QDs CdTe/MPA-CTAB with β-cyclodextrin (β-CD) and its interaction with paraoxon were 

studied. Also, it was established that the complex of QDs CdTe/MPA-CTAB functionalized by β-CD can be proposed as 

sensor for decomposition of organophosphorus compounds. 

 
Ʌɸɦɢɧɟɫɰɟɧɬɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɧɚɧɨɤɪɢɫɬɚɥɥɵ ɢɥɢ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɤɜɚɧɬɨɜɵɟ 

ɬɨɱɤɢ» (ɄɌ), ɛɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ ɫɬɚɥɢ ɨɛɴɟɤɬɨɦ ɦɧɨɝɢɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [1]. 
ɂɡ-ɡɚ ɜɵɫɨɤɨɣ ɮɨɬɨɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɛɨɪɚ ɞɢɚɩɚɡɨɧɚ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɡɚ ɫɱѐɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɧɬɟɡɚ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɟɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ 
ɨɪɝɚɧɢɱɟɫɤɢɦ ɮɥɭɨɪɨɮɨɪɚɦ. Ʌɸɦɢɧɟɫɰɟɧɬɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɧɚɧɨɤɪɢɫɬɚɥɥɵ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɛɢɨɞɢɚɝɧɨɫɬɢɤɟ ɢ ɛɢɨɜɢɡɭɚɥɢɡɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɫɟɧɫɨɪɨɜ ɞɥɹ 
ɳɟɥɨɱɧɨɣ ɮɨɫɮɚɬɚɡɵ [2] ɢɥɢ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɨɪɚɠɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɤɥɟɬɨɤ ɜ ɨɪɝɚɧɢɡɦɟ 
ɱɟɥɨɜɟɤɚ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɄɌ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɰɟɥɹɯ ɨɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 
ɱɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɨɧɢ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɦ ɹɞɪɟ ɢɨɧɵ ɬɹɠɟɥɵɯ ɢ ɬɨɤɫɢɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɜɨ-ɜɬɨɪɵɯ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɢɯ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɪɵɬɚ ɝɢɞɪɨɮɨɛɧɵɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɥɢɝɚɧɞɚɦɢ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ ɢɯ 
ɧɢɡɤɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ ɢ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞɚɯ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 
ɪɚɫɲɢɪɟɧɢɹ ɫɮɟɪɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɄɌ ɦɨɠɟɬ ɫɬɚɬɶ ɫɢɧɬɟɡ ɄɌ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 
ɩɨɥɢɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɫɬɚɛɢɥɢɡɚɰɢɹ ɄɌ ɦɢɰɟɥɥɹɪɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ 
ɜɟɳɟɫɬɜ (ɉȺȼ) ɢɥɢ ɜɤɥɸɱɟɧɢɟ ɄɌ ɜ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɟ ɤɚɩɫɭɥɵ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
ɛɥɨɤɨɜ: 1) ɫɢɧɬɟɡ ɄɌ ɜ ɨɛɨɥɨɱɤɟ ɩɨɥɢɦɟɪɚ ɢ ɫɨɡɞɚɧɢɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɯ ɤɚɩɫɭɥ ɧɚ ɢɯ ɨɫɧɨɜɟ; 2) 
ɫɬɚɛɢɥɢɡɚɰɢɹ ɄɌ ɦɨɥɟɤɭɥɚɦɢ ɉȺȼ ɢ ɫɨɡɞɚɧɢɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɛɢɨɫɟɧɫɨɪɚ ɞɥɹ ɳɟɥɨɱɧɨɣ ɮɨɫɮɨɬɚɡɵ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚɲɟɣ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɄɌ ɫɟɥɟɧɢɞɚ ɤɚɞɦɢɹ CdSe ɜ ɜɨɞɧɨɦ 
ɪɚɫɬɜɨɪɟ ɯɢɬɨɡɚɧɚ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. Ɉɰɟɧɤɚ ɬɨɤɫɢɱɧɨɫɬɢ ɄɌ CdSe ɜ ɨɛɨɥɨɱɤɟ ɯɢɬɨɡɚɧɚ ɧɚ ɦɵɲɚɯ ɩɨɤɚɡɚɥɚ, ɱɬɨ 
ɨɧɢ ɧɟ ɨɛɥɚɞɚɸɬ ɬɨɤɫɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɨɬɧɨɫɹɬɫɹ ɤ IV ɤɥɚɫɫɭ ɬɨɤɫɢɱɧɨɫɬɢ (ɦɚɥɨɬɨɤɫɢɱɧɵɟ 
ɜɟɳɟɫɬɜɚ). ɇɚ ɨɫɧɨɜɟ ɄɌ CdSe ɜ ɨɛɨɥɨɱɤɟ ɯɢɬɨɡɚɧɚ ɦɟɬɨɞɨɦ ɩɨɫɥɨɣɧɨɝɨ ɧɚɧɟɫɟɧɢɹ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɡɚɪɹɠɟɧɧɵɯ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ (ɩɨɥɢɚɤɪɢɥɨɜɚɹ ɤɢɫɥɨɬɚ ɢ ɯɢɬɨɡɚɧ) ɩɨɥɭɱɟɧɵ 
ɩɹɬɢɫɥɨɣɧɵɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɟ ɤɚɩɫɭɥɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɟ ɩɨɥɢɦɟɪɚɦɢ ɄɌ 
ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɵɦ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ. ɉɪɨɜɟɞɟɧɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɤɪɵɜɚɸɬ ɩɟɪɫɩɟɤɬɢɜɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɄɌ ɜ ɤɚɱɟɫɬɜɟ 
ɮɥɭɨɪɟɫɰɢɪɭɸɳɢɯ ɦɚɪɤɟɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ 
ɝɥɭɛɨɤɨɡɚɥɟɝɚɸɳɢɯ ɬɤɚɧɟɣ, ɬɟɦ ɫɚɦɵɦ ɡɚɪɚɧɟɟ ɞɢɚɝɧɨɫɬɢɪɭɹ ɪɚɡɥɢɱɧɵɟ ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ 
ɡɚɛɨɥɟɜɚɧɢɹ. 
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ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɞɥɹ ɫɢɧɬɟɡɚ ɄɌ CdTe ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɜ ɤɚɱɟɫɬɜɟ ɝɢɞɪɨɮɢɥɶɧɨɝɨ 
ɥɢɝɚɧɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɪɤɚɩɬɨɩɪɨɩɢɨɧɨɜɭɸ ɤɢɫɥɨɬɭ (ɆɉɄ), ɦɨɥɟɤɭɥɵ ɤɨɬɨɪɨɣ ɩɨɤɪɵɜɚɸɬ 
ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɭɸɳɢɯɫɹ ɄɌ. Ɇɟɪɤɚɩɬɨɝɪɭɩɩɚ ɆɉɄ ɩɪɢ ɷɬɨɦ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ 
ɚɬɨɦɚɦɢ ɤɚɞɦɢɹ, ɚ ɤɚɪɛɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ. Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɵɟ 
ɄɌ CdTe/ɆɉɄ ɛɵɥɢ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɵ ɉȺȼ – ɰɟɬɢɥɬɪɢɦɟɬɢɥɚɦɦɨɧɢɣ ɛɪɨɦɢɞɨɦ (ɐɌȺȻ). 
Ɇɟɬɨɞɨɦ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɞɢɚɩɚɡɨɧɵ ɐɌȺȻ, ɩɪɢ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɹɦɵɯ ɢ 
ɨɛɪɚɬɧɵɯ ɦɢɰɟɥɥ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɧɚɧɟɫɟɧɢɟ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɥɨɹ ɉȺȼ. Ⱦɚɥɟɟ, 
ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɥɟɤɫɚ ɄɌ CdTe/ɆɉɄ – ɐɌȺȻ c ȕ-ɰɢɤɥɨɞɟɤɫɬɪɢɧɨɦ (ȕ-ɐȾ). 
ɉɨɥɭɱɟɧɧɵɣ ɤɨɦɩɥɟɤɫ ɄɌ CdTe/ɆɉɄ – ɐɌȺȻ, ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɣ ȕ-ɐȾ, ɢɫɫɥɟɞɨɜɚɥɫɹ ɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɚɪɚɨɤɫɨɧɨɦ (ɩɪɨɰɟɫɫ ɳɟɥɨɱɧɨɝɨ ɝɢɞɪɨɥɢɡɚ). ɉɪɨɰɟɫɫ 
ɝɢɞɪɨɥɢɡɚ ɩɚɪɚɨɤɫɨɧɚ ɞɨ ɩ-ɧɢɬɪɨɮɟɧɨɥɚ ɪɟɝɢɫɬɪɢɪɨɜɚɥɫɹ ɧɟ ɬɨɥɶɤɨ ɩɨɥɧɵɦ ɩɚɞɟɧɢɟɦ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɤɨɦɩɥɟɤɫɚ, ɧɨ ɢ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɜɵɩɚɞɟɧɢɟɦ ɨɫɚɞɤɚ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟɦ 
ɰɜɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɪɚɫɬɜɨɪɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫ ɄɌ CdTe/MPɄ-ɐɌȺȻ, 
ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɣ ȕ-ɐȾ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧ ɜ ɤɚɱɟɫɬɜɟ ɞɟɬɟɤɬɨɪɚ ɪɚɡɥɨɠɟɧɢɹ 
ɮɨɫɮɨɪɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɢ ɛɨɥɟɟ ɬɨɝɨ, ɷɬɨɬ ɤɨɦɩɥɟɤɫ ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɜɚɬɶ ɩɪɨɞɭɤɬɵ 
ɝɢɞɪɨɥɢɡɚ ɪɚɡɥɨɠɟɧɢɹ ɞɚɠɟ ɧɟɜɨɨɪɭɠɟɧɧɵɦ ɝɥɚɡɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɄɌ ɜ 
ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ – ɯɢɬɨɡɚɧɚ, 
ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɹɬɢɫɥɨɣɧɵɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɵɟ ɤɚɩɫɭɥɵ ɧɚ ɨɫɧɨɜɟ ɄɌ CdSe/ɯɢɬɨɡɚɧ, ɚ ɬɚɤɠɟ 
ɫɨɡɞɚɧ ɛɢɨɫɟɧɫɨɪ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɤɫɚ ɄɌ CdTe/ɆɉɄ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɉȺȼ ɐɌȺȻ ɢ 
ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ȕ-ɐȾ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
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ɂɫɫɥɟɞɨɜɚɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɞɨɞɟɤɚɧ, ɷɬɢɥɛɟɧɡɨɥ) (RH) ɢ ɪɚɡɥɨɠɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɜ ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɪɢ ɞɨɛɚɜɤɚɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢ ɬɜɟɪɞɵɯ 
ɦɢɤɪɨɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɭɸ ɫɪɟɞɭ.  

We studied laws of oxidation of hydrocarbons (dodecan, ethylbenzene) (RH) and decomposition of hydrocarbons in 

microheterogeneous systems which are formed in addition of surfactants and solid microdisperse systems intohdyrocarbon 

medium. 

 

ɍɫɬɚɧɨɜɥɟɧɨ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɟ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɉȺȼ ɧɚ ɦɟɯɚɧɢɡɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ. 
ɂɨɧɨɝɟɧɧɵɟ ɦɢɰɟɥɨɨɛɪɚɡɭɸɳɢɟ ɉȺȼ, ɜɤɥɸɱɚɸɳɢɟ ɥɢɧɟɣɧɵɣ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɮɪɚɝɦɟɧɬ, 
ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɭɫɤɨɪɹɸɬ ɪɚɡɥɨɠɟɧɢɟ ROOH, ɬɨɝɞɚ ɤɚɤ ɪɚɫɬɜɨɪɢɦɵɟ ɜ RH ɧɟɢɨɧɨɝɟɧɧɵɟ ɉȺȼ ɢ 
ɬɜɟɪɞɵɟ ɨɤɫɢɞɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. Ⱦɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɤɢɧɟɬɢɱɟɫɤɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɪɚɡɥɨɠɟɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɧɢɨɧɧɵɯ ɚɥɤɢɥɫɭɥɶɮɚɬɨɜ ɢ ɤɚɬɢɨɧ-
ɧɨɝɨ ɐɌȺȻ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɭɫɤɨɪɹɸɳɟɟ ɞɟɣɫɬɜɢɟ ɉȺȼ ɫɜɹɡɚɧɨ ɫ ɢɯ ɤɨɥɥɨɢɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɚ 
ɢɦɟɧɧɨ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɜɦɟɫɬɧɵɯ ɚɝɪɟɝɚɬɨɜ ɬɢɩɚ ɨɛɪɚɳɟɧɧɵɯ ɦɢɰɟɥɥ, ɜ ɤɨɬɨɪɵɯ ɨɛɥɟɝɱɚɟɬɫɹ 
ɪɚɫɩɚɞ ɩɟɪɨɤɫɢɞɧɨɣ ɫɜɹɡɢ.  

ɋ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɫɬɚɛɢɥɢɡɚɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɞɟɫɬɪɭɤɰɢɢ ɢɫɫɥɟɞɨɜɚɧɵ ɤɢɧɟɬɢɤɚ ɢ ɦɟɯɚɧɢɡɦ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ 
(ɞɨɞɟɤɚɧ, ɷɬɢɥɛɟɧɡɨɥ) ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɦɢɰɟɥɥɨɨɛɪɚɡɭɸɳɢɯ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɵɯ ɢɨɧɨɝɟɧɧɵɯ 
ɉȺȼ -  ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ (ȾȾɋ), ɰɟɬɢɥɬɪɢɦɟɬɢɥɚɦɦɨɧɢɣ ɛɪɨɦɢɞ (ɐɌȺȻ) [1].  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ȾȾɋ ɢ ɐɌȺȻ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɥɢɹɸɬ ɧɚ   ɤɢɧɟɬɢɤɭ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɟɪɨɤɫɢɞɧɵɯ ɫɜɹɡɟɣ (ROOH). ȼ ɫɥɭɱɚɟ ɞɨɞɟɤɚɧɚ (140 0ɋ) ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɧɚɤɨɩɥɟɧɢɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ, ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɰɟɧɬɪɚɰɢɢ [ROOH]max ɢ ɜɪɟɦɟɧɢ ɟɟ 
ɞɨɫɬɢɠɟɧɢɹ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉȺȼ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɪɚɫɯɨɞɨɜɚɧɢɹ ROOH. 
Ɉɱɟɜɢɞɧɨ, ɜ ɚɝɪɟɝɚɬɚɯ ROOH-ɉȺȼ ɬɢɩɚ ɫɦɟɲɚɧɧɵɯ ɨɛɪɚɳɟɧɧɵɯ ɦɢɰɟɥɥ ɩɪɨɢɫɯɨɞɢɬ ɭɫɤɨɪɟɧɧɨɟ 
ɪɚɡɥɨɠɟɧɢɟ ROOH c ɛɨɥɟɟ ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɩɚɞɨɦ 
ROOH ɜ ɨɬɫɭɬɫɬɜɢɟ ɉȺȼ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɞɥɟɧɢɸ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ. 

ɉɪɢ ɨɤɢɫɥɟɧɢɢ ɷɬɢɥɛɟɧɡɨɥɚ ɫ ɞɨɛɚɜɤɚɦɢ ɉȺȼ ɜ ɫɥɭɱɚɟ ɐɌȺȻ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɤɨɩɥɟɧɢɹ ROOH, ɛɵɫɬɪɨɟ ɞɨɫɬɢɠɟɧɢɟ [ROOH]max, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɟɟ ɨɛ 
ɭɫɤɨɪɟɧɢɢ ɪɚɫɩɚɞɚ ROOH c ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. ɗɮɮɟɤɬɢɜɧɚɹ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ 
ɪɚɫɩɚɞɚ ROOH ɜ ɩɪɢɫɭɬɫɬɜɢɢ 10 ɦɆ ɐɌȺȻ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 52,1 ɤȾɠ/ɦɨɥɶ [2-4]. 

Ⱦɨɛɚɜɤɢ ȾȾɋ (10ɦɆ) ɜ ɨɤɢɫɥɹɸɳɢɣɫɹ ɷɬɢɥɛɟɧɡɨɥ (120 0C) ɩɪɢɜɨɞɢɬ ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦɭ 
ɬɨɪɦɨɠɟɧɢɸ ɩɪɨɰɟɫɫɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ȾȾɋ ɝɢɞɪɨɩɟɪɨɤɫɢɞ α-ɮɟɧɢɥɷɬɢɥɚ 
ɝɟɬɟɪɨɥɢɬɢɱɟɫɤɢ ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɮɟɧɨɥ ɢ ɚɰɟɬɚɥɶɞɟɝɢɞ.  

Ɉɛɪɚɡɨɜɚɧɢɢɟ ɮɟɧɨɥɚ - ɫɥɚɛɨɝɨ ɢɧɝɢɛɢɬɨɪɚ ɚɧɬɢɪɚɞɢɤɚɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ – ɜ ɫɨɱɟɬɚɧɢɢ ɫ ȾȾɋ 
– ɫ ɷɮɮɟɤɬɢɜɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɛɟɡɪɚɞɢɤɚɥɶɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɜ 
ɷɬɢɥɛɟɧɡɨɥɟ ɷɮɮɟɤɬɢɜɧɨɣ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ (ɚɜɬɨɫɢɧɟɪɝɢɡɦ). 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɜɟɥɢɱɢɬɶ ɫɬɚɛɢɥɢɡɚɰɢɸ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉȺȼ.     

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɞɜɢɧɭɬɚ ɝɢɩɨɬɟɡɚ ɨ ɫɯɨɞɧɨɦ ɫɬɪɨɟɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 
ɦɢɤɪɨɪɟɚɤɬɨɪɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ RH ɢ ROOH ɜ ɨɛɪɚɳɟɧɧɵɯ ɦɢɰɟɥɥɚɯ-ɦɢɤɪɨɷɦɭɥɶɫɢɹɯ 
ɢɨɧɨɝɟɧɧɵɯ ɉȺȼ ɢ ɜ ɦɢɤɪɨɩɨɪɚɯ ɰɟɨɥɢɬɨɜ, ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɨɛɴɟɦɧɨɝɨ 
ɮɚɤɬɨɪɚ, ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɩɫɟɜɞɨɮɚɡ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɩɪɟɜɪɚɳɟɧɢɢ. 
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ɂɡɭɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɫɦɟɫɟɣ ɧɟɢɨɧɧɨɝɨ ɉȺȼ ɬɢɩɚ ɚɥɤɢɥɩɨɥɢɝɥɸɤɨɡɢɞɨɜ ɢ ɚɧɢɨɧɧɨɝɨ ɉȺȼ ɧɚ 

ɪɚɡɥɢɱɧɵɯ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɮɚɡ. Ɋɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɫɦɟɲɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɢ ɨɩɪɟɞɟɥɟɧ 
ɫɨɫɬɚɜ ɦɢɰɟɥɥ. ȼɵɹɜɥɟɧɨ ɹɜɥɟɧɢɟ ɫɢɧɟɪɝɢɡɦɚ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɦɟɫɹɯ ɉȺȼ. 

The behavior of nonionic (APG type) and anionic surfactants mixtures at different phase boundaries has been 

investigated. The interaction parameters in surfactant mixtures have been calculated, the compositions of mixed micelles 

have been determined. The synergistic behavior during micellization in involved surfactant mixtures was observed.  

 
ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɫɜɨɣɫɬɜ ɦɧɨɝɢɟ ɫɦɟɫɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ 

(ɉȺȼ) ɢɦɟɸɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɱɬɨ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɯ ɲɢɪɨɤɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɢ ɦɟɞɢɰɢɧɫɤɢɯ 
ɩɪɟɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɦɨɸɳɢɯ, ɨɱɢɳɚɸɳɢɯ ɢ ɤɨɫɦɟɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ [1-3]. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, 
ɱɬɨ ɫɨɱɟɬɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɉȺȼ ɱɚɫɬɨ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɫɜɨɣɫɬɜɚ 
ɢɬɨɝɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɉȺȼ. ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ 
ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɜɟɞɟɧɢɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɉȺȼ ɧɚ ɝɪɚɧɢɰɟ ɜɨɞɧɵɣ 
ɪɚɫɬɜɨɪ-ɜɨɡɞɭɯ ɢ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ-ɦɚɫɥɨ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɫɦɟɫɢ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɉȺȼ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɢ 
ɦɟɠɮɚɡɧɨɟ ɧɚɬɹɠɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɨɬ 10-5 ɞɨ 10-1 

ɦɨɥɶ/ɥ), ɫɨɞɟɪɠɚɳɢɟ ɧɟɢɨɧɨɝɟɧɧɨɟ ɉȺȼ ɤɚɩɪɢɥɢɥ/ɤɚɩɪɢɥ ɝɥɸɤɨɡɢɞ (ɇɉȺȼ) ɢ ɚɧɢɨɧɧɨɟ ɉȺȼ 
ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ (ȺɉȺȼ) ɩɪɢ ɦɨɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɤɨɦɩɨɧɟɧɬɨɜ: 1/10, 1/5, 1/1, 5/1 ɢ 
10/1. ȼ ɤɚɱɟɫɬɜɟ ɦɚɫɥɹɧɨɣ ɮɚɡɵ ɛɵɥɨ ɜɵɛɪɚɧɨ ɩɨɥɹɪɧɨɟ ɦɚɫɥɨ ɤɚɩɪɢɥɢɤ/ɤɚɩɪɢɤ ɬɪɢɝɥɢɰɟɪɢɞ, 
ɤɨɬɨɪɨɟ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɪɹɦɵɯ ɷɦɭɥɶɫɢɣ. ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɢ ɦɟɠɮɚɡɧɨɟ ɧɚɬɹɠɟɧɢɟ 
ɪɚɫɬɜɨɪɨɜ ɉȺȼ ɢɡɦɟɪɹɥɢ ɦɟɬɨɞɨɦ ɜɢɫɹɳɟɣ ɤɚɩɥɢ ɧɚ ɬɟɧɡɢɨɦɟɬɪɟ DSA 20E KRUSS. ȼɫɟ 
ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 23±0.5 °ɋ. 

 ɋɨɫɬɚɜ ɦɢɰɟɥɥ ɢ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɨɥɟɤɭɥ ɉȺȼ ɜ ɫɦɟɲɚɧɧɵɯ ɦɢɰɟɥɥɚɯ ɨɰɟɧɢɜɚɥɢ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ Ɋɭɛɢɧɚ [1]: 
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ɝɞɟ m
X1  ɢ (1- m

X1 ) -  ɦɨɥɶɧɚɹ ɞɨɥɹ 1-ɝɨ (ɇɉȺȼ) ɢ 2-ɝɨ (ȺɉȺȼ) ɉȺȼ ɜ ɦɢɰɟɥɥɟ; α1 ɢ (1- α1) – 

ɦɨɥɶɧɵɟ ɞɨɥɢ 1-ɝɨ ɢ 2-ɝɨ ɉȺȼ ɜ ɫɦɟɫɢ; ɋ12 - ɤɪɢɬɢɱɟɫɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ 
(ɄɄɆ) ɫɦɟɫɢ; ɋ1, ɋ2 –  ɄɄɆ 1-ɝɨ ɢ 2-ɝɨ ɉȺȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; βm – ɩɚɪɚɦɟɬɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɉȺȼ 
ɜ ɫɦɟɲɚɧɧɵɯ ɦɢɰɟɥɥɚɯ. 
 

Ɂɧɚɱɟɧɢɹ ɄɄɆ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɉȺȼ ɢ ɢɯ ɫɦɟɫɟɣ ɨɩɪɟɞɟɥɹɥɢ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɞɥɹ 
ɜɫɟɯ ɉȺȼ – ɤɚɤ ɤɨɧɰɟɧɬɪɚɰɢɸ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɢɡɥɨɦɭ ɧɚ ɢɡɨɬɟɪɦɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
(ɦɟɠɮɚɡɧɨɝɨ) ɧɚɬɹɠɟɧɢɹ, ɩɨɫɬɪɨɟɧɧɨɣ ɜ ɤɨɨɪɞɢɧɚɬɚɯ σ ‒ lnC. ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɦɟɲɚɧɧɨɝɨ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɇɉȺȼ/ȺɉȺȼ ɜ 
ɫɨɨɬɧɨɲɟɧɢɹɯ 1/10, 1/5, 1/1, 5/1, 10/1. 

 
 

mailto:dremuk-alena@mail.ru
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Ɍɚɛɥɢɰɚ 1 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɦɟɲɚɧɧɨɝɨ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɛɢɧɚɪɧɵɯ ɫɦɟɫɹɯ ɉȺȼ 

ɋɦɟɫɶ 
ɇɉȺȼ/ȺɉȺȼ 

α1 ɄɄɆɫɦ. ɋ12, ɦɦɨɥɶ/ɥ   
  ɪɚɫɬɜɨɪ-

ɜɨɡɞɭɯ 
ɪɚɫɬɜɨɪ-

ɦɚɫɥɨ 
ɪɚɫɬɜɨɪ-
ɜɨɡɞɭɯ 

ɪɚɫɬɜɨɪ-
ɦɚɫɥɨ 

ɪɚɫɬɜɨɪ-
ɜɨɡɞɭɯ 

ɪɚɫɬɜɨɪ-
ɦɚɫɥɨ 

0 / 1 0 10,0 10,0 0 0 - - 

1 / 10 0,091 6,0 4,5 0,295 0,348 -2,94 -3,84 

1 / 5 0,167 5,5 3,5 0,355 0,411 -2,72 -4,16 

1 / 1 0,500 5,0 3,0 0,525 0,544 -2,30 -3,75 

5 / 1 0,833 4,8 2,5 0,679 0,649 -2,97 -5,06 

10 / 1 0,909 5,5 4,0 0,749 0,750 -2,87 -3,42 

1 / 0 1 8,0 6,0 1 1 - - 

 
ɇɚ ɝɪɚɧɢɰɟ ɫ ɦɚɫɥɨɦ ɞɥɹ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɦɟɠɮɚɡɧɨɟ ɧɚɬɹɠɟɧɢɟ 

ɜɵɯɨɞɢɬ ɧɚ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɦɟɧɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɉȺȼ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 
ɜɥɢɹɧɢɟɦ ɤɚɩɪɢɥɢɤ/ɤɚɩɪɢɤ ɬɪɢɝɥɢɰɟɪɢɞɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɟɞɦɢɰɟɥɥɹɪɧɵɯ ɚɝɪɟɝɚɬɨɜ ɢ ɦɢɰɟɥɥ ɜ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɦɚɫɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉȺȼ ɩɨɜɵɲɚɟɬɫɹ, ɱɬɨ ɢɧɢɰɢɢɪɭɟɬ 
ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɟ. Ⱦɥɹ ɜɫɟɯ ɫɢɫɬɟɦ ɩɨɥɭɱɟɧɵ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɬɹɠɟɧɢɢ ɪɚɡɧɨɬɢɩɧɵɯ ɦɨɥɟɤɭɥ ɉȺȼ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɫɦɟɲɚɧɧɵɯ ɦɢɰɟɥɥ. 
Ⱦɨɛɚɜɥɟɧɢɟ ɇɉȺȼ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɜɥɟɱɟɧɢɸ ȺɉȺȼ ɜ ɦɢɰɟɥɥɵ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ 
ɜɡɚɢɦɧɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ ɨɞɧɨɢɦɟɧɧɨ ɡɚɪɹɠɟɧɧɵɯ ɝɪɭɩɩ ɢ ɭɦɟɧɶɲɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɚ. ɉɪɢ ɜɧɟɞɪɟɧɢɢ ɦɨɥɟɤɭɥ ɇɉȺȼ ɦɟɠɞɭ ɢɨɧɚɦɢ ȺɉȺȼ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɢɦɟɸɬ 
ɦɟɫɬɨ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɫ ɚɬɨɦɚɦɢ 
ɤɢɫɥɨɪɨɞɚ ɩɨɥɹɪɧɵɯ ɡɚɪɹɠɟɧɧɵɯ ɝɪɭɩɩ, ɱɬɨ ɫɧɢɠɚɟɬ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɨɬɬɚɥɤɢɜɚɧɢɟ. Ⱦɥɹ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɦɟɫɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 
ɧɚɣɞɟɧɧɵɟ ɩɨ ɞɚɧɧɵɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɢ ɦɟɠɮɚɡɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɫɬɜɨɪ-ɦɚɫɥɨ, 
ɛɨɥɶɲɟ ɩɨ ɚɛɫɨɥɸɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɧɚɣɞɟɧɧɵɯ ɩɨ ɞɚɧɧɵɦ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨ ɚɛɫɨɥɸɬɧɨɣ 
ɜɟɥɢɱɢɧɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɦɟɫɢ ɇɉȺȼ/ȺɉȺȼ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 5/1.  

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Holland P.M., Rubingh D.N. Nonideal multlcomponent mixed micelle model // J. Phys. Chem. -1983. - V. 87. № 11. - 
P. 1984 – 1190. 

2. Li F., Rosen M. J., Sulthana S. B. Surface properties of cationic gemini surfactants and their interaction with 
alkylglucoside or -maltoside surfactants // Langmuir. - 2001. - V. 17. № 4. - P. 1037-1042.  

3. Ghosh S., Moulik S.P. Interfacial and micellization behaviors of binary and ternary mixtures of amphiphiles (Tween-
20, Brij-35, and Sodium Dodecyl Sulfate) in aqueous medium // J. Colloid Interface Sci. - 1998. - V. 208. № 2. - P. 357-366. 
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ɍȾɄ 541.138 

 
ȼɅɂəɇɂȿ ɌȿɆɉȿɊȺɌɍɊɕ ɇȺ ɗɅȿɄɌɊɈɏɂɆɂɑȿɋɄɍɘ ȺɄɌɂȼɇɈɋɌɖ  

(TiCr1,8)80V20 ɢ (TiCr1,8)80V20+Zr7Ni10 ɋɉɅȺȼɈȼ ȼ ɊȿȺɄɐɂɂ ȼɕȾȿɅȿɇɂə ȼɈȾɈɊɈȾȺ 

 

Ɇ.ȼ. ȿɪɠɟɧɤɨɜ1, Ⱥ.Ⱥ. Ɇɢɪɨɧɨɜɚ1, ɇ.Ⱥ. Ɇɟɞɜɟɞɟɜɚ1, ɇ.ȿ. ɋɤɪɹɛɢɧɚ1, D. Fruchart2 
1ɉɟɪɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 614990, ɝ. ɉɟɪɦɶ, ɭɥ. Ȼɭɤɢɪɟɜɚ, 15. 
2ɂɧɫɬɢɬɭɬ ɇɟɟɥɹ (CNRS), Ɏɪɚɧɰɢɹ, 38042, Ƚɪɟɧɨɛɥɶ. 

e-mail: ErghenkovPSU@gmail.com  

 
ȼ ɪɚɛɨɬɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɨɛɚɜɤɢ Zr7Ni10 ɧɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ (TiCr1,8)80V20 ɜ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ. ɉɨɤɚɡɚɧɵ ɜɥɢɹɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɞɨɛɚɜɨɤ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɫɩɥɚɜɚ ɤ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɦɭ ɜɨɞɨɪɨɞɭ.     

The results of investigation of influence of temperature and alloying additive Zr7Ni10 on electrochemical activity of 

(TiCr1,8)80V20 alloy during hydrogen evolution reaction in alkaline medium are presented.  The influence of temperature and 

efficiency of using of special additives for increasing of catalytic properties of alloy to electrolytic hydrogen are showed. 

 
ɋɩɥɚɜɵ ɫɢɫɬɟɦɵ Ti-V-Cr ɨɬɧɨɫɹɬɫɹ ɤ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɚɤɨɩɢɬɟɥɟɣ ɜɨɞɨɪɨɞɚ. Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɞɚɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɨɬɧɨɫɢɬɫɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɩɨɥɭɱɟɧɢɸ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɨɪɨɞɚ (ɞɨ 3,8 ɦɚɫɫ.%), ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ 
ɫɤɨɪɨɫɬɶ  ɟɝɨ ɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɞɚɜɥɟɧɢɹɯ ɢ  ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɩɥɚɜɨɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜɨɡɦɨɠɧɨ ɜɜɟɞɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɞɨɛɚɜɨɤ, 
ɧɚɩɪɢɦɟɪ, LaNi5, Zr7Ni10 ɢ ɞɪ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɥɟɝɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ Zr7Ni10 ɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚ ɤɚɬɨɞɧɨɟ ɩɨɜɟɞɟɧɢɟ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ (TiCr1,8)80V20 ɜ ɨɞɧɨɦɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɟ KOH.  

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɞɜɭɯ 
ɤɨɦɩɨɡɢɰɢɣ (TiCr1,8)80V20 ɢ (TiCr1,8)80V20+Zr7Ni10 (ɤɨɥɢɱɟɫɬɜɨ ɜɜɟɞɟɧɧɨɝɨ Zr7Ni10 4 ɦɚɫɫ.%) 
ɦɟɬɨɞɨɦ ɞɭɝɨɜɨɣ ɩɥɚɜɤɢ ɜ ɥɚɛɨɪɚɬɨɪɢɢ CRETA (Grenoble, CNRS, France) ɢɡ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɱɢɫɬɨɬɨɣ 99,99 ɚɬ.%. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ 
ɹɱɟɣɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɬɟɧɰɢɨɫɬɚɬɚ  Ɋ-30I ɜ 1 Ɇ ɪɚɫɬɜɨɪɟ ɄɈɇ ɜ ɭɫɥɨɜɢɹɯ ɟɫɬɟɫɬɜɟɧɧɨɣ ɚɷɪɚɰɢɢ ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 298 ɞɨ 338 Ʉ ɫ ɲɚɝɨɦ 5 Ʉ. Ɋɟɝɢɫɬɪɚɰɢɸ ɤɚɬɨɞɧɵɯ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ 
(ɄɉɄ ɢɥɢ E=f(lgi)) ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨɬɟɧɰɢɨɞɢɧɚɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɡɜɟɪɬɤɢ ɩɨɬɟɧɰɢɚɥɚ 
2 ɦȼ/ɫ. ɋɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɨɦɩɨɡɢɰɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɦɭ 
ɜɨɞɨɪɨɞɭ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɨɫɧɨɜɟ ɤɚɬɨɞɧɵɯ ɤɪɢɜɵɯ E=f(lgi), ɩɨɥɭɱɟɧɧɵɯ ɜ ɨɛɥɚɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ 
ɬɟɦɩɟɪɚɬɭɪ.  

Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɞɨɛɚɜɤɢ Zr7Ni10 ɜ 
ɫɩɥɚɜɟ (TiCr1,8)80V20 ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɫɩɥɚɜɭ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298-338 Ʉ ɧɚ ɤɚɬɨɞɧɵɯ 
ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɞɥɹ ɫɩɥɚɜɚ (TiCr1,8)80V20 ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɢɧ ɩɪɨɬɹɠɟɧɧɵɣ ɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ, 
ɬɨɝɞɚ ɤɚɤ ɞɥɹ ɫɩɥɚɜɚ (TiCr1.8)80V20+Zr7Ni10 ɢɯ ɞɜɚ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɬɨɦ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɪɨɥɶ 
ɞɨɛɚɜɤɢ ɧɚ ɢɫɯɨɞɧɵɣ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɣ ɫɩɥɚɜ, ɞɚɥɟɟ ɛɭɞɟɦ ɫɪɚɜɧɢɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɪɟɡɭɥɶɬɚɬɵ 
ɩɟɪɜɨɝɨ ɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɞɥɹ (TiCr1,8)80V20 ɢ ɜɬɨɪɨɝɨ – ɞɥɹ (TiCr1,8)80V20+Zr7Ni10.   
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɚɬɨɞɧɵɟ ɤɪɢɜɵɟ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ, ɢ ɩɨɥɭɱɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ 
Ɍɚɮɟɥɹ  ɚɤ ɢ bɤ, η – ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ (η= ɚɤ ɩɪɢ ik=1 Ⱥ/ɫɦ2). Ɂɧɚɱɟɧɢɹ 
ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ bk ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (Ɋɢɫ. 1ɚ) ɨɛɭɫɥɨɜɥɟɧɵ ɚɞɫɨɪɛɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɢ ɤɚɬɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ, ɢ ɢɦɟɸɬ ɫɥɨɠɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ 
ɨɛɨɢɯ ɫɩɥɚɜɨɜ. Ɉɞɧɚɤɨ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɳɚɹ ɬɟɧɞɟɧɰɢɹ, ɤɨɬɨɪɚɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɜɟɥɢɱɟɧɢɢ 
ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ (Ɋȼȼ) ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɞɨɛɚɜɤɢ ɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɋɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ bk ɢ ɟɝɨ ɧɟ ɥɢɧɟɣɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɝɭɬ 
ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ ɫɬɚɞɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɞɢɮɮɭɡɢɢ ɧɟ ɹɜɥɹɟɬɫɹ ɥɢɦɢɬɢɪɭɸɳɟɣ. Ɍɚɤ ɞɥɹ ɫɩɥɚɜɚ 
(TiCr1,8)80V20+Zr7Ni10 ɧɚɥɢɱɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɞɢɮɮɭɡɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦ ɮɚɤɬɨɦ: 
ɪɚɡɪɹɞ ɦɨɥɟɤɭɥ ɜɨɞɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɇads ɦɨɠɟɬ ɛɵɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɧɚ ɡɟɪɧɚɯ ɨɞɧɨɣ 
ɮɚɡɵ (Zr7Ni10), ɚ ɨɛɪɚɡɨɜɚɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɞɨɪɨɞɚ – ɧɚ ɞɪɭɝɨɣ ɮɚɡɟ (TiCr1.8)80V20, ɩɨɷɬɨɦɭ 
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ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɛɭɞɭɬ ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɜɨɣ ɮɚɡɵ ɧɚ ɜɬɨɪɭɸ. 
Ⱦɚɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɪɚɧɟɟ ɦɟɯɚɧɢɡɦɨɦ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ 
[1] ɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɤɨɬɨɪɵɟ ɤɚɫɚɸɬɫɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɨɜ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɦɚɬɟɪɢɚɥɚ [2]. 
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Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɥɢɧɟɣɧɨɝɨ ɧɚɤɥɨɧɚ ɤɚɬɨɞɧɵɯ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ (ɚ) ɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ Ɋȼȼ (ɛ) ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɫɩɥɚɜɨɜ (TiCr1,8)80V20 () ɢ (TiCr1,8)80V20+Zr7Ni10 (▲) ɜ 1 Ɇ ɪɚɫɬɜɨɪɟ ɄɈɇ 

 
ɋɪɚɜɧɟɧɢɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ (η) ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɞɥɹ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ 

(TiCr1.8)80V20 ɞɨ ɢ ɩɨɫɥɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ Zr7Ni10 (Ɋɢɫ.1 ɛ) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɥɟɝɢɪɨɜɚɧɢɟ ɫɩɥɚɜɚ 
Zr7Ni10 ɩɪɢɜɨɞɢɬ ɤɚɤ ɤ ɤɚɱɟɫɬɜɟɧɧɨɦɭ, ɬɚɤ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ɍɚɤ, 
ɜɜɟɞɟɧɢɟ ɞɨɛɚɜɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɟ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɜɥɢɹɧɢɢ ɧɚ ɤɚɬɨɞɧɵɣ ɩɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ 
ɰɟɥɨɦ, ɧɟɫɭɳɟɫɬɜɟɧɧɨ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ Ɋȼȼ ɞɥɹ (TiCr1.8)80V20 
ɫɩɥɚɜɚ, ɢɫɤɥɸɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ 328 Ʉ. ȼɜɟɞɟɧɢɟ ɞɨɛɚɜɤɢ ɜ ɫɩɥɚɜ (TiCr1,8)80V20 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ η ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ.   
Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ, ɜ ɬɨɦ ɱɢɫɥɟ, 

ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɤɪɢɬɟɪɢɢ ɜɵɛɨɪɚ ɫɩɥɚɜɚ ɫ ɩɪɨɝɧɨɡɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɹɜɥɹɟɬɫɹ ɷɧɟɪɝɢɹ 
ɚɤɬɢɜɚɰɢɢ, ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɬɨɪɨɣ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
ȼɵɱɢɫɥɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ (ȿɚ) ɨɫɭɳɟɫɬɜɥɹɥɢ ɫɨɝɥɚɫɧɨ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ, 
ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ lgi0=f(1/T) ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɨɬɟɧɰɢɚɥɚ ɢ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɯ ɧɚɤɥɨɧɨɦ: , ɝɞɟ i0 – ɬɨɤ ɨɛɦɟɧɚ, Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ, R – ɝɚɡɨɜɚɹ 

ɩɨɫɬɨɹɧɧɚɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ: 
72,25 ɤȾɠ/ɦɨɥɶ ɢ 68,83 ɤȾɠ/ɦɨɥɶ ɞɥɹ ɫɩɥɚɜɚ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢ ɩɪɢɫɭɬɫɬɜɢɟɦ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ 
ɞɨɛɚɜɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɤɥɸɱɟɧɢɹ: ɜɨ-
ɩɟɪɜɵɯ, ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɢɧɟɬɢɱɟɫɤɢɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ. ȼɨ-ɜɬɨɪɵɯ, ɜɜɟɞɟɧɢɟ ɞɚɧɧɨɣ ɞɨɛɚɜɤɢ ɩɨɜɵɲɚɟɬ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ ɜ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 
(TiCr1,8)80V20 ɫɩɥɚɜɚ ɜ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɫɭɬɫɬɜɢɹ ɞɨɛɚɜɤɢ.  

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Ƚɨɥɨɜɢɧ ɉ.ȼ., Ɇɟɞɜɟɞɟɜɚ ɇ.Ⱥ., ɋɤɪɹɛɢɧɚ ɇ.ȿ. ɋɨɪɛɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɚ TixV1-x ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɜɨɞɨɪɨɞɭ // Ʉɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɫɪɟɞɵ ɢ ɦɟɠɮɚɡɧɵɟ ɝɪɚɧɢɰɵ. 2013. Ɍ. 15, №2. ɋ. 99-105. 

2. Skryabina N.E., Fruchart D., Medvedeva N.A., P. de Rango, Mironova A.A. Correlation between the Hydrogen 
Absorption Properties and the Vanadium Concentration of Ti-V-Cr Based Alloys // Solid State Phenomena. 2017. V.257. P. 
165-172. 
 



ȻɒɄɏ – 2017                                                                                                ɋɟɤɰɢɹ 3. Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ 

 222 

ɍȾɄ 544.431.3 

ɄȼȺɇɌɈȼɈɏɂɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ  
ɄɈɇɄɍɊɂɊɍɘɓɂɏ ɊȿȺɄɐɂɃ ɉɊɂɋɈȿȾɂɇȿɇɂə ɗɌɂɇɂȾ- ɂ ȿɇɈɅəɌ-ɂɈɇɈȼ  

Ʉ α,β-ɇȿɇȺɋɕɓȿɇɇɕɆ ɄȿɌɈɇȺɆ  

Ⱦ.ȼ. Ɂɚɧɤɨɜ1, ȼ.Ȼ. Ɉɪɟɥ 
1 ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɂɪɤɭɬɫɤ, Ʉɚɪɥɚ Ɇɚɪɤɫɚ, 1. 

e-mail: zankov95@mail.ru 

ȼ ɪɚɦɤɚɯ ɦɟɬɨɞɚ B3LYP/6-311++G**//B3LYP/6-31+G* ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɪɟɚɤɰɢɣ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɨɧɨɜ ɚɰɟɬɢɥɟɧɚ ɢ ɤɟɬɨɧɨɜ ɤ α,β-ɧɟɧɚɫɵɳɟɧɧɵɦ ɤɟɬɨɧɚɦ. Ɉɰɟɧɟɧɧɵɟ ɫɜɨɛɨɞɧɵɟ ɷɧɟɪɝɢɢ 
ɚɤɬɢɜɚɰɢɢ ɢ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɪɟɚɤɰɢɣ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɢɧɞɟɤɫɚɦɢ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ 
ɫɭɛɫɬɪɚɬɨɜ ɢ ɪɟɚɝɟɧɬɨɜ. 

In the framework of the B3LYP/6-311++G**//B3LYP/6-31+G* approach the competing reactions of the addition of 

carbanion of acetylene and carbanions of ketones to α,β-unsaturated ketones are studied. The estimated free activation 

energies and the reaction heats are compared to electrophilicity index of substrates and reagents. 

ɇɟɞɚɜɧɨ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɭɩɟɪɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɵ KOH/DMSO ɩɪɢ 
ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (90 ɋ) ɢɡ ɞɜɭɯ ɦɨɥɟɤɭɥ ɚɰɟɬɢɥɟɧɚ ɢ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɤɟɬɨɧɚ, 
ɫɨɞɟɪɠɚɳɟɣ ɨɛɴɟɦɧɵɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ, ɝɟɬɟɪɨɚɪɨɦɚɬɢɱɟɫɤɢɟ ɢ ɮɟɪɪɨɰɟɧɨɜɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɦɨɝɭɬ 
ɫ ɯɨɪɨɲɢɦɢ ɜɵɯɨɞɚɦɢ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɮɭɪɚɧɵ, ɫɨɩɪɹɠɟɧɧɵɟ ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ [1]. 
Ɉɞɧɢɦ ɢɡ ɬɢɩɢɱɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɟɬɨɧɨɜ ɡɚɦɵɤɚɸɳɢɯɫɹ ɜ ɮɭɪɚɧɵ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 
ɚɰɟɬɢɥɟɧɨɦ ɹɜɥɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, 2,4,6-ɬɪɢɦɟɬɢɥɮɟɧɢɥɦɟɬɢɥɤɟɬɨɧ (ɦɟɡɢɬɢɥɦɟɬɢɥɤɟɬɨɧ). ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɜ ɛɥɢɡɤɢɯ ɭɫɥɨɜɢɹɯ (KOH/DMSO, 70-80 ɋ) ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɚɰɟɬɢɥɟɧɨɦ ɞɢɚɥɤɢɥɤɟɬɨɧɨɜ ɢ 
ɚɥɤɢɥɚɪɢɥɤɟɬɨɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɟɧɟɟ ɨɛɴɟɦɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɩɪɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ, 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 1,5-ɞɢɤɟɬɨɧɨɜ ɢ ɞɚɥɟɟ ɛɢɰɢɤɥɨɨɤɬɚɧɨɜ [2], ɥɢɛɨ ɰɢɤɥɨɩɟɧɬɟɧɨɥɨɜ [2]. 

 
Ɋɢɫ.1. ɉɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɨɧɨɜ ɚɰɟɬɢɥɟɧɚ ɢ ɤɟɬɨɧɚ ɤ ,-ɧɟɧɚɫɵɳɟɧɧɵɦ ɤɟɬɨɧɚɦ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɪɟɚɤɰɢɢ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɨɧɚ ɚɰɟɬɢɥɟɧɚ ɢ ɚɰɟɬɨɧɚ ɩɨ ɞɜɨɣɧɨɣ ɋ=ɋ ɫɜɹɡɢ ,-ɧɟɧɚɫɵɳɟɧɧɵɯ 
ɤɟɬɨɧɨɜ ɢ ɜɵɹɜɥɟɧɢɟ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ B3LYP/6-
311++G** ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɟ ɢɧɞɟɤɫɵ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɂɊɋ): 
ɝɥɨɛɚɥɶɧɚɹ  ɢ ɥɨɤɚɥɶɧɚɹ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ , ɨɩɢɫɵɜɚɸɳɢɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ,-

ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɟɬɨɧɨɜ R1–(CO)–CR2=C–CH3, ɚ ɬɚɤɠɟ ɦɭɥɶɬɢɮɢɥɶɧɵɣ ɢɧɞɟɤɫ k [3], 
ɨɩɢɫɵɜɚɸɳɢɣ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɪɛɚɧɢɨɧɨɜ ɤɟɬɨɧɨɜ [R1–(CO)–C1R2]–. ɂɊɋ (ɬɚɛɥ. 1–2) 
ɨɩɪɟɞɟɥɟɧɵ ɫɨɝɥɚɫɧɨ [3]: μ = ½×[ ELUMO + EHOMO], η = ½×[ELUMO – EHOMO], ω = μ2/2η, ω+ = 

f C×, k = ω×[f +C1 – f –C1]. Ɏɭɧɤɰɢɢ Ɏɭɤɭɢ fk
+, fk

– (ɬɚɛɥ. 1–2) ɞɥɹ ɫɢɫɬɟɦɵ ɫ N 
ɷɥɟɤɬɪɨɧɚɦɢ ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ fk

+ = pk(N+1) – pk(N) ɢ fk
– = pk(N) – pk(N-1), ɝɞɟ pk ɷɥɟɤɬɪɨɧɧɚɹ 

ɡɚɫɟɥɟɧɧɨɫɬɶ (ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɫɯɟɦɟ ɏɢɪɲɮɟɥɶɞɚ) ɧɚ ɚɬɨɦɟ k ɞɥɹ ɫɢɫɬɟɦɵ ɫ N ɷɥɟɤɬɪɨɧɚɦɢ.  
Ⱦɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɦɨɞɟɥɶɧɵɯ ,-ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɟɬɨɧɨɜ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ B3LYP/6-

311++G**//B3LYP/6-31+G* ɫ ɭɱɟɬɨɦ ɫɨɥɶɜɚɬɚɰɢɨɧɧɵɯ ɷɮɮɟɤɬɨɜ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɞɟɥɢ 
ɩɨɥɹɪɢɡɭɟɦɨɝɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɨɧɬɢɧɭɭɦɚ PCM ɛɵɥɢ ɨɰɟɧɟɧɵ ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ 
ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɨɩ-1-ɟɧ-2-ɨɥɹɬ ɢɨɧɚ (G‡ (1), ɬɚɛɥ. 1) ɢ ɷɬɢɧɢɞ ɢɨɧɚ 
(G‡ (2), ɬɚɛɥ. 1) ɩɨ -ɩɨɥɨɠɟɧɢɸ ɞɜɨɣɧɨɣ ɫɜɹɡɢ. Ⱥɧɚɥɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ,-
ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɟɬɨɧɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɋα-ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ (R2) ɜɥɢɹɟɬ ɧɚ ɟɝɨ 
ɥɨɤɚɥɶɧɭɸ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ ( ɬɚɛɥ. 1), ɤɨɬɨɪɚɹ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɪɹɞɭ H > Ph > Alk. ɋɢɦɛɚɬɧɨ 
ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢ ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ G‡ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɟɧɨɥɹɬ-ɢɨɧɚ (ɬɚɛɥ. 1). 
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Ɍɚɛɥɢɰɚ 1 

ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (ɷȼ), ɠɟɫɬɤɨɫɬɶ (ɷȼ), ɝɥɨɛɚɥɶɧɚɹ  ɢ ɥɨɤɚɥɶɧɚɹ  ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ 
(ɷȼ), q ɡɚɪɹɞ ɧɚ C ɚɬɨɦɟ (e), ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɨɩ-1-ɟɧ-2-ɨɥɹɬ ɢɨɧɚ 
(G‡ (1), ɤɤɚɥ/ɦɨɥɶ) ɢ ɷɬɢɧɢɞ ɢɨɧɚ (G‡ (2), ɤɤɚɥ/ɦɨɥɶ) ɩɨ -ɩɨɥɨɠɟɧɢɸ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ,-

ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɟɬɨɧɨɜ R1–(CO)–CR2=C–CH3 
R1 R2     qC ×qC G‡ (1) G‡ (2)
Ph H -4,687 4,152 2,645 0,269 0,054 0,144 12,6 12,4 

Mes H -4,236 3,974 2,257 0,264 0,054 0,122 12,6 13,3 

2-Thienyl H -4,711 4,084 2,717 0,262 0,055 0,149 12,6 11,8 

2-Thienyl Ph -4,389 3,774 2,551 0,194 0,039 0,099 16,3 14,3 

Ph Ph -4,327 3,870 2,419 0,189 0,037 0,088 16,4 14,6 

2-Thienyl Me -4,493 4,037 2,500 0,186 0,028 0,071 15,2 16,1 

Ph CH(CH3)Ph -4,241 3,872 2,323 0,172 0,024 0,056 16,7 18,3 

 
ɉɨɥɭɱɟɧɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɛɚɪɶɟɪɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɩɪɨɩɟɧ-2-ɨɥɹɬ ɢɨɧɚ ɩɨ ɞɜɨɣɧɨɣ ɋ=ɋ ɫɜɹɡɢ ,-ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɟɬɨɧɨɜ ɨɬ ɢɧɞɟɤɫɚ ɥɨɤɚɥɶɧɨɣ 
ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2a. 

  
a b 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɛɚɪɶɟɪɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɨɩ-1-ɟɧ-2-ɨɥɹɬ ɢɨɧɚ ɤ  
,-ɧɟɧɚɫɵɳɟɧɧɵɦ ɤɟɬɨɧɚɦ (G‡ (1), ɤɤɚɥ/ɦɨɥɶ) ɨɬ ɢɧɞɟɤɫɚ ɥɨɤɚɥɶɧɨɣ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ   

ɧɚ C ɚɬɨɦɟ (a); ɡɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɛɚɪɶɟɪɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɷɬɢɧɢɞ-ɢɨɧɚ  
ɤ ,-ɧɟɧɚɫɵɳɟɧɧɵɦ ɤɟɬɨɧɚɦ (G‡ (2), ɤɤɚɥ/ɦɨɥɶ) ɨɬ ɢɧɞɟɤɫɚ ×qC (b) 

 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɧɞɟɤɫ ɥɨɤɚɥɶɧɨɣ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ (C ɦɟɧɟɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ (R2 = 
0,75) ɨɩɢɫɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɚɤɬɢɜɚɰɢɨɧɧɵɯ ɛɚɪɶɟɪɨɜ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɷɬɢɧɢɞ-ɢɨɧɚ ɩɨ ɞɜɨɣɧɨɣ 
ɋ=ɋ ɫɜɹɡɢ ,-ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɟɬɨɧɨɜ. ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɂɊɋ ɩɪɨɢɡɜɟɞɟɧɢɟ 
ɝɥɨɛɚɥɶɧɨɣ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ  ɧɚ ɡɚɪɹɞ Cɚɬɨɦɚ (×qC), ɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ 
ɛɚɪɶɟɪɚ ɨɬ ɬɚɤɨɝɨ ɢɧɞɟɤɫɚ ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɥɭɱɲɟ (Ɋɢɫ. 2b). 

ȼ ɪɚɦɤɚɯ ɬɨɝɨ ɠɟ ɦɟɬɨɞɚ (B3LYP/6-311++G**//B3LYP/6-31+G* + PCM) ɛɵɥɢ ɨɰɟɧɟɧɵ 
ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ ɦɨɞɟɥɶɧɵɯ ɪɟɚɤɰɢɣ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɨɧɨɜ 
ɤɟɬɨɧɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ ɩɨ ɞɜɨɣɧɨɣ ɋ=ɋ ɫɜɹɡɢ (E)-ɩɟɧɬ-3-ɟɧ-2-ɨɧɚ (G‡, ɬɚɛɥ. 2).  

ɇɭɤɥɟɨɮɢɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤɚɪɛɚɧɢɨɧɨɜ ɚɥɤɢɥ(ɝɟɬ)ɚɪɢɥɤɟɬɨɧɨɜ ɩɨ ɞɜɨɣɧɨɣ ɫɜɹɡɢ (E)-
ɩɟɧɬ-3-ɟɧ-2-ɨɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɧɟɫɤɨɥɶɤɨ ɛόɥɶɲɢɦɢ ɚɤɬɢɜɚɰɢɨɧɧɵɦɢ ɛɚɪɶɟɪɚɦɢ, ɱɟɦ 
ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɞɢɚɥɤɢɥɤɟɬɨɧɨɜ. ɋɜɨɛɨɞɧɵɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ (G‡, ɤɤɚɥ/ɦɨɥɶ) ɞɥɹ ɤɟɬɨɧɨɜ ɫ R2 
= H ɜɨɡɪɚɫɬɚɸɬ ɜ ɪɹɞɭ R1 = Me < Ph < 2-Thienyl < Mes. Ɉɤɚɡɚɥɨɫɶ ɬɚɤɠɟ, ɱɬɨ ɚɤɬɢɜɚɰɢɨɧɧɵɣ 
ɛɚɪɶɟɪ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɞɜɨɣɧɨɣ ɫɜɹɡɢ (E)-ɩɟɧɬ-3-ɟɧ-2-ɨɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ 
ɜɜɟɞɟɧɢɢ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ - ɢɥɢ -ɩɨɥɨɠɟɧɢɟ ɚɥɤɢɥɶɧɨɣ ɰɟɩɢ (ɬɚɛɥ. 2).Ⱥɧɚɥɢɡ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɪɛɚɧɢɨɧɨɜ ɤɟɬɨɧɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɚɤɬɢɜɚɰɢɨɧɧɵɣ ɛɚɪɶɟɪ ɪɚɫɬɟɬ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɦɭɥɶɬɢɮɢɥɶɧɨɝɨ ɢɧɞɟɤɫɚ k ɧɚ ɤɚɪɛɚɧɢɨɧɧɨɦ ɰɟɧɬɪɟ (ɬɚɛɥ. 2, ɪɢɫ 3a). Ʉɪɨɦɟ ɬɨɝɨ 
ɞɥɹ ɪɟɚɤɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɨɧɨɜ ɤɟɬɨɧɨɜ ɩɨ ɞɜɨɣɧɨɣ ɋ=ɋ ɫɜɹɡɢ (E)-ɩɟɧɬ-3-ɟɧ-2-ɨɧɚ 
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ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɬɭɥɚɬ ɏɟɦɦɨɧɞɚ, ɱɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɯɨɪɨɲɟɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɚɤɬɢɜɚɰɢɨɧɧɵɯ ɛɚɪɶɟɪɨɜ ɨɬ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ (ɬɚɛɥ.2, ɪɢɫ 3b) ɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 
ɪɟɚɝɢɪɭɸɳɢɦɢ ɰɟɧɬɪɚɦɢ R(C- C ɜ ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɬɚɛɥ.2).   

Ɍɚɛɥɢɰɚ 2. 
ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (ɷȼ), ɠɟɫɬɤɨɫɬɶ (ɷȼ), ɝɥɨɛɚɥɶɧɚɹ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ , 

ɦɭɥɶɬɢɮɢɥɶɧɵɣ ɢɧɞɟɤɫ k (ɷȼ), ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɟɚɝɢɪɭɸɳɢɦɢ ɰɟɧɬɪɚɦɢ R(C- C ɜ 
ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (Å), ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ (H, ɤɤɚɥ/ɦɨɥɶ) ɢ ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɨɧɨɜ ɤɟɬɨɧɨɜ (G‡, ɤɤɚɥ/ɦɨɥɶ) ɩɨ ɞɜɨɣɧɨɣ ɋ=ɋ ɫɜɹɡɢ (E)-ɩɟɧɬ-3-ɟɧ-2-ɨɧɚ 
R1 R2    k R (C- C H G‡

2-Thienyl Me 0,453 2,474 0,041 -0,0074 2,394 -4,0 13,8 

Ph H 0,363 2,529 0,026 -0,0063 2,559 -6,9 13,2 

2-Thienyl H 0,352 2,600 0,024 -0,0056 2,433 -4,7 14,3 

Mes H 0,246 2,472 0,012 -0,0031 2,358 -3,0 16,4 

Ph Ph 0,126 2,442 0,003 -0,0005 2,115 7,2 20,5 

Ph CH(CH3)Ph 0,099 2,406 0,002 -0,0004 2,282 1,9 20,6 

2-Thienyl Ph 0,114 2,470 0,003 -0,0004 2,071 8,4 20,7 

 

  
a b 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɛɚɪɶɟɪɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɪɛɚɧɢɧɨɜ ɤɟɬɨɧɨɜ  
ɤ (E)-ɩɟɧɬ-3-ɟɧ-2-ɨɧɚ (G‡, ɤɤɚɥ/ɦɨɥɶ) ɨɬ ɦɭɥɶɬɢɮɢɥɶɧɨɝɨ ɢɧɞɟɤɫɚ k ɧɚ ɤɚɪɛɚɧɢɨɧɧɨɦ  

ɰɟɧɬɪɟ (a) ɢ ɨɬ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ (H, ɤɤɚɥ/ɦɨɥɶ) 
 

ɋɨɝɥɚɫɧɨ ɨɰɟɧɤɚɦ ɚɤɬɢɜɚɰɢɨɧɧɵɯ ɛɚɪɶɟɪɨɜ (ɬɚɛɥ. 1–2) ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ 
ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɛɚɪɶɟɪɚ ɨɤɚɡɵɜɚɟɬ ɩɪɢɪɨɞɚ ɤɚɪɛɚɧɢɨɧɚ ɤɟɬɨɧɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɭɤɥɟɨɮɢɥɶɧɨɫɬɶ 
ɟɝɨ ɤɚɪɛɚɧɢɨɧɧɨɝɨ ɰɟɧɬɪɚ, ɤɨɬɨɪɚɹ ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɛɚɪɶɟɪɚ ɨɬ 
ɦɭɥɶɬɢɮɢɥɶɧɨɝɨ ɢɧɞɟɤɫɚ k. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ № 

4.1671.2017/ɉɑ ɢ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ № 15-03-03880 ɚ. 
Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɢɫɤɪɟɧɧɸɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ-ɪɭ ɯɢɦ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪɭ ɇɚɞɟɠɞɟ 

Ɇɨɢɫɟɟɜɧɟ ȼɢɬɤɨɜɫɤɨɣ ɢ ɞ-ɪɭ ɯɢɦ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪɭ ȼɥɚɞɢɦɢɪɭ Ȼɨɪɢɫɨɜɢɱɭ Ʉɨɛɵɱɟɜɭ ɡɚ 
ɜɧɢɦɚɬɟɥɶɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɢ ɪɚɡɜɢɬɢɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 
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ɂɫɫɥɟɞɨɜɚɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɟɞɧɨ-ɩɨɥɢɦɟɪɧɨɝɨ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-

ɫɨɱɟɬɚɧɢɹ ɮɟɧɢɥɚɰɟɬɢɥɟɧɚ. Ɇɟɞɧɨ-ɩɨɥɢɦɟɪɧɵɣ ɧɚɧɨɤɨɦɩɨɡɢɬ ɩɨɥɭɱɚɥɢ ɩɭɬɟɦ ɬɟɪɦɨɥɢɡɚ ɦɟɞɧɨɣ ɫɨɥɢ ɩɨɥɢ-5-

ɜɢɧɢɥɬɟɬɪɚɡɨɥɚ. 
The catalytic activity of copper-polymeric nanocomposite in the cross-coupling reaction of phenylacetylene. Copper-

polymeric nanocomposite was obtained by the thermolysis of copper salt of poly-5-vinyltetrazole. 

 

Ɉɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɬɪɨɣɧɵɦɢ ɤɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤɚɤ ɞɥɹ ɯɢɦɢɢ, ɬɚɤ ɢ ɞɥɹ ɛɢɨɥɨɝɢɢ, ɩɨɫɤɨɥɶɤɭ ɦɨɥɟɤɭɥɵ, ɜɤɥɸɱɚɸɳɢɟ ɬɪɨɣɧɭɸ 
ɫɜɹɡɶ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɫɢɧɬɟɡɚ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [1–3], ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɭɛɫɬɚɧɰɢɣ 
[4, 5], ɚ ɬɚɤɠɟ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɷɥɟɤɬɪɨɧɢɤɟ [6–8]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 
ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɬɟɪɦɢɧɚɥɶɧɵɯ ɚɥɤɢɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɚɡɥɢɱɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɧɚ ɨɫɧɨɜɟ ɫɨɥɟɣ ɩɚɥɥɚɞɢɹ ɢ ɡɨɥɨɬɚ. Ⱦɚɧɧɵɟ ɪɟɚɤɰɢɢ ɢɧɬɟɪɟɫɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɫɨɩɪɹɠɟɧɧɵɯ 1,3-ɞɢɢɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ (ɪɟɚɤɰɢɢ Ƚɥɚɡɟɪɚ, Ʉɚɞɢɨ-ɏɨɞɤɟɜɢɱɚ ɢ ɞɪ.), ɩɨɫɤɨɥɶɤɭ 
ɫɨɞɟɪɠɚɳɢɟ ɢɯ ɦɨɥɟɤɭɥɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɩɪɢ ɩɨɥɭɱɟɧɢɢ 
ɪɚɡɥɢɱɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɨɥɢɦɟɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ [9–11]. 

ɇɚɦɢ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɚɦɨɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ ɝɨɪɟɧɢɹ ɦɟɞɧɨɣ ɫɨɥɢ 
ɩɨɥɢ-5-ɜɢɧɢɥɬɟɬɪɚɡɨɥɚ ɨɛɪɚɡɭɸɬɫɹ ɱɚɫɬɢɰɵ ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɦɟɞɢ (ɞɨ 100 ɧɦ), 
ɢɧɤɨɪɩɨɪɢɪɨɜɚɧɧɵɟ ɜ ɩɨɥɢɦɟɪɧɭɸ ɦɚɬɪɢɰɭ. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɞɧɨ-ɩɨɥɢɦɟɪɧɨɝɨ 
ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɢɫɫɥɟɞɨɜɚɧ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ. Ɇɨɪɮɨɥɨɝɢɸ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɦɟɞɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɜ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢ ɦɟɬɨɞɨɦ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ. ɉɨɥɭɱɟɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɦɟɞɧɨ-ɩɨɥɢɦɟɪɧɵɣ ɧɚɧɨɤɨɦɩɨɡɢɬ ɩɪɨɹɜɥɹɟɬ ɜɵɫɨɤɭɸ 
ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɮɟɧɢɥɚɰɟɬɢɥɟɧɚ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɧɬɟɡɚ 1,4-ɞɢɮɟɧɢɥɛɭɬɚɞɢɢɧɚ-1,3 

 
1,4-Ⱦɢɮɟɧɢɥɛɭɬɚɞɢɢɧ-1,3 (2) ɩɨɥɭɱɚɥɢ ɩɭɬɟɦ ɫɦɟɲɟɧɢɹ ɮɟɧɢɥɚɰɟɬɢɥɟɧɚ (9,1 ɦɦɨɥɶ) (1), 

ɩɢɪɢɞɢɧɚ (9,1 ɦɦɨɥɶ) ɢ ɦɟɞɧɨ-ɩɨɥɢɦɟɪɧɨɝɨ ɧɚɧɨɤɨɦɩɨɡɢɬɚ (4,7 ɦɝ, 0,5 ɦɨɥ.%). ȼ ɤɚɱɟɫɬɜɟ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢɦɟɧɹɥɢ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧ. Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 14 ɱɚɫɨɜ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɟɚɤɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ, ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ 
ɭɩɚɪɢɜɚɥɢ ɞɨɫɭɯɚ. ɉɨɥɭɱɟɧɧɵɣ ɬɜɟɪɞɵɣ ɨɫɚɞɨɤ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɢɡɨ-ɩɪɨɩɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ c ɜɵɯɨɞɨɦ 95% ɩɨɥɭɱɚɥɢ 1,4-ɞɢɮɟɧɢɥɛɭɬɚɞɢɢɧ-1,3 ɜ ɜɢɞɟ ɛɟɥɵɯ 
ɢɝɨɥɶɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɫ Ɍɩɥ. 87 ɨɋ. ɋɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɹ (2) ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ ɂɄ-, əɆɊ-
ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ GC-MS-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 
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ɄɈɆɉɅȿɄɋɕ ȺɅɄɂɅɂɊɈȼȺɇɇɕɏ ɉɊɈɂɁȼɈȾɇɕɏ 

1,4-ȾɂȺɁȺȻɂɐɂɄɅɈ[2.2.2]ɈɄɌȺɇȺ ɋ ɇɂɌɊȺɌɈɆ ɅȺɇɌȺɇȺ. 
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ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɧɨɜɵɟ ɦɟɬɚɥɥɨɉȺȼ ɧɚ ɨɫɧɨɜɟ ɦɨɧɨɚɥɤɢɥɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 1,4-ɞɢɚɡɚɛɢɰɢɤɥɨ[2.2.2]ɨɤɬɚɧɚ 

ɢ ɧɢɬɪɚɬɚ ɥɚɧɬɚɧɚ. ɇɚ ɩɪɢɦɟɪɟ ɝɟɤɫɚɞɟɰɢɥɶɧɨɝɨ ɝɨɦɨɥɨɝɚ ɭɫɬɚɧɨɜɥɟɧɚ ɢɯ ɜɵɫɨɤɚɹ ɚɝɪɟɝɚɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, 
ɫɨɥɸɛɢɥɢɡɚɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɢɞɪɨɮɨɛɧɨɦɭ ɤɪɚɫɢɬɟɥɸ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ 
ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɳɟɩɥɟɧɢɹ ɮɨɫɮɨɷɮɢɪɧɨɣ ɫɜɹɡɢ. 

New metallosurfactants based on monoalkylated derivatives of 1,4-diazabicyclo[2.2.2]octane and lanthanum nitrate 

have been synthesized. Their high aggregation ability, solubilization capacity with respect to the hydrophobic dye and 

catalytic activity in process of hydrolytic cleavage of phosphoester bond were established for hexadecyl homologue. 

 
ɉɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɝɨɥɨɜɧɨɣ ɝɪɭɩɩɟ ɢɨɧ ɦɟɬɚɥɥɚ 

(ɦɟɬɚɥɥɨɉȺȼ), ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɢ [1], ɚ ɬɚɤɠɟ ɩɪɢ 
ɩɨɥɭɱɟɧɢɢ ɦɟɡɨɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ [2], ɨɛɪɚɡɨɜɚɧɢɢ ɩɥɟɧɨɤ Ʌɟɧɝɦɸɪɚ-Ȼɥɨɞɠɟɬɬ [3], ɤɚɬɚɥɢɡɟ 
ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ [4], ɤɨɥɥɨɢɞɧɨɦ ɫɢɧɬɟɡɟ ɧɚɧɨɱɚɫɬɢɰ [5]. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 
ɦɟɬɚɥɥɨɉȺȼ ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɮɚɤɬɨɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɫɩɨɫɨɛɧɨɫɬɢ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɞɦɨɥɟɤɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ ɜ ɪɚɫɬɜɨɪɟ (ɦɢɰɟɥɥ, ɜɟɡɢɤɭɥ, ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɬ.ɞ.). 
ɇɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɨɜɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɨɧɨɤɜɚɬɟɪɧɢɡɨɜɚɧɧɵɯ 1,4-
ɞɢɚɡɚɛɢɰɢɤɥɨ[2.2.2]ɨɤɬɚɧɨɜ (DABCO) ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɝɢɞɪɨɮɨɛɧɨɫɬɢ (D-14, D-16, D-18) (ɪɢɫ. 1) 
ɢ ɧɢɬɪɚɬɚ ɥɚɧɬɚɧɚ. 

 + -CnH2n+1 NN Br-
n=14 (D-14) ;n=16 (D-16) ;n=18 (D-18) .  

Ɋɢɫ.1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɥɢɝɚɧɞɨɜ 
 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜɵɫɬɭɩɚɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɨɧɨɚɥɤɢɥɢɪɨɜɚɧɧɵɟ 
ɩɪɨɢɡɜɨɞɧɵɟ DABCO ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɚɹ ɫɨɥɶ La(NO3)3×6ɇ2Ɉ, ɜ ɪɨɥɢ ɫɪɟɞɵ – ɦɟɬɚɧɨɥ. ɋɨɫɬɚɜ 
ɩɪɨɞɭɤɬɨɜ ɩɨɞɬɜɟɪɠɞɟɧ ɞɚɧɧɵɦɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɫɩɟɤɬɪɨɫɤɨɩɢɢ əɆɊ 
1ɇ. ɋɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɥɢɝɚɧɞ (L) : ɦɟɬɚɥɥ (Ɇ) ɜ ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɚɥɥɨɉȺȼ ɛɵɥɨ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 1:1, 2:1, 2:1.  

Ɇɟɬɨɞɚɦɢ ɬɟɧɡɢɨɦɟɬɪɢɢ, ɤɨɧɞɭɤɬɨɦɟɬɪɢɢ, ɩɨɬɟɧɰɢɨɦɟɬɪɢɢ, ɮɥɭɨɪɢɦɟɬɪɢɢ (ɫ ɡɨɧɞɚɦɢ 
ɩɢɪɟɧɨɦ ɢ 1,6-ɞɢɮɟɧɢɥ-1,3,5-ɝɟɤɫɚɬɪɢɟɧɨɦ(DPH)), ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ 
ɫɜɟɬɨɪɚɫɫɟɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɵ ɚɝɪɟɝɚɰɢɨɧɧɵɟ ɢ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɥɟɤɫɚ [2D-
16×La(NO3)3]. Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɚɝɪɟɝɚɰɢɢ ɜ ɜɨɞɟ ɢ ɚɞɫɨɪɛɰɢɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɜɨɞɚ-
ɜɨɡɞɭɯ: ɤɪɢɬɢɱɟɫɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ (ɄɄɆ), ɱɢɫɥɚ ɚɝɪɟɝɚɰɢɢ, ɫɬɟɩɟɧɶ 
ɫɜɹɡɵɜɚɧɢɹ ɛɪɨɦɢɞ-ɢɨɧɨɜ ɫ ɚɝɪɟɝɚɬɚɦɢ (ȕ), ɪɚɡɦɟɪ ɦɢɰɟɥɥ, ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ ɫɢɫɬɟɦɵ, 
ɬɟɦɩɟɪɚɬɭɪɚ Ʉɪɚɮɬɚ, ɩɪɟɞɟɥɶɧɚɹ ɚɞɫɨɪɛɰɢɹ (Ƚmax), ɦɢɧɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, 
ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɉȺȼ (Amin), ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɞɚɜɥɟɧɢɟ ɩɪɢ ɄɄɆ (ɄɄɆ), 

ɫɬɚɧɞɚɪɬɧɚɹ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɚɞɫɨɪɛɰɢɢ (Gɚɞ) ɢ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ (Gɦ). 
Ɂɧɚɱɟɧɢɟ ɄɄɆ ɫɨɫɬɚɜɥɹɥɨ 0.33 ɦɆ (25 0ɋ), ɬɨ ɟɫɬɶ ɜ 3 ɪɚɡɚ ɧɢɠɟ, ɱɟɦ ɭ ɥɢɝɚɧɞɚ D-16 (1 ɦɆ) ɢ ɜ 
2-3 ɪɚɡɚ ɧɢɠɟ, ɱɟɦ ɭ ɢɡɜɟɫɬɧɵɯ ɤɚɬɢɨɧɧɵɯ ɉȺȼ ɰɟɬɢɥɩɢɪɢɞɢɧɢɣ ɛɪɨɦɢɞɚ ɢ 
ɰɟɬɢɥɬɪɢɦɟɬɢɥɚɦɦɨɧɢɣ ɛɪɨɦɢɞɚ (ɐɌȺȻ). ȼ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɬ 1 ɞɨ 8 ɦɆ ɱɢɫɥɚ ɚɝɪɟɝɚɰɢɢ 
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ɤɨɦɩɥɟɤɫɚ ɫɨɫɬɚɜɥɹɸɬ 24-27. Ɂɧɚɱɟɧɢɟ ȕ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 0.76 - 0.95, ɱɬɨ ɛɥɢɡɤɨ ɤ ɞɢɚɩɚɡɨɧɭ 
ɡɧɚɱɟɧɢɣ ɞɥɹ ɥɢɝɚɧɞɚ (0.81 – 0.91 [6]). ɉɪɢ 2-20 ɤɪɚɬɧɨɦ ɩɪɟɜɵɲɟɧɢɢ ɄɄɆ ɪɚɡɦɟɪ 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɚɝɪɟɝɚɬɨɜ ɫɨɫɬɚɜɥɹɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 4-6 ɧɦ. ɗɬɨ ɨɬɜɟɱɚɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɜ 
ɪɚɫɬɜɨɪɟ ɚɝɪɟɝɚɬɨɜ ɦɢɰɟɥɥɹɪɧɨɝɨ ɬɢɩɚ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɮɥɭɨɪɢɦɟɬɪɢɢ (ɡɨɧɞ DPH). 
ɋɨɝɥɚɫɧɨ ɩɨɫɥɟɞɧɢɦ, ɜ ɭɤɚɡɚɧɧɨɣ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɟɬɚɥɥɨɉȺȼ ɡɧɚɱɟɧɢɟ ɚɧɢɡɨɬɪɨɩɢɢ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 0.06-0.1. 

ɋɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɚ ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɦɢɰɟɥɥɹɪɧɵɯ ɚɝɪɟɝɚɬɨɜ ɤɨɦɩɥɟɤɫɚ [2D-16×La(NO3)3] ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɨɞɨɧɟɪɚɫɬɜɨɪɢɦɨɦɭ 
ɤɪɚɫɢɬɟɥɸ Ɉɪɚɧɠ-ɈɌ. Ɉɩɪɟɞɟɥɟɧɨ ɡɧɚɱɟɧɢɟ ɫɨɥɸɛɢɥɢɡɚɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɫɢɫɬɟɦɵ [S = B/İl, ɝɞɟ 
ȼ – ɩɚɪɚɦɟɬɪ ɧɚɤɥɨɧɚ (ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɤɪɚɫɢɬɟɥɹ ɩɪɢ 
495 ɧɦ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɉȺȼ), İ – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɫɬɢɧɤɰɢɢ ɤɪɚɫɢɬɟɥɹ, l – ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ]. 
Ɂɧɚɱɟɧɢɟ S ɤɨɦɩɥɟɤɫɚ ɜ 2.5 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɥɢɝɚɧɞɚ ɢ ɜ 6.5 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɐɌȺȻ. 

ɍɫɬɚɧɨɜɥɟɧɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɦɟɬɚɥɥɨɦɢɰɟɥɥɹɪɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɤɫɚ 
[2D-16×La(NO3)3]) ɧɚ ɪɟɚɤɰɢɸ ɳɟɥɨɱɧɨɝɨ ɝɢɞɪɨɥɢɡɚ O-ɛɭɬɢɥ-O-4-
ɧɢɬɪɨɮɟɧɢɥɯɥɨɪɦɟɬɢɥɮɨɫɮɨɧɚɬɚ (ȻɇɏɎ) (ɬɪɢɫ-ɛɭɮɟɪ, ɪɇ = 8.5, 25 0ɋ). ȼ ɪɚɦɤɚɯ ɩɫɟɜɞɨɮɚɡɧɨɣ 
ɦɨɞɟɥɢ ɦɢɰɟɥɥɹɪɧɨɝɨ ɤɚɬɚɥɢɡɚ ɪɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ ɝɢɞɪɨɥɢɡɚ - ɤɨɧɫɬɚɧɬɚ 
ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɜ ɦɢɰɟɥɥɹɪɧɨɣ ɮɚɡɟ ɢ ɤɨɧɫɬɚɧɬɵ ɫɜɹɡɵɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ (ɮɨɫɮɨɧɚɬɚ ɢ 
ɝɢɞɪɨɤɫɢɞ-ɢɨɧɚ) ɫ ɚɝɪɟɝɚɬɚɦɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɯɚɪɚɤɬɟɪɧɨ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɫɜɹɡɵɜɚɧɢɹ ɮɨɫɮɨɧɚɬɚ ɫ ɚɝɪɟɝɚɬɚɦɢ (ɛɨɥɟɟ ɬɪɟɯ 
ɩɨɪɹɞɤɨɜ). Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬ 33 ɪɚɡ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɚɤɬɨɪɨɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
ɪɟɚɝɟɧɬɨɜ ɜ ɦɢɰɟɥɥɹɪɧɨɣ ɮɚɡɟ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɝɪɚɧɬ № 15-03-05434_a. 
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ɂɡɭɱɟɧɵ ɩɪɨɰɟɫɫɵ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɨɥɸɛɢɥɢɡɚɰɢɢ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-

ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢ ɢɯ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ, ɚ 
ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɚ ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɢɫɬɟɦ. 

Processes of micelle formation and solubilization in aqueous solution of surfactants and their binary mixtures have been 

studied. The values of the critical micelle concentration have been determinated and the solubilizating capacity of the systems 

has been investigated. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɦɟɫɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ 

(ɉȺȼ), ɬɚɤ ɤɚɤ ɨɧɢ ɱɚɫɬɨ ɩɪɨɹɜɥɹɸɬ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɩɨ ɦɧɨɝɢɦ ɤɨɥɥɨɢɞɧɨ-
ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ: ɩɨɤɚɡɵɜɚɸɬ ɛɨɥɟɟ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ 
ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ (ɄɄɆ), ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɟɧɨɨɛɪɚɡɭɸɳɭɸ ɢ 
ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ [1-3]. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨ, ɱɬɨɛɵ ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɧɨ-
ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ ɜ ɫɨɫɬɚɜɟ ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɨɸɳɢɯ ɫɪɟɞɫɬɜ ɛɵɥɢ ɦɚɤɫɢɦɚɥɶɧɨ ɛɟɡɨɩɚɫɧɵɦɢ 
ɤɚɤ ɞɥɹ ɱɟɥɨɜɟɤɚ, ɬɚɤ ɢ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ [4]. 

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɫɨɥɸɛɢɥɢɡɚɰɢɢ ɥɢɦɨɧɟɧɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ «ɡɟɥɟɧɵɯ» ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ: ɧɟɢɨɧɨɝɟɧɧɨɝɨ ɉȺȼ 
ɤɚɩɪɢɥɢɥ/ɤɚɩɪɢɥ ɝɥɸɤɨɡɢɞɚ (ɇɉȺȼ) ɢ ɚɦɮɨɬɟɪɧɨɝɨ ɉȺȼ ɤɨɤɚɦɢɞɨɩɪɨɩɢɥɛɟɬɚɢɧɚ (ȺɦɉȺȼ), ɚ 
ɬɚɤɠɟ ɢɯ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɩɪɢ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 5/2. 

Ɇɟɬɨɞɨɦ ɜɢɫɹɱɟɣ ɤɚɩɥɢ ɩɨɥɭɱɟɧɵ ɢɡɨɬɟɪɦɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 
ɤɨɧɰɟɧɬɪɚɰɢɣ 10-5– 5·10-2 ɦɨɥɶ/ɥ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 23±1°ɋ (ɪɢɫ.1).  

 

 
 

Ɋɢɫ. 1. ɂɡɨɬɟɪɦɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɉȺȼ: 1 – ȺɦɉȺȼ;  
2 – ɫɦɟɫɶ ɇɉȺȼ/ȺɦɉȺȼ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 5/2; 3 – ɇɉȺȼ.  

 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɫɢ 

ɇɉȺȼ/ȺɦɉȺȼ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
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ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ȺɦɉȺȼ, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫ ɚɬɬɪɚɤɰɢɨɧɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
ɦɨɥɟɤɭɥ ɪɚɡɧɨɬɢɩɧɵɯ ɉȺȼ ɜ ɫɦɟɲɚɧɧɨɦ ɪɚɫɬɜɨɪɟ. 

ɂɡɭɱɟɧɢɟ ɫɨɥɸɛɢɥɢɡɚɰɢɢ ɥɢɦɨɧɟɧɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɉȺȼ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 420 ɧɦ. ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɫɜɹɡɚɧɚ ɫ 
ɪɟɡɤɢɦ ɪɨɫɬɨɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɚɫɥɚ ɜɵɲɟ 
ɩɪɟɞɟɥɶɧɨɣ ɟɦɤɨɫɬɢ ɫɨɥɸɛɢɥɢɡɚɰɢɢ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɤɪɢɜɵɦ ɬɢɬɪɨɜɚɧɢɹ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ 
ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ (ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɸɛɢɥɢɡɚɬɚ, ɤɨɬɨɪɨɟ ɫɩɨɫɨɛɧɵ 
ɫɨɥɸɛɢɥɢɡɢɪɨɜɚɬɶ ɦɢɰɟɥɥɵ, ɦɝ ɥɢɦɨɧɟɧɚ / ɦɥ ɪɚɫɬɜɨɪɚ ɉȺȼ) ɪɚɫɬɜɨɪɨɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɉȺȼ ɢ 
ɢɯ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ (ɪɢɫ.2). 

 

 
 

Ɋɢɫ. 2. ɂɡɨɬɟɪɦɵ ɫɨɥɸɛɢɥɢɡɚɰɢɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɉȺȼ: 1 – ɫɦɟɫɶ ɇɉȺȼ/ȺɦɉȺȼ  
ɜ ɫɨɨɬɧɨɲɟɧɢɢ 5/2; 2 –ȺɦɉȺȼ; 3 – ɇɉȺȼ. 

 
Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɩɨɡɜɨɥɢɥ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɦɟɫɢ ɉȺȼ 

ɜɵɲɟ, ɱɟɦ ɭ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɉȺȼ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɹɜɥɟɧɢɢ ɫɢɧɟɪɝɢɡɦɚ ɩɪɢ ɞɚɧɧɨɦ 
ɫɨɨɬɧɨɲɟɧɢɢ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɦɟɫɢ 
ɧɟɢɨɧɨɝɟɧɧɨɝɨ ɢ ɚɦɮɨɬɟɪɧɨɝɨ ɉȺȼ ɜ ɫɨɫɬɚɜɟ ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɨɸɳɢɯ ɫɪɟɞɫɬɜ ɜ ɤɚɱɟɫɬɜɟ 
ɯɨɪɨɲɟɝɨ ɫɨɥɸɛɢɥɢɡɚɬɨɪɚ ɨɬɞɭɲɟɤ.  
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ɍȾɄ 544.3:(620.3+691.175) 

 

ɂɁɍɑȿɇɂȿ ɆȿɀɎȺɁɇɈȽɈ ȼɁȺɂɆɈȾȿɃɋɌȼɂə ȼ ɆȺȽɇɂɌɈɇȺɉɈɅɇȿɇɇɕɏ 

ɄɈɆɉɈɁɂɌȺɏ ɇȺ ɈɋɇɈȼȿ ɗɉɈɄɋɂȾɇɈɃ ɋɆɈɅɕ 

 
Ɋ.ȼ. Ʉɪɟɯɧɨ, Ⱥ.ɉ. ɋɚɮɪɨɧɨɜ, Ⱥ.ɂ. Ȼɟɤɟɬɨɜɚ, ɂ.ȼ. Ȼɟɤɟɬɨɜ  

ɍɪɚɥɶɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 620002, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, 19. 

 
ɂɫɫɥɟɞɨɜɚɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɚ ɚɞɝɟɡɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɤɨɦɩɨɡɢɬɚɯ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɢ 

ɧɚɧɨɱɚɫɬɢɰ Fe ɢ Ni. Ɇɟɬɨɞɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢɡɦɟɪɟɧɵ ɜɟɥɢɱɢɧɵ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɜ ɬɨɥɭɨɥɟ 
ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ЭȾɉ, ɄȾȺ-1, ЭȾ-20 ɢ ɢɯ ɤɨɦɩɨɡɢɬɨɜ, ɧɚɩɨɥɧɟɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰɚɦɢ Fe ɢ Ni ɜɨ ɜɫёɦ ɞɢɚɩɚɡɨɧɟ 
ɫɨɫɬɚɜɨɜ. ɋ ɩɨɦɨɳɶɸ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɫɦɟɲɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɜɨ ɜɫɟɦ 
ɞɢɚɩɚɡɨɧɟ ɫɨɨɬɧɨɲɟɧɢɣ ɫɦɨɥɵ ɢ ɧɚɧɨɱɚɫɬɢɰ ɦɟɬɚɥɥɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɞɝɟɡɢɨɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ. Ɋɚɫɫɱɢɬɚɧɵ ɜɟɥɢɱɢɧɵ ɩɪɟɞɟɥɶɧɨɣ ɷɧɬɚɥɶɩɢɢ ɚɞɝɟɡɢɢ ɫɦɨɥɵ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ Fe ɢ Ni ɜ ɧɚɫɵɳɟɧɧɨɦ ɫɥɨɟ. 

The thermodynamics of adhesion interactions in composites based on epoxy resins and Fe and Ni nanoparticles was 

researched. The enthalpy of dissolution epoxy resins EAF, KDA-1, ED-20 and their composites filled with nanoparticles of 

Fe and Ni in the whole composition range in toluene were measured using an isothermal calorimetry method. With the help 

of a thermochemical cycle, the values of the mixing enthalpy in a whole range of ratios of resin and metal nanoparticles were 

calculated. It is shown that the adhesive interaction is accompanied by an exothermic effect. The values of the limit adhesion 

enthalpy on the nanoparticle surface in the saturated layer of composites were calculated. 

 
ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, ɢ ɞɢɫɩɟɪɫɧɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ, 
ɩɪɢɞɚɸɳɢɯ ɦɚɬɟɪɢɚɥɭ ɪɚɡɥɢɱɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɸɬ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ, ɬɚɤ ɤɚɤ ɞɚɧɧɵɣ ɤɥɚɫɫ ɤɨɦɩɨɡɢɬɨɜ 
ɨɛɥɚɞɚɟɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɜɵɫɨɤɢɦɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɩɨɫɥɟ ɨɬɜɟɪɠɞɟɧɢɹ, ɯɨɪɨɲɟɣ ɚɞɝɟɡɢɟɣ ɤ ɦɟɬɚɥɥɚɦ. ɗɩɨɤɫɢɞɧɵɟ ɤɨɦɩɨɡɢɬɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɜɢɚ- ɢ ɤɨɫɦɢɱɟɫɤɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜɵɡɵɜɚɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɚɥɥɨɧɚɩɨɥɧɟɧɧɵɯ 
ɤɨɦɩɨɡɢɬɨɜ, ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɞɨɫɬɨɢɧɫɬɜ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɚɹ ɪɚɞɢɨɩɨɝɥɨɳɚɸɳɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ. Ɇɚɝɧɢɬɨɧɚɩɨɥɧɟɧɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɬɵ, ɫɨɞɟɪɠɚɳɢɟ ɦɚɝɧɢɬɨɦɹɝɤɢɟ ɱɚɫɬɢɰɵ, 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɚɝɧɢɬɧɵɯ ɷɤɪɚɧɨɜ ɞɥɹ ɚɛɫɨɪɛɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɵ ɢ ɩɨɤɪɵɬɢɣ ɞɥɹ ɡɚɳɢɬɵ ɩɪɢɛɨɪɨɜ ɢ ɞɚɬɱɢɤɨɜ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦɭ ɢɡɥɭɱɟɧɢɸ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɜɨ ɦɧɨɝɨɦ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ 
ɝɪɚɧɢɰɟ ɩɨɥɢɦɟɪ/ɧɚɩɨɥɧɢɬɟɥɶ. ɗɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ ɚɞɝɟɡɢɢ ɩɨɥɢɦɟɪɚ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɧɚɩɨɥɧɢɬɟɥɹ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɦɟɬɚɥɥɨɜ – Fe ɢ Ni ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɢ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɪɢɰ ɞɥɹ 
ɤɨɦɩɨɡɢɬɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɨɥɢɦɟɪɵ: ɷɩɨɤɫɢɞɧɚɹ ɫɦɨɥɚ ɗȾ-20, 
ɚ ɬɚɤɠɟ ɫɦɨɥɵ ɧɚ ɟё ɨɫɧɨɜɟ: ɗȾɉ, ɫɨɞɟɪɠɚɳɚɹ 10% ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɞɢɛɭɬɢɥɮɬɚɥɚɬɚ, ɢ ɄȾȺ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɚɥɢɮɚɬɢɱɟɫɤɨɣ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɨɣ ȾɗȽ-1. ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɞɥɹ 
ɤɨɦɩɨɡɢɬɨɜ ɜɡɹɬɵ ɩɨɪɨɲɤɢ Fe ɢ Ni, ɩɨɥɭɱɟɧɧɵɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɢɦɩɭɥɶɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɂɧɫɬɢɬɭɬɚ 
ɷɥɟɤɬɪɨɮɢɡɢɤɢ ɍɪɈ ɊȺɇ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɜɡɪɵɜɚ ɩɪɨɜɨɥɨɤɢ. ɇɚɜɟɫɤɭ ɧɚɩɨɥɧɢɬɟɥɹ 
ɩɨɦɟɳɚɥɢ ɜ ɬɨɧɤɨɫɬɟɧɧɵɟ ɚɦɩɭɥɵ ɞɥɹ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ, ɩɨɫɥɟ ɱɟɝɨ ɡɚɥɢɜɚɥɢ 
ɪɚɫɫɱɢɬɚɧɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɫɬɜɨɪɚ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ. Ɂɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɜ 
ɬɨɥɭɨɥɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɢ ɤɨɦɩɨɡɢɬɨɜ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ ɫɦɚɱɢɜɚɧɢɹ ɬɨɥɭɨɥɨɦ 
ɧɚɧɨɩɨɪɨɲɤɨɜ Fe ɢ Ni ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɩɪɢ 298 Ʉ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɤɚɥɨɪɢɦɟɬɪɚ ɬɢɩɚ Ɍɢɚɧɚ-Ʉɚɥɶɜɟ ȾȺɄ 1-1 ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ 10-6Ⱦɠ/ɫ. 
Ɂɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɛɵɥɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɨ ɜɫёɦ ɞɢɚɩɚɡɨɧɟ ɫɨɞɟɪɠɚɧɢɹ 
ɧɚɩɨɥɧɢɬɟɥɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɡɧɚɱɟɧɢɣ ɷɧɬɚɥɶɩɢɣ ɪɚɫɬɜɨɪɟɧɢɹ ɩɨ ɭɪɚɜɧɟɧɢɸ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 
ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɫɦɟɲɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɨɜ. 

Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɬɚɥɶɩɢɢ ɫɦɟɲɟɧɢɹ ɤɨɦɩɨɡɢɬɚ ɢɦɟɸɬ ɜɢɞ ɩɥɚɜɧɵɯ 
ɜɨɝɧɭɬɵɯ ɤɪɢɜɵɯ ɫ ɦɢɧɢɦɭɦɨɦ ɜ ɞɢɚɩɚɡɨɧɟ 30-40% ɫɨɞɟɪɠɚɧɢɹ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɫɢɫɬɟɦɚɯ Fe-ɗȾ-



ȻɒɄɏ – 2017                                                                                                ɋɟɤɰɢɹ 3. Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ 

 232 

20, Fe-ɄȾȺ ɢ Ni-ɄȾȺ, ɢ 50-60% ɜ ɫɢɫɬɟɦɟ Fe-ɗȾɉ. ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɢɰɵ ɦɟɬɚɥɥɨɜ ɧɟ ɪɚɫɬɜɨɪɢɦɵ 
ɜ ɫɦɨɥɟ, ɷɬɨɬ ɷɮɮɟɤɬ ɰɟɥɢɤɨɦ ɨɛɭɫɥɨɜɥɟɧ ɦɟɠɮɚɡɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ. ɗɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɫɢɥɶɧɨɦ ɚɞɝɟɡɢɨɧɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ. 
Ʉɨɧɫɬɚɧɬɵ ɚɞɝɟɡɢɢ ɫɨɫɬɚɜɢɥɢ 2.7 ɦ2/ɝ ɜ ɫɢɫɬɟɦɟ Fe-ɄȾȺ, 2.1 ɦ2/ɝ ɜ ɫɢɫɬɟɦɟ Ni-ɄȾȺ,  11.2 ɦ2/ɝ ɜ 
ɫɢɫɬɟɦɟ Fe-ɗȾɉ ɢ 2.2 ɦ2/ɝ ɜ ɫɢɫɬɟɦɟ Fe-ɗȾ20, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɟɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɚɞɝɟɡɢɢ 
ɫɨɫɬɚɜɢɥɚ -4.7 Ⱦɠ/ɦ2 ɜ ɫɢɫɬɟɦɟ Fe-ɄȾȺ, -4.2 Ⱦɠ/ɦ2  ɜ ɫɢɫɬɟɦɟ Ni-ɄȾȺ,  -1.6 Ⱦɠ/ɦ2 ɜ ɫɢɫɬɟɦɟ Fe-
ɗȾɉ ɢ -6.8 Ⱦɠ/ɦ2 ɜ ɫɢɫɬɟɦɟ Fe-ɗȾ20. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɚɞɝɟɡɢɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɤɨɦɩɨɡɢɬɚɯ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɱɚɫɬɢɰ Fe ɢ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ 
ɗȾ-20, ɦɨɞɢɮɢɤɚɰɢɹ ɷɬɨɣ ɫɦɨɥɵ ɪɚɡɥɢɱɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɚɞɝɟɡɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɉɪɢ ɷɬɨɦ, ɚɞɝɟɡɢɨɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚɧɨɱɚɫɬɢɰ Fe ɢ Ni ɫɨ 
ɫɦɨɥɨɣ ɄȾȺ ɛɵɥɨ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɦ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɢ ɩɪɨɟɤɬɨɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɍɪɈ ɊȺɇ. 
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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɨɥɭɱɟɧɢɸ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɟɞɢɧɟɧɢɣ ɫɟɦɟɣɫɬɜɚ 

BIMEVOX ɫ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ Bi4V2-xMexO11-δ, ɝɞɟ x = Fe, Nb ɢ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ. ȼɫɟ ɫɨɫɬɚɜɵ ɜɯɨɞɹɬ ɜ 
ɨɛɥɚɫɬɶ ɝɨɦɨɝɟɧɧɨɫɬɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɨɛɥɚɞɚɸɬ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɢɥɢ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ. ȼ 
ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɹɱɟɟɤ ɨɬ ɫɨɫɬɚɜɚ ɢɦɟɟɬ ɥɢɧɟɣɧɵɣ ɜɢɞ. 
Эɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɭɱɟɧɚ ɦɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɬɢɧɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ ɢ 
ɫɦɟɲɚɧɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɧɚ ɨɫɧɨɜɟ ɦɚɧɝɚɧɢɬɚ ɥɚɧɬɚɧɚ. Ɉɛɳɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɦɩɨɡɢɬɧɵɯ ɨɛɪɚɡɰɨɜ ɧɢɠɟ, 
ɱɟɦ ɞɥɹ ɦɚɬɪɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɚɧɚɞɚɬɨɜ ɜɢɫɦɭɬɚ. ɉɪɨɜɨɞɢɦɨɫɬɶ BIMEVOX ɫɨ ɫɦɟɲɚɧɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ 
ɨɤɚɡɚɥɚɫɶ ɧɢɠɟ, ɱɟɦ ɫ ɩɥɚɬɢɧɨɜɵɦɢ. 

The work concerns synthesis and study of the electro-conducting characteristics of compounds of the BIMEVOX family 

with the general formula Bi4V2-xMexO11-δ.(x = Fe, Nb) and BIMEVOX-based composites. All samples are in the solid 

solutions homogeneity region and crystallize in tetragonal or orthorhombic structure. Within the one structural type, the 

dependence of the cell parameters on the dopants concentration has a linear shape. The electrical conductivity was studied 

by the impedance spectroscopy method using platinum and lanthanum manganite based electrodes. The total conductivity of 

BIMEVOX-based composites is lower than that of the matrix compounds of bismuth vanadates. The electrical conductivity of 

the electrochemical cells with BIMEVOX electrolytes attached to the lanthanum manganite-based electrodes is also lower 

than that with the platinum electrodes. 

 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ 

ɷɥɟɤɬɪɨɥɢɬɨɜ ɨɩɪɟɞɟɥɹɟɬ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɬɨɣɱɢɜɵɣ ɢɧɬɟɪɟɫ ɤ ɬɜɟɪɞɵɦ ɨɤɫɢɞɧɵɦ 
ɦɚɬɟɪɢɚɥɚɦ ɫ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɩɨ ɤɢɫɥɨɪɨɞɭ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɚɤɬɢɜɧɨ ɢɞɟɬ ɢɡɭɱɟɧɢɟ ɫɟɦɟɣɫɬɜɚ 
ɡɚɦɟɳɟɧɧɵɯ ɜɚɧɚɞɚɬɨɜ ɜɢɫɦɭɬɚ Bi4V2O11, ɩɨɥɭɱɢɜɲɢɯ ɨɛɳɟɟ ɧɚɡɜɚɧɢɟ BIMEVOX, ɤɨɬɨɪɵɟ 
ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɤɢɫɥɨɪɨɞɧɨ-ɢɨɧɧɵɟ ɩɪɨɜɨɞɧɢɤɢ, ɩɪɨɜɨɞɢɦɨɫɬɶ 
ɤɨɬɨɪɵɯ ɫɪɚɜɧɢɦɚ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɞɥɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, ɧɨ ɪɚɛɨɱɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ. ɗɬɨɬ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɨɫɬɚɥɶɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ ɭɫɬɪɨɣɫɬɜ (ɦɚɬɟɪɢɚɥɭ ɷɥɟɤɬɪɨɞɨɜ, ɫɨɟɞɢɧɢɬɟɥɟɣ, ɝɚɡɨɩɪɨɜɨɞɨɜ ɢ ɬ.ɩ.), 
ɞɚɟɬ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ. 

Ʉɨɦɩɨɡɢɬɧɵɟ ɬɜɟɪɞɵɟ ɷɥɟɤɬɪɨɥɢɬɵ – ɨɫɨɛɵɣ ɤɥɚɫɫ ɬɜɟɪɞɨɮɚɡɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɨɛɥɚɞɚɸɳɢɯ ɩɨɜɵɲɟɧɧɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. Ȼɥɚɝɨɞɚɪɹ ɫɨɱɟɬɚɧɢɸ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɚɪɶɢɪɨɜɚɧɢɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɞɪɭɝɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ, ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜɚɯ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɨɧɨɮɚɡɧɵɯ ɬɜɟɪɞɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɤɨɬɨɪɵɟ 
ɢɧɬɟɧɫɢɜɧɨ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɢɡɭɱɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ 
ɧɚɛɢɪɚɟɬ ɨɛɨɪɨɬɵ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɤɚɤ ɫɥɨɠɧɨɫɬɶɸ ɢɡɭɱɟɧɢɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ, ɬɚɤ ɢ 
ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɩɨɧɢɦɚɧɢɟɦ ɦɟɯɚɧɢɡɦɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɷɬɢɯ 
ɫɢɫɬɟɦɚɯ. 

Ɉɛɪɚɡɰɵ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɫɬɚɜɨɜ Bi4V2-xFexO11-į, ɝɞɟ x=0.2-0.4 Δɯ=0.05 ɢ  
Bi4V2-xNbxO11-į, ɝɞɟ x=0.1-0.6 Δɯ=0.05, ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɧɨɝɨ ɫɢɧɬɟɡɚ. Ⱥɬɬɟɫɬɚɰɢɸ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ 
ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɊɎȺ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɫɟ ɨɛɪɚɡɰɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ Ȗ-ɦɨɞɢɮɢɤɚɰɢɢ Bi4V2O11 (ɉɪ. ɝɪ. I4/mmm). ɗɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɚɧɟɟ 
ɩɪɨɜɟɞɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɬɚɤɢɯ ɫɨɫɬɚɜɨɜ [1, 2]. Ɉɞɧɚɤɨ ɨɛɪɚɡɰɵ Bi4V2-xNbxO11-į, ɝɞɟ x=0.1, 
0.15, 0.2 ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ȕ-ɦɨɞɢɮɢɤɚɰɢɢ Bi4V2O11 (ɉɪ. ɝɪ. Aba2). ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɊɎȺ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɩɪɨɜɨɞɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɭɫɬɚɧɨɜɤɚɯ. ɇɚɛɥɸɞɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɹɦɨɥɢɧɟɣɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚɪɧɨɣ 
ɹɱɟɣɤɢ ɨɬ ɫɨɫɬɚɜɚ ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ 
ɮɚɡɨɜɨɝɨ ɢ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ BIFEVOX ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɪɚɫɬɪɨɜɚɹ 
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ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ (ɊɗɆ) ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ. Ɋɚɡɦɟɪ 
ɱɚɫɬɢɰ ɞɥɹ ɫɟɪɢɣ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɰɢɢ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1-30 ɦɤɦ ɫ ɦɚɤɫɢɦɭɦɨɦ 5-10 ɦɤɦ 
ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ.  

Ⱦɚɥɟɟ ɜ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɢ ɩɨɥɭɱɟɧɢɟ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɜɚɧɚɞɚɬɨɜ ɜɢɫɦɭɬɚ, 
ɩɨɥɭɱɟɧɧɵɯ ɪɚɧɟɟ. Ʉ ɩɨɪɨɲɤɚɦ Bi4V2-xNbxO11- ɞɨɛɚɜɥɹɥɢ ɧɚɧɨɩɨɪɨɲɨɤ ɨɤɫɢɞɚ ɠɟɥɟɡɚ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 5, 10 ɢ 15 ɦɚɫɫ.%. ɉɚɪɚɥɥɟɥɶɧɨ ɫ ɫɢɧɬɟɡɨɦ Bi4V2-xNbxO11-/xFe2O3 ɛɵɥɢ 
ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɤɨɦɩɨɡɢɬɵ ɫɨɫɬɚɜɚ Bi4V1.7Fe0.3O11-/Bi3Nb1-xErxO7-į, ɝɞɟ ɯ = 0.3, 0.8. ɉɨɥɭɱɟɧɢɟ 
ɤɨɦɩɨɡɢɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɦɟɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ⱦɚɥɟɟ 
ɢɫɫɥɟɞɭɟɦɵɟ ɩɨɪɨɲɤɢ ɩɟɪɟɬɢɪɚɥɢ ɜ ɚɝɚɬɨɜɨɣ ɫɬɭɩɤɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɤɚɱɟɫɬɜɟ 
ɝɨɦɨɝɟɧɢɡɚɬɨɪɚ ɢ ɨɬɠɢɝɚɥɢ ɜ ɜɢɞɟ ɬɚɛɥɟɬɨɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800 °C. Ɉɰɟɧɤɚ ɜɨɡɦɨɠɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɧɭɬɪɢ ɤɨɦɩɨɡɢɬɚ ɨɰɟɧɢɜɚɥɚɫɶ ɦɟɬɨɞɨɦ ɊɎȺ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɨɬɫɭɬɫɬɜɢɟ 
ɤɚɤɨɝɨ-ɥɢɛɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ ɨɤɫɢɞɨɜ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɪɚɜɧɢɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ BIMEVOX ɢ/ɢɥɢ ɤɨɦɩɨɡɢɬɨɜ ɧɚ 
ɢɯ ɨɫɧɨɜɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɞɨɜ, ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɢɫɫɥɟɞɨɜɚɧɚ ɨɛɳɚɹ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɞɥɹ ɡɚɦɟɳɟɧɧɨɝɨ ɠɟɥɟɡɨɦ ɜɚɧɚɞɚɬɚ ɜɢɫɦɭɬɚ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɦɩɟɞɚɧɫɧɵɯ 
ɢɡɦɟɪɟɧɢɣ ɩɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢɦɟɪɵ 
ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. Ɉɛɳɢɣ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɢɡɭɱɚɟɦɵɯ ɨɛɪɚɡɰɨɜ ɹɜɥɹɟɬɫɹ 
ɬɢɩɢɱɧɵɦ ɞɥɹ ɫɟɦɟɣɫɬɜɚ BIMEVOX. ɇɚ ɡɚɜɢɫɢɦɨɫɬɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɛɨɥɶɲɨɣ ɩɟɪɟɝɢɛ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɟɪɟɯɨɞɭ «ɩɨɪɹɞɨɤ-ɛɟɫɩɨɪɹɞɨɤ» ɢɡ Ȗ∕- ɜ Ȗ-ɦɨɞɢɮɢɤɚɰɢɸ.  
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Ɋɢɫ. 1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ Bi4V2-xFexO11-  

 

ɉɪɨɜɨɞɢɦɨɫɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɹɱɟɟɤ ɫ ɬɜɟɪɞɵɦɢ ɷɥɟɤɬɪɨɥɢɬɚɦɢ BIFEVOX ɡɚɜɢɫɢɬ ɨɬ 
ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧɹɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɞɚ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɛɵɥ ɜɵɛɪɚɧ ɦɚɧɝɚɧɢɬ ɥɚɧɬɚɧɚ ɫ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ La1-ɯBiɯMn1-ɭCuɭO3-į, ɝɞɟ ɯ = 0.1, y = 0.2. Ⱦɚɧɧɵɣ 
ɫɨɫɬɚɜ ɛɵɥ ɜɵɛɪɚɧ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɜ ɨɛɨɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɛɳɢɣ ɢɨɧ (Bi3+), ɱɬɨ 
ɦɨɠɟɬ ɭɜɟɥɢɱɢɬɶ ɫɪɨɞɫɬɜɨ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɚɬɟɪɢɚɥɚɦɢ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɚɧɚɞɚɬɨɜ ɜɢɫɦɭɬɚ ɫ 
ɷɥɟɤɬɪɨɞɚɦɢ ɧɚ ɨɫɧɨɜɟ ɦɚɧɝɚɧɢɬɚ ɥɚɧɬɚɧɚ. Ʉɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ 
ɦɟɬɨɞɨɦ ɊɎȺ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɨɝɨ ɨɬɫɥɟɠɢɜɚɥɨɫɶ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɪɟɮɥɟɤɫɨɜ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɛɵ ɨ ɧɚɱɚɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɷɥɟɤɬɪɨɥɢɬɨɦ ɢ ɷɥɟɤɬɪɨɞɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. 
Ɇɚɬɟɪɢɚɥɵ ɧɚɱɢɧɚɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 700 °ɋ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɣ ɷɥɟɤɬɪɨɞ–ɷɥɟɤɬɪɨɥɢɬɧɨɣ ɫɜɹɡɤɢ ɜɨɡɦɨɠɧɨ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɦɩɨɡɢɬɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
650-200 °C ɦɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ.  

Ɂɚɦɟɧɚ ɩɥɚɬɢɧɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ ɧɚ ɤɨɦɩɨɡɢɬɧɵɟ ɷɥɟɤɬɪɨɞɵ ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɜɟɥɢɱɟɧɢɟ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɬɨɩɥɢɜɧɨɣ ɹɱɟɣɤɢ. ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ 
ɫɪɚɜɧɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ Bi4V1.7Fe0.3O11-į. ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɞɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ 
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ɬɨ, ɱɬɨ ɨɠɢɞɚɥɨɫɶ ɩɨɜɵɲɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢ ɡɚɦɟɧɟ ɩɥɚɬɢɧɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ, ɧɚɛɥɸɞɚɟɬɫɹ, 
ɱɬɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɫ ɩɥɚɬɢɧɨɜɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ ɜɵɲɟ, ɱɟɦ ɫ ɤɨɦɩɨɡɢɬɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ 
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Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ Bi4V1.7Fe0.3O11-į.ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 
 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ BIMEVOX ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 3. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɨɡɞɚɧɢɟ ɤɨɦɩɨɡɢɬɨɜ ɫ ɨɤɫɢɞɨɦ ɠɟɥɟɡɚ ɢ ɡɚɦɟɳɟɧɧɵɦ ɧɢɨɛɚɬɨɦ 
ɜɢɫɦɭɬɚ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɧɟ ɩɪɢɜɟɥɨ ɤ ɩɨɜɵɲɟɧɢɸ ɩɪɨɜɨɞɹɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɨɡɢɬɨɜ ɧɚ 
ɨɫɧɨɜɟ BIMEVOX, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɜɵɜɨɞɚɦɢ ɪɚɛɨɬɵ. 
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Ɋɢɫ. 3. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɜɚɧɚɞɚɬɚ ɜɢɫɦɭɬɚ  

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɡɚɦɟɳɟɧɢɹ 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ (ɋɉ-3376.2016.1). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1 Ȼɭɹɧɨɜɚ ȿ.ɋ., ɉɟɬɪɨɜɚ ɋ.Ⱥ., ȿɦɟɥɶɹɧɨɜɚ ɘ.ȼ. ɢ ɞɪ. ɋɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ, ɫɬɪɭɤɬɭɪɧɵɟ ɢ 
ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ BIFEVOX // ɀɭɪɧ. ɧɟɨɪɝ. ɯɢɦɢɢ. – 2009. –Ɍ. 54, 
№ 8. – ɋ. 1257–1269. 

2 Morozova M.V., Buyanova E.S., Emelyanova Ju.V. et al. Highconducting oxide ceramics BIMEVOX: Synthesis, 
structure, and properties // Solid State Ionics. – 2011. – V 192, №17. – P. 153–157. 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɚ ɩɨɩɵɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɹɛɥɨɱɧɨɝɨ 

ɩɟɤɬɢɧɚ ɨɡɨɧ-ɤɢɫɥɨɪɨɞɧɨɣ ɫɦɟɫɶɸ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ “ChemKinOptima”. Ɉɩɪɟɞɟɥɟɧɵ 

ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɟɣ ɜɫɟɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɚɞɢɣ ɩɪɨɰɟɫɫɚ. 

In this paper it is shown an attempt of mathematical modelling of process of oxidation of Apple pectin by ozone-oxygen 

mixture in aqueous solution using a software package “ChemKinOptima”. The rate constants of all elementary stages of the 

process were determined. 

 

Ɉɤɢɫɥɟɧɢɟ ɹɛɥɨɱɧɨɝɨ ɩɟɤɬɢɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɡɨɧ-ɤɢɫɥɨɪɨɞɧɨɣ ɫɦɟɫɢ ɩɨɞɪɨɛɧɨ ɢɡɭɱɟɧɨ ɧɚ 
ɛɚɡɟ ɤɚɮɟɞɪɵ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɷɤɨɥɨɝɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ȻɚɲȽɍ. Ȼɵɥɨ 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɩɨ ɪɚɞɢɤɚɥɶɧɨ-ɰɟɩɧɨɦɭ ɦɟɯɚɧɢɡɦɭ; ɫɤɨɪɨɫɬɶ 
ɧɚɤɨɩɥɟɧɢɹ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɭɛɵɜɚɟɬ ɫɨ ɜɪɟɦɟɧɟɦ; ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ 
ɞɟɫɬɪɭɤɰɢɹ ɛɢɨɩɨɥɢɦɟɪɚ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɛɵɥɚ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɦɟɬɨɞɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «ChemKinOptima» [1] ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɦɟɯɚɧɢɡɦɚ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɹɛɥɨɱɧɨɝɨ ɩɟɤɬɢɧɚ ɨɡɨɧ-ɤɢɫɥɨɪɨɞɧɨɣ ɫɦɟɫɶɸ. ɋɯɟɦɚ 
ɩɪɨɰɟɫɫɚ ɜɤɥɸɱɚɥɚ 12 ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɚɞɢɣ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ O3 ɨɬɪɵɜɚɟɬ ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɨɬ 
ɦɨɥɟɤɭɥɵ ɫɭɛɫɬɪɚɬɚ, ɩɨɥɭɱɢɜɲɢɣɫɹ ɩɪɢ ɷɬɨɦ HO3

·-ɪɚɞɢɤɚɥ ɫ ɤɨɧɫɬɚɧɬɨɣ ɫɤɨɪɨɫɬɢ 105 ɫ-1 
ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ O2 ɢ HO·-ɪɚɞɢɤɚɥ. Ɂɚɬɟɦ, ɤɢɫɥɨɪɨɞ ɚɬɚɤɭɟɬ ɚɥɤɢɥɶɧɵɣ ɪɚɞɢɤɚɥ ɩɟɤɬɢɧɚ, 
ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɩɟɪɨɤɫɢɥɶɧɵɣ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɱɟɪɟɡ ɫɬɚɞɢɸ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɩɪɨɞɨɥɠɟɧɢɹ ɰɟɩɢ ɨɛɪɚɡɭɟɬ ɝɢɞɪɨɩɟɪɨɤɫɢɞ. Ƚɢɞɪɨɩɟɪɨɤɫɢɞ ɪɚɫɳɟɩɥɹɟɬɫɹ ɧɚ ɥɚɤɬɨɧ, ɤɟɬɨɧ ɢ 
ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ, ɭɤɚɡɵɜɚɹ ɧɚ ɫɬɚɞɢɸ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɹɛɥɨɱɧɨɝɨ ɩɟɤɬɢɧɚ. 
Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɨɞɭɤɬɵ ɫɩɨɫɨɛɧɵ ɜɟɫɬɢ ɩɨɫɥɟɞɭɸɳɭɸ ɰɟɩɨɱɤɭ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ. 
ȼ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ ɥɚɤɬɨɧɚ ɨɛɪɚɡɭɟɬɫɹ ɧɟɫɬɨɣɤɢɣ ɩɨɥɢɦɟɪɧɵɣ ɪɚɞɢɤɚɥɶɧɵɣ α-ɞɢɤɟɬɨɧ, 
ɤɨɬɨɪɵɣ ɜ ɪɟɚɤɰɢɢ ɫ HO·-ɪɚɞɢɤɚɥɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɤɢɫɥɨɬɭ ɫ ɞɜɭɦɹ 
ɤɚɪɛɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ. Ɂɚɤɥɸɱɢɬɟɥɶɧɨɣ ɫɬɚɞɢɟɣ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɬɨɥɤɧɨɜɟɧɢɟ 
ɞɜɭɯ ɩɟɪɨɤɫɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ (k=105 ɥ/ɦɨɥɶ·ɫ). 

ɋ ɩɨɦɨɳɶɸ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɜɫɟɯ ɭɱɚɫɬɧɢɤɨɜ 
ɪɟɚɤɰɢɢ. Ɋɟɲɟɧɢɟ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɩɨɡɜɨɥɢɥɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɫɬɚɞɢɣ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɵɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ «ɏɢɦɄɢɧɈɩɬɢɦɚ» ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɤɰɢɣ ɧɚ ɨɫɧɨɜɟ ɤɢɧɟɬɢɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɢ ɛɚɡɵ ɞɚɧɧɵɯ: ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɨ 
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ɂɡɭɱɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɋ2- ɢ ɋ3-ɡɚɦɟɳɟɧɧɵɯ ɮɟɧɢɥɢɧɞɨɥɨɜ ɜ ɪɟɚɤɰɢɢ 

ɚɪɢɥɢɪɨɜɚɧɢɹ ɢɧɞɨɥɚ ɢɨɞɛɟɧɡɨɥɨɦ ɩɨɡɜɨɥɢɥɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɱɚɫɬɢɱɧɨɦ ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ ɧɚ 
ɝɟɬɟɪɨɝɟɧɧɵɯ ɮɨɪɦɚɯ ɩɚɥɥɚɞɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɧɚɥɢɡ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɥɨɠɧɨɦ ɯɚɪɚɤɬɟɪɟ ɜɥɢɹɧɢɹ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɪɟɚɤɰɢɢ ɨɫɧɨɜɚɧɢɹ ɧɚ ɩɪɢɪɨɞɭ ɚɤɬɢɜɧɵɯ ɜ 
ɤɚɬɚɥɢɡɟ ɱɚɫɬɢɰ.  

Differential selectivity measurement of C2- and C3- substituted phenylindole formation in the coupling reaction of 

indole with iodobenzene made it possible to conclude that reaction at least partially proceeds on heterogeneous forms of 

palladium. In addition, analysis of the differential selectivity regularities of the reaction indicates the complex character of 

the base influence on the nature of the active species. 

 

Ɋɚɡɜɢɬɢɟ ɦɟɬɨɞɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɫɜɹɡɟɣ ɬɢɩɚ ɚɪɢɥ-(ɝɟɬɟɪɨ)ɚɪɢɥ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɬɨɧɤɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ [1]. ɑɪɟɡɜɵɱɚɣɧɨ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 
ɦɟɬɨɞɨɦ ɫɨɡɞɚɧɢɹ ɫɜɹɡɟɣ ɬɚɤɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɩɪɹɦɨɟ ɚɪɢɥɢɪɨɜɚɧɢɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɥɟɣ ɩɚɥɥɚɞɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟɪɟɡ ɚɤɬɢɜɚɰɢɸ ɫɜɹɡɢ ɋ-ɇ, ɱɬɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ «ɤɥɚɫɫɢɱɟɫɤɢɯ» ɪɟɚɤɰɢɣ ɤɪɨɫɫ-
ɫɨɱɟɬɚɧɢɹ, ɧɟ ɬɪɟɛɭɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɜɟɞɟɧɢɹ ɜ ɪɟɚɝɟɧɬɵ ɪɚɡɥɢɱɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɪɟɚɤɰɢɣ ɩɪɹɦɨɝɨ 
ɚɪɢɥɢɪɨɜɚɧɢɹ ɜɟɞɭɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɨɩɪɨɫɵ, ɯɨɪɨɲɨ 
ɢɡɭɱɟɧɧɵɟ ɜ ɤɥɚɫɫɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ, ɞɥɹ ɧɢɯ ɨɫɬɚɸɬɫɹ ɨɬɤɪɵɬɵɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɜɨɩɪɨɫ ɨ ɩɪɢɪɨɞɟ ɚɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɂɦɟɸɳɢɟɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ 
ɨɠɢɞɚɬɶ, ɱɬɨ ɩɪɨɰɟɫɫɵ ɜɡɚɢɦɨɩɪɟɜɪɚɳɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɩɚɥɥɚɞɢɹ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɣ ɩɪɹɦɨɝɨ 
ɚɪɢɥɢɪɨɜɚɧɢɹ ɨɱɟɧɶ ɛɥɢɡɤɢ ɤ ɩɪɨɰɟɫɫɚɦ ɜ ɪɟɚɤɰɢɹɯ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɛɨɥɶɲɨɣ 
ɜɟɪɨɹɬɧɨɫɬɶɸ ɜ ɪɟɚɤɰɢɹɯ ɩɪɹɦɨɝɨ ɚɪɢɥɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɶ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɤɬɢɜɧɵɯ ɜ ɤɚɬɚɥɢɡɟ ɮɨɪɦ ɩɚɥɥɚɞɢɹ. ȼ ɭɫɥɨɜɢɹɯ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ, ɛɚɡɢɪɭɸɳɢɟɫɹ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɦɚɥɨɷɮɮɟɤɬɢɜɧɵ ɢ ɡɚɱɚɫɬɭɸ ɩɪɢɜɨɞɹɬ ɤ ɨɲɢɛɨɱɧɵɦ ɫɭɠɞɟɧɢɹɦ. ɇɚ 
ɧɚɲ ɜɡɝɥɹɞ, ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɜ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɜ ɭɫɥɨɜɢɹɯ, ɫɩɨɫɨɛɧɵɯ ɩɪɢɜɨɞɢɬɶ ɤ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɸ ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɟɠɞɭ ɟɝɨ ɪɚɡɥɢɱɧɵɦɢ ɮɨɪɦɚɦɢ [2] (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɟɪɟɯɨɞɟ 
ɨɬ ɝɨɦɨɝɟɧɧɨɝɨ ɤ ɧɚɧɟɫɟɧɧɨɦɭ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɭ ɤɚɬɚɥɢɡɚɬɨɪɚ). Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ 
ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɚɤɬɢɜɧɨɝɨ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɝɨ ɩɪɢɪɨɞɨɣ. ȼ ɫɥɭɱɚɟ ɤɚɬɚɥɢɡɚ ɧɚ ɪɚɫɬɜɨɪɟɧɧɵɯ ɤɨɦɩɥɟɤɫɚɯ 
ɩɚɥɥɚɞɢɹ, ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɧɟ ɞɨɥɠɟɧ ɡɚɜɢɫɟɬɶ ɨɬ ɩɪɢɪɨɞɵ ɢɫɩɨɥɶɡɭɟɦɨɝɨ «ɛɟɡɥɢɝɚɧɞɧɨɝɨ» 
ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɢɡɦɟɧɟɧɢɣ ɜ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɧɚɛɥɸɞɚɬɶɫɹ ɧɟ ɞɨɥɠɧɨ. ȼ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ ɷɬɨɦɭ ɤɚɬɚɥɢɡ ɨɞɧɨɣ ɢɡ ɨɛɪɚɡɭɸɳɢɯɫɹ in situ ɝɟɬɟɪɨɝɟɧɧɵɯ ɮɨɪɦ ɩɚɥɥɚɞɢɹ 
ɩɪɢɜɟɞɟɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ, ɩɨɫɤɨɥɶɤɭ ɪɚɡɦɟɪ ɢ ɮɨɪɦɚ ɨɛɪɚɡɭɸɳɢɯɫɹ 
ɝɟɬɟɪɨɝɟɧɧɵɯ ɱɚɫɬɢɰ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɦɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɪɟɚɤɰɢɹ ɩɪɹɦɨɝɨ ɚɪɢɥɢɪɨɜɚɧɢɹ ɢɧɞɨɥɚ 
ɢɨɞɛɟɧɡɨɥɨɦ (ɪɢɫ.1).  

 
 

Ɋɢɫ.1 ɋɨɱɟɬɚɧɢɟ ɢɧɞɨɥɚ ɫ ɢɨɞɛɟɧɡɨɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɩɚɥɥɚɞɢɹ. 
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ (ɪɢɫ. 1) ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɋ2- ɢ ɋ3-ɡɚɦɟɳɟɧɧɵɯ 
ɮɟɧɢɥɢɧɞɨɥɨɜ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɠɟɥɚɬɟɥɶɧɨ ɢɡɭɱɚɬɶ ɜ ɭɫɥɨɜɢɹɯ ɤɨɧɤɭɪɟɧɬɧɵɯ 
ɪɟɚɤɰɢɣ ɨɞɧɨɬɢɩɧɵɯ ɫɭɛɫɬɪɚɬɨɜ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɜɟɥɢɱɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ 
ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ [2]. Ɉɞɧɚɤɨ, ɜ ɫɥɭɱɚɟ ɨɛɪɚɡɨɜɚɧɢɹ ɞɜɭɯ ɪɟɝɢɨɢɡɨɦɟɪɨɜ ɜ 
ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɨɜ ɩɪɢɦɟɧɟɧɢɟ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɫɭɛɫɬɪɚɬɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ 
ɨɛɪɚɡɨɜɚɧɢɟ ɪɟɝɢɨɢɡɨɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɢɞɟɧɬɢɱɧɵɯ 
ɚɤɬɢɜɧɵɯ ɱɚɫɬɢɰɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɭɱɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɞɜɭɯ ɪɟɝɢɨɢɡɨɦɟɪɨɜ ɫɩɨɫɨɛɧɨ ɞɚɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɢɪɨɞɟ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɱɚɫɬɢɰ. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨ ɋ2- ɢ ɋ3-
ɡɚɦɟɳɟɧɧɵɦ ɩɪɨɞɭɤɬɚɦ ɪɟɚɤɰɢɢ ɫɨɱɟɬɚɧɢɹ ɢɧɞɨɥɚ ɫ ɢɨɞɛɟɧɡɨɥɨɦ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɪɚɫɬɜɨɪɢɦɨɝɨ 
ɯɥɨɪɢɞɚ ɩɚɥɥɚɞɢɹ ɤ ɬɜɟɪɞɨɦɭ Pd/ɋ ɢɡɦɟɧɹɟɬɫɹ ɜ ɫɬɨɪɨɧɭ 3-ɮɟɧɢɥɢɧɞɨɥɚ, ɱɬɨ ɨɞɧɨɡɧɚɱɧɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɭɱɚɫɬɢɟ ɝɟɬɟɪɨɝɟɧɧɵɯ ɮɨɪɦ ɩɚɥɥɚɞɢɹ ɜ ɤɚɬɚɥɢɡɟ. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 
ɪɟɚɤɰɢɢ ɤ ɩɪɢɪɨɞɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɫɧɨɜɚɧɢɹ, ɹɜɥɹɸɳɟɝɨɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɪɟɚɤɰɢɢ 
ɩɪɹɦɨɝɨ ɚɪɢɥɢɪɨɜɚɧɢɹ ɢɧɞɨɥɚ (ɪɢɫ.1). ɉɪɢ ɡɚɦɟɧɟ NaOAc ɧɚ Na2CO3 ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ 
ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɢɡɦɟɧɹɥɚɫɶ ɜ ɫɬɨɪɨɧɭ 3-ɮɟɧɢɥɢɧɞɨɥɚ. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɬ 
ɩɪɢɪɨɞɵ ɨɫɧɨɜɚɧɢɹ ɪɚɧɟɟ ɛɵɥɚ ɬɚɤɠɟ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɜ ɪɚɛɨɬɟ [3] ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜ ɜɨɞɟ. 
Ɉɛɧɚɪɭɠɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɥɨɠɧɨɣ ɪɨɥɢ ɨɫɧɨɜɚɧɢɹ ɜ ɪɟɚɤɰɢɢ 
ɩɪɹɦɨɝɨ ɚɪɢɥɢɪɨɜɚɧɢɹ ɢɧɞɨɥɚ ɢɨɞɛɟɧɡɨɥɨɦ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɇɂɊ ɚɫɩɢɪɚɧɬɚɦɢ ɢ ɦɨɥɨɞɵɦɢ 
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ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɭɥɶɮɨɧɢɥɢɪɨɜɚɧɢɹ ɚɥɤɢɥɛɟɧɡɨɥɨɜ ɚɪɢɥɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɚɦɢ ɜ ɫɪɟɞɟ 1,2-

ɞɢɯɥɨɪɷɬɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɦ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɧɚ ɪɟɚɤɰɢɨɧɧɨɦ ɰɟɧɬɪɟ. Ɍɢɩ 

ɡɚɦɟɫɬɢɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬ ɫɬɚɞɢɸ, ɥɢɦɢɬɢɪɭɸɳɭɸ ɫɤɨɪɨɫɬɶ.  

Selectivity of alkyl benzenes aromatic sulphonilation with aryl sulphonyl chloride in ambience of 1,2-dichloroethane is 

defined by molecular electrostatic potential on reaction centre. The type of the directing group defines the limiting velocity 

stage. 
 

Ɋɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɟɯɚɧɢɡɦɵ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ 
ɦɨɝɭɬ ɛɵɬɶ ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɫɧɨɜɚɧɧɵɦɢ ɧɚ ɩɪɢɥɨɠɟɧɢɢ ɬɟɨɪɢɢ 
DFT ɤ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɬɟɨɪɢɢ ɠɟɫɬɤɢɯ ɢ ɦɹɝɤɢɯ ɤɢɫɥɨɬ ɢ ɨɫɧɨɜɚɧɢɣ [1]. Ⱦɥɹ ɨɩɢɫɚɧɢɹ 
ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɨɥɟɤɭɥ ɦɟɬɨɞɚɦɢ ɤɜɚɧɬɨɜɨɣ ɯɢɦɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ  ɢɯ ɩɚɪɚɦɟɬɪɵ, 
ɧɚɡɵɜɚɟɦɵɟ DFT-ɢɧɞɟɤɫɚɦɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɞɚɥɟɟ – ɂɊɋ), ɜɟɥɢɱɢɧɵ ɤɨɬɨɪɵɯ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɤɚɤ ɚɤɬɢɜɧɨɫɬɶ ɦɨɥɟɤɭɥɵ ɜ ɰɟɥɨɦ, ɬɚɤ ɢ ɚɤɬɢɜɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɪɟɚɤɰɢɨɧɧɵɯ 
ɰɟɧɬɪɨɜ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɥɨɤɚɥɶɧɵɟ ɂɊɋ). Ʉ ɩɨɫɥɟɞɧɢɦ ɨɬɧɨɫɢɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɣ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (Ɇɗɉ) ɧɚ ɪɟɚɤɰɢɨɧɧɨɦ ɰɟɧɬɪɟ (Vesp) (Ⱥɗɉ) [2]. Ⱦɥɹ ɚɧɚɥɢɡɚ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɭɥɶɮɨɧɢɥɢɪɨɜɚɧɢɹ ɷɬɨɬ ɦɟɬɨɞ ɪɚɧɟɟ ɧɟ 
ɩɪɢɦɟɧɹɥɫɹ. 

Ɍɚɛɥɢɰɚ 1 
ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɜ ɡɚɦɟɳɟɧɧɵɯ ɛɟɧɡɨɥɚɯ XPh ɢ ɮɚɤɬɨɪɵ ɩɚɪɰɢɚɥɶɧɵɯ  
ɫɤɨɪɨɫɬɟɣ (F) ɫɭɥɶɮɨɧɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɨɦ (1) ɩɨ ɢɯ ɦɟɬɚ- ɢ ɩɚɪɚ-

ɩɨɥɨɠɟɧɢɹɦ ɜ ɫɪɟɞɟ 1,2-ɞɢɯɥɨɪɷɬɚɧɚ 

X ɜ XPh Vesp(o-) Vesp(m-) Vesp(p-) logF [5] 

H   -14.777105 0.0 

H -14.777077   0.0 

H  -14.777071  0.0 

4-Me   -14.784216 1.4986 

3-Me  -14.7816762  0.4048 

2-Me -14.783624   0.9274 

4-Et   -14.783276 1.4451 

3-Et  -14.780884  0.3850 

2-Et -14.782148   0.5282 

4-i-Pr   -14.783566 1.4242 

3-i-Pr  -14.781507  0.3633 

2-i-Pr -14.782899   0.0170 

4-Cl   -14.760714 -0.5366 

4-Br   -14.767369 -0.7282 

 
Ɋɚɫɱɟɬ ɫɬɪɭɤɬɭɪ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɟɞɟɧ ɩɪɨɝɪɚɦɦɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ADF 2014.04 

[3] ɧɚ ɭɪɨɜɧɟ ɬɟɨɪɢɢ M06/6-311+G* ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ SMD [4] ɞɥɹ ɭɱɟɬɚ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɣ 
ɫɨɥɶɜɚɬɚɰɢɢ ɜ ɫɪɟɞɟ 1,2-ɞɢɯɥɨɪɷɬɚɧɚ, ɤɨɬɨɪɵɣ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɚɜɬɨɪɨɦ [5] ɜ ɤɚɱɟɫɬɜɟ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ ɞɥɹ ɪɟɚɤɰɢɢ (1). Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɯ ɩɪɢ 
ɨɰɟɧɤɟ ɫɜɨɛɨɞɧɵɯ ɷɧɟɪɝɢɣ ɫɨɥɶɜɚɬɚɰɢɢ (ɞɨ 0.6 – 1.0 ɤɤɚɥ/ɦɨɥɶ [6]).  ɉɪɢ ɷɬɨɦ Ɇɗɉ 
ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ ɞɨ ɲɟɫɬɨɝɨ ɡɧɚɤɚ ɩɨɫɥɟ ɬɨɱɤɢ ɩɪɢ ɪɚɫɱɟɬɟ ɢɡ ɪɚɡɥɢɱɧɵɯ ɫɬɚɪɬɨɜɵɯ 
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ɩɪɢɛɥɢɠɟɧɢɣ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɞɨɫɬɢɠɟɧɢɹ ɦɢɧɢɦɭɦɚ. ȼ ɬɨɦ ɱɢɫɥɟ ɢ 
ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɪɢɬɟɪɢɹ ɫɯɨɞɢɦɨɫɬɢ ɩɨ ɷɧɟɪɝɢɢ ɨɬ 10-8 ɞɨ 10-9 a.u.  

 
PhSO2Cl  + XPh  →  PhSO2PhX  +  HCl (1) 

 
ɉɪɢ ɷɬɨɦ ɡɚɜɢɫɢɦɨɫɬɶ ɮɚɤɬɨɪɨɜ ɩɚɪɰɢɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ (Ɏɉɋ) ɫɭɥɶɮɨɧɢɥɢɪɨɜɚɧɢɹ (1) 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ PhSO2Cl ɜ ɫɪɟɞɟ 1,2-ɞɢɯɥɨɪɷɬɚɧɚ ɧɟɥɢɧɟɣɧɚ ɫ ɦɢɧɢɦɭɦɨɦ, 
ɧɚɛɥɸɞɚɸɳɢɦɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɞɨɧɨɪɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ (ɚɥɤɢɥɶɧɵɯ ɝɪɭɩɩ) ɤ ɚɤɰɟɩɬɨɪɧɵɦ 
(ɝɚɥɨɝɟɧɚɦ) (ɪɢɫ. 1), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɬɚɞɢɢ, ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ, 
ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɡɦɚ SEi.  

ɉɪɢ ɷɬɨɦ ɞɥɹ ɡɚɦɟɫɬɢɬɟɥɟɣ - ɞɨɧɨɪɨɜ ɨɩɪɟɞɟɥɹɸɳɢɦ ɹɜɥɹɟɬɫɹ ɚɧɢɨɧɨɢɞɧɵɣ ɨɬɪɵɜ ɭɯɨɞɹɳɟɣ 
ɝɪɭɩɩɵ – ɯɥɨɪɢɞ-ɚɧɢɨɧɚ, ɚ ɞɥɹ ɚɤɰɟɩɬɨɪɨɜ - ɧɭɤɥɟɨɮɢɥɶɧɚɹ  ɚɬɚɤɚ. ɇɚ ɷɬɨ ɭɤɚɡɵɜɚɟɬ ɬɪɟɧɞ  
ɡɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫ. 1 - ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɞɥɹ ɡɚɦɟɫɬɢɬɟɥɟɣ-ɞɨɧɨɪɨɜ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɞɥɹ 
ɡɚɦɟɫɬɢɬɟɥɟɣ-ɚɤɰɟɩɬɨɪɨɜ (ɫɭɦɦɚɪɧɨ V-ɨɛɪɚɡɧɵɣ). Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɜɵɜɨɞɨɦ 
ɚɜɬɨɪɚ ɪɚɛɨɬɵ [5], ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɞɚɧɧɵɯ ɩɨ ɤɢɧɟɬɢɱɟɫɤɨɦɭ ɢɡɨɬɨɩɧɨɦɭ ɷɮɮɟɤɬɭ (Ʉɂɗ) 
ɝɟɤɫɚɞɟɣɬɟɪɨɛɟɧɡɨɥɚ ɜ ɟɝɨ ɪɟɚɤɰɢɢ ɫ PhSO2Cl. Ɉɞɧɚɤɨ, ɭɜɟɥɢɱɟɧɢɟ Ʉɂɗ ɩɪɢ ɫɦɟɧɟ PhSO2Cl 
(1.87±0.03) ɧɚ PhSO2F (2.27±0.04) ɩɪɨɬɢɜɨɪɟɱɢɬ ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɨɛ ɨɬɪɵɜɟ ɝɚɥɨɝɟɧɢɞ-ɚɧɢɨɧɚ 
ɩɪɨɬɨɧɨɦ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ [5] ɩɨɫɤɨɥɶɤɭ ɮɬɨɪɢɞ-ɚɧɢɨɧ – ɠɟɫɬɤɚɹ ɱɚɫɬɢɰɚ ɢ ɩɥɨɯɚɹ 
ɭɯɨɞɹɳɚɹ ɝɪɭɩɩɚ ɢ ɥɭɱɲɟ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɩɪɨɬɨɧɨɦ, ɱɟɦ Cl-. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɥɶɤɨ PhSO2Cl ɤɚɤ ɪɟɚɝɟɧɬɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ Ʉɂɗ, ɩɨɫɤɨɥɶɤɭ ɢɡɦɟɧɟɧɢɟ 
ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɟ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɢ ɜɟɥɢɱɢɧɭ Ʉɂɗ. 

ɋɪɟɞɚ 1,2-ɞɢɯɥɨɪɷɬɚɧɚ ɫ ɟɝɨ ɦɚɥɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɫɬɨɹɧɧɨɣ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɢɬ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɨɝɨ ɰɢɤɥɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɢ ɷɬɨɦ ɧɭɤɥɟɨɮɢɥɶɧɚɹ ɚɬɚɤɚ 
ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɚ ɚɬɨɦ ɫɭɥɶɮɨɧɢɥɶɧɨɣ ɫɟɪɵ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɟɪɟɞɚɱɟɣ ɩɪɨɬɨɧɚ ɢɡ σ-
ɤɨɦɩɥɟɤɫɚ ɧɚ ɯɥɨɪɢɞ-ɚɧɢɨɧ, ɤɨɬɨɪɵɣ ɩɨɫɬɚɜɥɹɟɬɫɹ ɞɢɦɟɪɨɦ Al2Cl6 ɢɥɢ, ɱɬɨ ɦɟɧɟɟ ɜɟɪɨɹɬɧɨ, 
ɦɨɧɨɦɟɪɨɦ AlCl3. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɭɯɨɞɹɳɢɣ ɢɡ ɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɚ ɯɥɨɪɢɞ-ɚɧɢɨɧ ɩɨɝɥɨɳɚɟɬɫɹ 
ɯɥɨɪɢɞɨɦ ɚɥɸɦɢɧɢɹ. ɂɡɦɟɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɷɬɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɫɨɝɥɚɫɨɜɚɧɧɨɦ, ɧɨ 
ɧɟɫɢɧɯɪɨɧɧɨɦ [7] ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɩɪɟɞɟɥɹɟɬ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɦɟɯɚɧɢɡɦɚ ɢ ɧɟɥɢɧɟɣɧɨɫɬɶ 
ɡɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫ. 1. 
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Ɋɢɫ. 1. Ɏɚɤɬɨɪɵ ɩɚɪɰɢɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɫɭɥɶɮɨɧɢɥɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ  

ɤɚɤ ɮɭɧɤɰɢɹ Ⱥɗɉ ɪɟɚɤɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ (ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ). 
 

Ⱥɗɉ ɞɥɹ ɦɟɬɚ- ɢ ɩɚɪɚ-ɩɨɥɨɠɟɧɢɣ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɷɥɟɤɬɪɨɧɧɵɯ 
ɷɮɮɟɤɬɨɜ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ (2): 

 
Vesp(ɦɟɬɚ-, ɩɚɪɚ-X) = (-14.770 ± 0.001) + (0.044 ± 0.003)*σ(X), R = 0.954, SD = 0.0043, N = 32, P = 10-4     (2) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ Ⱥɗɉ ɧɚ ɪɟɚɤɰɢɨɧɧɨɦ ɰɟɧɬɪɟ – ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ 
ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ɭɝɥɟɜɨɞɨɪɨɞɚ) ɜ ɤɚɱɟɫɬɜɟ ɞɟɫɤɪɢɩɬɨɪɚ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ – 

ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɭɥɶɮɨɧɢɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɧɚɛɥɸɞɚɟɦɨɝɨ Ʉɂɗ ɢ ɬɨɪɦɨɠɟɧɢɹ ɪɟɚɤɰɢɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɫɭɥɶɮɨɧɢɥɮɬɨɪɢɞɚɦ.  

Ⱥɧɚɥɨɝɢɱɧɵɣ ɩɨɞɯɨɞ ɧɚ ɨɫɧɨɜɟ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɢɧɞɟɤɫɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɛɵɥ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɚɧɚɥɢɡɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɰɟɬɚɧɢɥɢɞɨɜ ɩɪɢ ɝɢɞɪɨɥɢɡɟ [8], 
ɬɟɬɪɚɡɚɩɨɪɮɢɧɚ ɩɪɢ ɛɪɨɦɢɪɨɜɚɧɢɢ [9], ɤɢɫɥɨɬɧɨɣ ɞɢɫɫɨɰɢɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɭɥɶɮɨɤɢɫɥɨɬ [10], 
ɮɟɧɷɬɢɥɛɪɨɦɢɞɨɜ ɜ SN-ɪɟɚɤɰɢɹɯ [11], ɚɪɢɥɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɨɜ ɜ SNS-ɪɟɚɤɰɢɹɯ [12], 
ɩɨɥɢɦɟɬɢɥɛɟɧɡɨɥɨɜ ɜ ɪɟɚɤɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɛɪɨɦɢɪɨɜɚɧɢɹ [13], ɩɪɢ ɞɢɚɝɧɨɫɬɢɤɟ ɦɟɯɚɧɢɡɦɚ 
ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨɞɟɯɥɨɪɢɪɨɜɚɧɢɹ [14]. Ɉɛɡɨɪ ɩɨ ɧɟɤɨɬɨɪɵɦ ɚɫɩɟɤɬɚɦ ɩɪɢɥɨɠɟɧɢɹ ɷɬɨɝɨ 
ɩɨɞɯɨɞɚ ɫɦ. [15].   
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Cɮɨɪɦɢɪɨɜɚɧɵ ɦɢɰɟɥɥɹɪɧɵɟ ɢ ɦɢɤɪɨɷɦɭɥɶɫɢɨɧɧɵɟ ɧɚɧɨɤɨɧɬɟɣɧɟɪɵ ɧɚ ɨɫɧɨɜɟ ɧɟɢɨɧɧɵɯ, ɦɨɧɨ- ɢ ɞɢɤɚɬɢɨɧɧɵɯ 

ɉȺȼ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɧɨɜɵɯ ɯɢɧɨɤɫɚɥɢɧɨɧɨɜ - ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ-

ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

Micellar and microemulsion nanocontainers based on nonionic, mono- and dicationic surfactants have been formed, 

which significantly increase the solubility of new quinoxalinones, potential biologically active compounds. 

 
ȼɚɠɧɟɣɲɢɦ ɫɜɨɣɫɬɜɨɦ ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɉȺȼ ɹɜɥɹɟɬɫɹ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ 

ɜɵɫɬɭɩɚɬɶ ɜ ɪɨɥɢ ɧɚɧɨɤɨɧɬɟɣɧɟɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɦɦɨɛɢɥɢɡɨɜɚɬɶ ɰɟɥɟɜɨɟ ɨɪɝɚɧɢɱɟɫɤɨɟ 
ɫɨɟɞɢɧɟɧɢɟ ɢ ɡɚɬɟɦ ɨɛɟɫɩɟɱɢɬɶ ɟɝɨ ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɜɵɯɨɞ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɫɜɨɣɫɬɜɚ 
ɫɮɨɪɦɢɪɨɜɚɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢ-
ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ. 

Ƚɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɯɢɧɨɤɫɚɥɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɨɞɧɚɤɨ ɢɯ ɢɫɩɵɬɚɧɢɟ ɢ 
ɩɪɢɦɟɧɟɧɢɟ ɡɚɱɚɫɬɭɸ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɧɢɡɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɜɨɞɟ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 
ɦɢɰɟɥɥɹɪɧɵɟ ɫɢɫɬɟɦɵ ɢ ɦɢɤɪɨɷɦɭɥɶɫɢɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɧɚɧɨɤɨɧɬɟɣɧɟɪɨɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɭɜɟɥɢɱɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɨɜɵɯ ɯɢɧɨɤɫɚɥɢɧɨɧɨɜ 1-5 (ɪɢɫ.1). 

 

  
 

1 2 3 
 

  
     

4 5 
Ɋɢɫ.1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɯɢɧɨɤɫɚɥɢɧɨɧɨɜ 

 

Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɤɨɧɬɟɣɧɟɪɨɜ ɩɪɢɜɥɟɱɟɧɵ ɧɟɢɨɧɧɵɟ ɚɦɮɢɮɢɥɵ, ɪɚɡɪɟɲɟɧɧɵɟ ɤ 
ɩɪɢɦɟɧɟɧɢɸ ɜ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ (Ɍɜɢɧ-80, ɉɥɸɪɨɧɢɤ F127, Ɍɢɥɨɤɫɚɩɨɥ), ɚ ɬɚɤɠɟ 
ɦɨɧɨ- ɢ ɞɢɤɚɬɢɨɧɧɵɟ ɉȺȼ, ɷɮɮɟɤɬɢɜɧɵɟ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ 
ɩɪɨɜɟɞɟɧɚ ɚɞɚɩɬɚɰɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 
ɤɨɧɬɪɨɥɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ ɯɢɧɨɤɫɚɥɢɧɨɧɨɜ ɜ 
ɪɚɫɬɜɨɪɚɯ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɨɬɟɪɦ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ 
ɢɡɦɟɧɟɧɢɹ ɩɪɢɪɨɞɵ ɉȺȼ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɦɨɪɮɨɥɨɝɢɢ ɫɢɫɬɟɦ, ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ 
ɫɨɥɸɛɢɥɢɡɚɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ. ɍɫɬɚɧɨɜɥɟɧɚ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɢɰɟɥɥɹɪɧɵɯ 
ɧɚɧɨɤɨɧɬɟɣɧɟɪɨɜ ɧɚ ɨɫɧɨɜɟ Ɍɜɢɧ-80, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
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ɬɟɫɬɢɪɭɟɦɵɯ ɯɢɧɨɤɫɚɥɢɧɨɧɨɜ ɨɬ 5 ɞɨ 20 ɪɚɡ. Ɇɢɤɪɨɷɦɭɥɶɫɢɢ ɩɪɨɹɜɥɹɸɬ ɟɳɟ ɛɨɥɟɟ ɜɵɫɨɤɢɣ 
ɷɮɮɟɤɬ, ɱɟɦ ɦɢɰɟɥɥɹɪɧɵɟ ɫɢɫɬɟɦɵ, ɨɞɧɚɤɨ ɩɪɢɫɭɬɫɬɜɢɟ ɛɭɬɚɧɨɥɚ ɜ ɤɚɱɟɫɬɜɟ ɫɨ-ɉȺȼ 
ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ ɩɪɢɦɟɧɟɧɢɟ in vivo. ɋɞɟɥɚɧɵ ɡɚɤɥɸɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɯɚɧɢɡɦɨɜ 
ɫɨɥɸɛɢɥɢɡɚɰɢɢ, ɜɵɹɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɨɞɛɨɪ 
ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɞɨɫɬɚɜɤɢ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ № 14-

23-00073). 
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ɍȾɄ 547.541.513:544.433.22536.581:544.362.4:544.183.25 

 

ȽɂȾɊɈɅɂɁ ȺɊɂɅɋɍɅɖɎɈɇɂɅɏɅɈɊɂȾɈȼ  ɄȺɄ ɎɍɇɄɐɂə  
ɄȼȺɇɌɈȼɈ-ɏɂɆɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ ɊȿȺɄɐɂɈɇɇɈȽɈ ɐȿɇɌɊȺ 

 
Ⱥ.ɂ. Ɇɨɪɚɪɶ, ȿ.ɇ. Ʉɪɵɥɨɜ   

ɂɜɚɧɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 153025 ɂɜɚɧɨɜɨ, ɭɥ. ȿɪɦɚɤɚ, 39. 

e-mail: Enk2000S@yandex.ru 

 
Ʉɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ ɢɧɞɟɤɫɵ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɥɨɤɚɥɶɧɚɹ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ ɤɚɤ ɷɥɟɤɬɪɨɧɨɟɦɤɨɫɬɶ 

ɢ ɦɨɥɟɤɭɥɹɪɧɵɣ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɧɚ ɚɬɨɦɟ ɫɭɥɶɮɨɧɢɥɶɧɨɣ ɫɟɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɭɞɨɛɧɵɟ 
ɞɟɫɤɪɢɩɬɨɪɵ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɪɢɥɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɟ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ ɢɡɦɟɪɟɧɢɹ 
ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ ɢɯ ɝɢɞɪɨɥɢɡɚ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɚɞɢɢ, ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɤɨɪɨɫɬɶ. 

Quantum-chemical indexes of reaction ability (local electrophilicity and molecular electrostatic potential on atom 

sulphonyl sulphur) present itself suitable descriptors of the reaction ability of aryl sulphonyl chlorides allowing diagnose the 

measurements of the mechanism of their hydrolysis reaction by determinations to stage limiting velocity. 

 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɨɪɢɹ 
ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɢɧɞɟɤɫɨɜ (ɂɊɋ) [1], ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɬɟɨɪɢɢ ɀɆɄɈ ɢ DFT [2]. ɗɥɟɤɬɪɨɧɧɵɣ 
ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (ȝ), ɠɟɫɬɤɨɫɬɶ (Ș), ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ (ω) ɜ ɝɥɨɛɚɥɶɧɨɦ ɜɚɪɢɚɧɬɟ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɨɥɟɤɭɥɵ ɤɚɤ ɰɟɥɨɝɨ [3], ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɯ ɥɨɤɚɥɶɧɵɟ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ [ω(ɥɨɤ)] ɢ ɮɭɧɤɰɢɹ Ɏɭɤɭɢ (FF) ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɤɰɢɨɧɧɵɯ 
ɰɟɧɬɪɨɜ, ɬɚɤɠɟ ɤɚɤ ɢ ɦɨɥɟɤɭɥɹɪɧɵɣ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɧɚ ɚɬɨɦɚɯ (Ⱥɗɉ) Vesp [4]. 
Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɬɚɤɢɯ ɂɊɋ ɹɜɥɹɟɬɫɹ ɢɯ ɞɢɧɚɦɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ [5].  

Ɇɨɞɟɥɶɧɚɹ ɪɟɚɤɰɢɹ ɝɢɞɪɨɥɢɡɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɨɜ (ArSO2Cl) ɢɞɟɬ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ (1) (ɝɞɟ X – ɡɚɦɟɫɬɢɬɟɥɶ ɜ ɤɨɥɶɰɟ).  

 
XPhSO2Cl  +  HOH  →  XPhSO2OH  +  HCl   (1) 

 
ɉɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɦɟɯɚɧɢɡɦɚɦɢ SN1, SN2 ɢ SAN, ɚ 

ɬɚɤɠɟ ɫɨɨɬɧɨɲɟɧɢɢ ɫɬɟɩɟɧɢ ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɢ ɫɟɪɚ-ɧɭɤɥɟɨɮɢɥ ɢ ɪɚɡɪɵɜɚ ɫɜɹɡɢ ɫɟɪɚ-ɯɥɨɪ [6].  
 

Ɍɚɛɥɢɰɚ 1. 
Ɂɚɪɹɞɵ ɧɚ ɚɬɨɦɟ ɫɟɪɵ (Q, e), ɮɭɧɤɰɢɢ Ɏɭɤɭɢ (FF, e), ɷɧɟɪɝɢɢ ɝɪɚɧɢɱɧɵɯ ɨɪɛɢɬɚɥɟɣ 

(E – Hartreee) ɢ Ⱥɗɉ ɞɥɹ ɚɬɨɦɚ S  ɜ ɦɨɥɟɤɭɥɚɯ XPhSO2Cl. Vesp(S),a.u. – ɚɬɨɦɧɵɣ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 

X Q(S)0 Q(S)- FF(S) E(HOMO) E(LUMO) Vesp(S),a.u. 

H 0.4835 0.3232 0.1603 -0.29265 -0.09212 -58.997042 

4-Me 0.4807 0.3209 0.1598 -0.28536 -0.0908 -59.001767 

4-MeO 0.4774 0.3195 0.1579 -0.26739 -0.08972 -59.004115 

3-NO2 0.4927 0.4816 0.0111 -0.31197 -0.11414 -58.971602 

4-NO2 0.494 0.4539 0.0401 -0.30835 -0.12220 -58.968729 

4-F 0.4853 0.3241 0.1612 -0.29594 -0.09239 -58.988317 

4-Br 0.4871 0.3254 0.1617 -0.28451 -0.09483 -58.986666 

4-CN 0.4913 0.3287 0.1626 -0.30517 -0.10254 -58.973699 

3,4-Cl2 0.4908 0.3407 0.1501 -0.28671 -0.09695 -58.979064 

3-Br 0.4889 0.3271 0.1618 -0.28037 -0.09516 -58.986784 

3-Cl 0.4885 0.3267 0.1618 -0.28404 -0.09492 -58.986669 

4-Cl 0.4866 0.3251 0.1615 -0.28878 -0.09428 -58.98711 

 
ȼɫɟ ɩɚɪɚɦɟɬɪɵ ɫɬɪɭɤɬɭɪ ɦɨɥɟɤɭɥ ɡɚɦɟɳɟɧɧɵɯ ArSO2Cl ɩɪɨɜɟɞɟɧɵ ɩɪɨɝɪɚɦɦɧɵɦ ɤɨɦɩɥɟɤɫɨɦ 

ADF2014 [7] (DFT M06/6-311++G**, ɡɚɪɹɞɵ ɜ ɫɯɟɦɟ ɏɢɪɲɮɟɥɶɞɚ, ɭɱɟɬ ɜɥɢɹɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
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ɪɚɦɤɚɯ ɦɟɬɨɞɚ SMD). Ɏɭɧɤɰɢɹ Ɏɭɤɭɢ (FF) (ɬɚɛɥ. 1) ɨɩɪɟɞɟɥɟɧɚ ɞɥɹ ɚɬɨɦɚ S(VI) ɤɚɤ ɪɚɡɧɨɫɬɶ 
ɡɚɪɹɞɨɜ Q(S) ɜ ɧɟɣɬɪɚɥɶɧɨɣ [Q(S)0] ɢ ɚɧɢɨɧɧɨɣ [Q(S)-] ɮɨɪɦɚɯ [1]: FF = Q(S)0 - Q(S)-. Ʉɨɧɫɬɚɧɬɵ 
ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɥɢɡɚ ArSO2Cl ɜ 1% ɜɨɞɧɨɦ ɞɢɨɤɫɚɧɟ ɩɨɥɭɱɟɧɵ ɜ ɪɚɛɨɬɟ [8]. ɂɊɋ (ɬɚɛɥ. 2) 
ɨɩɪɟɞɟɥɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [1] ɩɨ ɫɨɨɬɧɨɲɟɧɢɹɦ (2 – 5) ɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.: ȝ = 
0.5*[E(HOMO + E(LUMO)] (2), Ș = 0.5*[E(LUMO) – E(HOMO)]  (3), ω = ȝ2/2Ș  (4), ω(ɥɨɤ) = FF*ω  
(5). 

Ɍɚɛɥɢɰɚ 2 
Ƚɥɨɛɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ȝ, Ș, ω ɢ ɥɨɤɚɥɶɧɚɹ ω(ɥɨɤ) ɞɥɹ XPhSO2Cl.  ȼɫɟ ɜɟɥɢɱɢɧɵ ɜ eV. 
N X ȝ Ș ω ω(ɥɨɤ) logKhydr [8] 

1 H -5.235 2.728 5.022 0.805 -2.53 

2 4-Me -5.118 2.647 4.948 0.791 -2.49 

3 4-MeO -4.859 2.417 4.883 0.771 -2.18 

4 3-NO2 -5.798 2.692 6.244 0.069 -2.90 

5 4-NO2 -5.858 2.532 6.775 0.272 -2.62 

6 4-F -5.284 2.769 5.040 0.812 -2.77 

7 4-Br -5.161 2.581 5.161 0.835 -2.67 

8 4-CN -5.547 2.757 5.581 0.907 -2.68 

9 3,4-Cl2 -5.220 2.582 5.277 0.792 -2.83 

10 3-Br -5.109 2.520 5.180 0.838 -2.72 

11 3-Cl -5.156 2.573 5.166 0.836 -2.78 

12 4-Cl -5.212 2.646 5.132 0.829 -2.69 
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Ɋɢɫ. 1. Ƚɢɞɪɨɥɢɡ ArSO2Cl ɤɚɤ ɮɭɧɤɰɢɹ Vesp(S) ɧɚ ɪɟɚɤɰɢɨɧɧɨɦ ɰɟɧɬɪɟ (ɫɭɥɶɮɨɧɢɥɶɧɵɣ ɚɬɨɦ S). 

 
ɉɨɫɤɨɥɶɤɭ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɟɧ ɚɬɨɦɧɵɣ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ 

ɩɨɬɟɧɰɢɚɥ, ɜɟɪɨɹɬɧɨ, ɱɬɨ ɫɬɚɞɢɟɣ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɫɤɨɪɨɫɬɶ, ɹɜɥɹɟɬɫɹ ɧɟ ɧɭɤɥɟɨɮɢɥɶɧɚɹ ɚɬɚɤɚ (ɜ 
ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɬɪɟɧɞ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫ. 1 ɛɵɥ ɛɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ), ɚ ɚɧɢɨɧɨɢɞɧɵɣ 
ɨɬɪɵɜ ɭɯɨɞɹщɟɣ ɝɪɭɩɩɵ, ɜɟɪɨɹɬɧɨ, ɜ ɰɢɤɥɢɱɟɫɤɨɦ (ɫɨɝɥɚɫɨɜɚɧɧɨɦ) ɧɟɫɢɧɯɪɨɧɧɨɦ 
ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ [10]. 

ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɷɬɨɦɭ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɬɪɟɧɞ ɡɚɜɢɫɢɦɨɫɬɢ ɥɨɝɚɪɢɮɦɚ 
ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɨɬ ɥɨɤɚɥɶɧɨɣ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ ɪɟɚɤɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ (ɞɥɹ ɡɚɦɟɫɬɢɬɟɥɟɣ-
ɞɨɧɨɪɨɜ). Ⱦɥɹ ɡɚɦɟɫɬɢɬɟɥɟɣ-ɚɤɰɟɩɬɨɪɨɜ ɬɪɟɧɞ, ɧɚɩɪɨɬɢɜ, ɩɨɥɨɠɢɬɟɥɟɧ (ɪɢɫ. 2), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɪɟɚɤɰɢɢ ɫ ɧɟɫɬɚɛɢɥɶɧɵɦ ɦɟɯɚɧɢɡɦɨɦ.  ɋɬɚɞɢɟɣ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɫɤɨɪɨɫɬɶ ɜ ɫɥɭɱɚɟ ɡɚɦɟɫɬɢɬɟɥɟɣ-
ɚɤɰɟɩɬɨɪɨɜ, ɹɜɥɹɟɬɫɹ ɧɭɤɥɟɨɮɢɥɶɧɚɹ ɚɬɚɤɚ, ɩɨɫɤɨɥɶɤɭ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ ɫɭɛɫɬɪɚɬɚ 
ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɚɧɢɨɧɨɢɞɧɨɝɨ ɨɬɪɵɜɚ [9], ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɜɚɹ ɜɟɪɨɹɬɧɨɫɬɶ 



ȻɒɄɏ – 2017                                                                                                ɋɟɤɰɢɹ 3. Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ 

 246 

ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɢɡɢɱɟɫɤɢɦ ɫɦɵɫɥɨɦ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ ɤɚɤ 
ɷɥɟɤɬɪɨɧɨɟɦɤɨɫɬɢ. 
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Ɋɢɫ. 2. Ƚɢɞɪɨɥɢɡ ArSO2Cl ɤɚɤ ɮɭɧɤɰɢɹ ɥɨɤɚɥɶɧɨɣ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɢ ω(ɥɨɤ) ɪɟɚɤɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ (S) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɡɨɦɟɪɧɵɯ 
ɹɞɟɪɧɨɡɚɦɟщɟɧɧɵɯ ArSO2Cl ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ (1) ɜ 1% ɜɨɞɧɨɦ ɞɢɨɤɫɚɧɟ ɧɚ ɨɫɧɨɜɟ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɬɟɨɪɢɢ ɀɆɄɈ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɚɧɢɨɧɨɢɞɧɨɦ ɨɬɪɵɜɟ 
ɭɯɨɞɹщɟɣ ɝɪɭɩɩɵ (Cl-) ɤɚɤ ɫɬɚɞɢɢ, ɥɢɦɢɬɢɪɭɸщɟɣ ɫɤɨɪɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 
ɩɨɡɜɨɥɹɟɬ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɚɦɟɫɬɢɬɟɥɟɣ ɧɚ 
ɚɤɰɟɩɬɨɪɵ. 
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ La2Mo2O9 ɩɨɫɪɟɞɫɬɜɨɦ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɢ 

ɝɨɦɨɝɟɧɧɨɝɨ ɞɨɩɢɪɨɜɚɧɢɹ. Ɏɚɡɵ La2Mo2O9 (LM), La2Mo1,5W0,5O9 (LMW), La1,9Ba0,1Mo1,5W0,5O9 (LBMW) ɢ 
La2Mo1,4Nb0,1W0,5O9 (LMNW), ɬɚɤɠɟ ɤɚɤ ɤɨɦɩɨɡɢɬɵ {(100-y)La2Mo2-xTixO9-δ-yTiO2} (LM-yTi) ɢ {(100-y)La2Mo1,5-

xTixW0,5O9-δ-yTiO2} (LMW-yTi) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɜɟɪɞɨɮɚɡɧɵɦ ɦɟɬɨɞɨɦ. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɦɟɬɨɞɨɦ 
ɊɎȺ. Ɇɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

The aim of work is to enhance ionic conductivity of the La2Mo2O9 by heterogeneous and homogeneous doping. The 

phases La2Mo2O9 (LM), La2Mo1,5W0,5O9 (LMW), La1,9Ba0,1Mo1,5W0,5O9 (LBMW) and La2Mo1,4Nb0,1W0,5O9 (LMNW) as well as 

composites {(100-y)La2Mo2-xTixO9-δ-yTiO2} (LM-yTi) and {(100-y)La2Mo1,5-xTixW0,5O9-δ-yTiO2} (LMW-yTi) were obtained by 

solid phase synthesis. Phase composition was checked by X-ray diffraction analysis. Electrical properties were examined by 

impedance spectroscopy. 

 

Ɇɨɥɢɛɞɚɬ ɥɚɧɬɚɧɚ La2Mo2O9 ɢɡɜɟɫɬɟɧ ɤɚɤ ɪɨɞɨɧɚɱɚɥɶɧɢɤ ɫɟɦɟɣɫɬɜɚ ɤɢɫɥɨɪɨɞ-ɢɨɧɧɵɯ 
ɩɪɨɜɨɞɧɢɤɨɜ LAMOX, ɩɪɨɹɜɥɹɸɳɢɣ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 500-800 ºC. ɉɪɢ 800 ºC ɡɧɚɱɟɧɢɹ ɞɨɫɬɢɝɚɸɬ 6×10-2 Ɉɦ-1ɫɦ-1, ɱɬɨ ɫɨɩɨɫɬɚɜɢɦɨ ɫ 
ɜɟɥɢɱɢɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɥɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ. ɋɬɪɭɤɬɭɪɧɵɣ ɩɟɪɟɯɨɞ α-
La2Mo2O9↔ȕ-La2Mo2O9 (~580 ºC) ɩɨɞɚɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɦɟɳɟɧɢɹ ɱɚɫɬɢ Mo, ɧɚɩɪɢɦɟɪ, ɧɚ 
W. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɜɵɫɨɤɨɫɢɦɦɟɬɪɢɱɧɚɹ ȕ-ɮɚɡɚ, 
ɤɢɫɥɨɪɨɞɧɵɣ ɬɪɚɧɫɩɨɪɬ ɜ ɤɨɬɨɪɨɣ ɨɛɥɟɝɱɟɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ α-ɮɚɡɨɣ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɮɚɡ ɫɟɦɟɣɫɬɜɚ LAMOX ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɤɢɫɥɨɪɨɞ-ɢɨɧɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɞɥɹ 
ɬɜɟɪɞɨɨɤɫɢɞɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɫɪɟɞɧɟɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ (500-700 
ºC). 

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
-7.0

-6.5

-6.0

-5.5

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

520
ɨС

1000/Т, 1/К

lg
объем

 LM

 LM-0.5Ti

 LM-5Ti

 LM-10Ti

 LM-15Ti

 LM-20Ti

ɮɚзɨɜый
ɩɟɪɟɯɨɞ

570
ɨС

(ɚ)
0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

1000/Т, 1/К

lg
объем

 LMW

 LMW-0.5Ti

 LMW-5Ti

 LMW-10Ti

(ɛ)
 

Ɋɢɫ.1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɴɟɦɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɨɦɩɨɡɢɬɧɵɯ ɫɢɫɬɟɦ LM-yTi (ɚ)  
ɢ LMW-yTi (ɛ). ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɦɟɪɹɥɚɫɶ ɜ ɋɦ/ɫɦ 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɛɵɥɨ 

ɩɪɨɜɟɞɟɧɨ ɝɨɦɨɝɟɧɧɨɟ ɞɨɩɢɪɨɜɚɧɢɟ La2Mo2O9 (ɝɟɬɟɪɨɜɚɥɟɧɬɧɨɟ ɡɚɦɟɳɟɧɢɟ La3+ ɢ Mo6+ ɧɚ 
ɤɚɬɢɨɧɵ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɫɬɟɩɟɧɶɸ ɨɤɢɫɥɟɧɢɹ – Ba2+ ɢ Ti4+, Nb5+, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢ ɝɟɬɟɪɨɝɟɧɧɨɟ 
ɞɨɩɢɪɨɜɚɧɢɟ La2Mo2O9 ɞɢɨɤɫɢɞɨɦ ɬɢɬɚɧɚ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɞɢɫɩɟɪɫɧɨɫɬɢ. Ɍɜɟɪɞɨɮɚɡɧɵɦ 
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ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɵ ɮɚɡɵ La2Mo2O9 (LM), La2Mo1,5W0,5O9 (LMW), La1,9Ba0,1Mo1,5W0,5O9 (LBMW) ɢ 
La2Mo1,4Nb0,1W0,5O9 (LMNW), ɚ ɬɚɤɠɟ ɤɨɦɩɨɡɢɬɵ ɫɨɫɬɚɜɨɜ {(100-y)La2Mo2-xTixO9-į-yTiO2} (LM-
yTi) ɢ {(100-y)La2Mo1,5-xTixW0,5O9-į-yTiO2} (LMW-yTi). Ɇɟɬɨɞɨɦ ɊɎȺ ɭɫɬɚɧɨɜɥɟɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ 
ɩɪɨɞɭɤɬɨɜ, ɨɛɥɚɫɬɶ ɝɨɦɨɝɟɧɧɨɫɬɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ La2Mo2-xTixO9 (x=0-0,075) ɫɨɝɥɚɫɭɟɬɫɹ ɫ 
ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ [1], ɩɪɢ x>0,075 ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ ɨɛɧɚɪɭɠɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɮɥɟɤɫɵ, 
ɨɬɧɨɫɹɳɢɟɫɹ ɤ TiO2. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɞɨɛɚɜɥɟɧɢɟ ɤ ɨɫɧɨɜɧɨɣ ɮɚɡɟ 
ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ TiO2 (S=57 ɦ2/ɝ) ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɨɦɩɨɡɢɬɧɵɯ ɫɢɫɬɟɦ 
LM-yTi ɢ LMW-yTi ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ (<520 ºC) ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ ɩɨɪɹɞɨɤ 
ɜɟɥɢɱɢɧɵ (ɪɢɫ.1), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ ɤɨɦɩɨɡɢɬɧɨɝɨ ɷɮɮɟɤɬɚ. 

ɂɡɦɟɧɟɧɢɟ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɜ ɚɬɦɨɫɮɟɪɟ (PH2O=3×10-2-1×10-4 ɚɬɦ) ɧɟ ɨɤɚɡɵɜɚɥɨ 
ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɜɨɞɢɦɨɫɬɶ LM ɢ LMW. Ɉɛɴɟɦɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ LBMW ɢ LMNW ɨɞɢɧɚɤɨɜɚ ɢ 
ɩɪɢɦɟɪɧɨ ɧɚ ɩɨɥɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ ɜɵɲɟ ɩɪɨɜɨɞɢɦɨɫɬɢ LMW ɩɪɢ T>600 ºC. ɂɨɧɧɵɣ ɬɢɩ 
ɩɪɨɜɨɞɢɦɨɫɬɢ LɆ ɢ ɤɨɦɩɨɡɢɬɨɜ LM-yTi ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɩɚɪɰɢɚɥɶɧɵɯ 
ɞɚɜɥɟɧɢɣ ɤɢɫɥɨɪɨɞɚ PɈ2: ɨɬ 10-17 ɞɨ 10-3 ɚɬɦ, ɩɪɢ PɈ2<10-17 ɚɬɦ ɩɨɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɧɵɣ ɜɤɥɚɞ, 
ɩɪɢ PɈ2>10-3 ɚɬɦ – ɞɵɪɨɱɧɵɣ (ɪɢɫ.2). 
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Ɋɢɫ.2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɳɟɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ LM-20Ti ɨɬ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɤɢɫɥɨɪɨɞɚ PɈ2. ɉɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɨɛɨɡɧɚɱɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɬɚɧɝɟɧɫɵ ɭɝɥɚ ɧɚɤɥɨɧɚ ɩɪɹɦɨɣ ɞɥɹ 
ɷɥɟɤɬɪɨɧɧɨɣ (-1/4) ɢ ɞɵɪɨɱɧɨɣ (1/4) ɩɪɨɜɨɞɢɦɨɫɬɢ. ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɦɟɪɹɥɚɫɶ ɜ ɋɦ/ɫɦ,  

ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ – ɜ ɚɬɦ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ Ɇɢɧɨɛɪɧɚɭɤɢ ɊɎ. 
 

Ʌɢɬɟɪɚɬɭɪɚ  
1. Electrical conductivity and phase transition of solid oxide fuel cell electrolyte La2Mo2-xTixO9-į ceramics / J. Yu, M. 

Chao, D. Li, M. Li, H. Wu, L. Fu, H. Chen // Advanced Materials Research. – 2012. – Vol. 557-559. – P. 1223-1227. 
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ɂɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɤɚɥɶɰɢɟɜɵɯ ɦɵɥ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɋ13 – ɋ18 ɜ ɤɚɱɟɫɬɜɟ ɷɦɭɥɶɝɚɬɨɪɨɜ 
ɨɛɪɚɬɧɵɯ ɷɦɭɥɶɫɢɣ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɰɟɧɤɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɭɱɟɧɧɵɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɟ. 

The possibility of using calcium soaps of C13-C18 fatty acids as emulsifiers of inverse emulsions has been investigated. 

Based on the results of the evaluation of rheological parameters, the obtained systems can be used as the basis of 

hydrocarbon-based drilling fluids. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɥɹ ɢɦɩɨɪɬɚ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɚɡɟ ɪɨɫɫɢɣɫɤɨɣ ɧɟɮɬɟ- ɢ ɝɚɡɨɞɨɛɵɱɢ 
ɞɨɫɬɢɝɚɟɬ 70%. ɂɫɬɨɳɟɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ ɡɚɩɚɫɨɜ ɧɟɮɬɢ ɢ ɝɚɡɚ ɜ ɊɎ ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɬɟɦɩɨɜ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɚɡɟ ɢɧɞɭɫɬɪɢɢ. ɉɨɷɬɨɦɭ ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 
ɷɦɭɥɶɝɚɬɨɪɨɜ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ 
ɫɬɪɚɬɟɝɢɱɟɫɤɨɣ ɧɟɮɬɟɝɚɡɨɞɨɛɵɜɚɸɳɟɣ ɨɬɪɚɫɥɢ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɬɧɵɯ ɷɦɭɥɶɫɢɣ 
ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɥɶɰɢɟɜɵɯ ɦɵɥ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɫ ɞɥɢɧɨɣ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ ɋ13 – ɋ18. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɨɛɪɚɬɧɵɟ ɷɦɭɥɶɫɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɤɚɱɟɫɬɜɟ ɷɦɭɥɶɝɚɬɨɪɨɜ, 
ɩɨɥɭɱɟɧɧɵɟ «in situ» ɤɚɥɶɰɢɟɜɵɟ ɫɨɥɢ ɬɪɢɞɟɤɚɧɨɜɨɣ, ɩɟɧɬɚɞɟɤɚɧɨɜɨɣ, ɨɤɬɚɞɟɤɚɧɨɜɨɣ ɤɢɫɥɨɬ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ 4% [1]. ȼ ɤɚɱɟɫɬɜɟ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɵ ɢɫɩɨɥɶɡɨɜɚɧɨ ɡɢɦɧɟɟ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ 
(ȽɈɋɌ 305-82), ɜ ɤɚɱɟɫɬɜɟ ɜɨɞɧɨɣ ɮɚɡɵ – ɪɚɫɬɜɨɪ CaCl2 (ρ=1,18 ɝ/ɫɦ3). ɋɨɨɬɧɨɲɟɧɢɟ 
ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɜɨɞɧɨɣ ɮɚɡɵ ɫɨɫɬɚɜɥɹɟɬ 70:30. 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɨɛɪɚɬɧɵɯ ɷɦɭɥɶɫɢɣ ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 5 ɱɚɫɨɜ ɜ 
ɡɚɞɚɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɜɨɞɧɨɣ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɮɚɡɵ, ɫɨɞɟɪɠɚɳɟɣ ɷɦɭɥɶɝɚɬɨɪ, ɩɪɢ ɩɨɦɨɳɢ 
ɜɵɫɨɤɨɨɛɨɪɨɬɢɫɬɨɣ ɦɟɲɚɥɤɢ (RPM=12000 ɨɛ./ɦɢɧ.). Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɫɢɫɬɟɦ ɩɪɨɜɨɞɢɥɢ 
ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɛɢɥɶɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨɝɨ ɢɧɞɢɤɚɬɨɪɚ OFITE Emulsion 
Stability Tester, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɣ ɨɰɟɧɤɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɪɚɬɧɵɯ ɜɨɞɨɧɟɮɬɹɧɵɯ 
ɷɦɭɥɶɫɢɣ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɟ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɷɥɟɤɬɪɨɩɪɨɛɨɹ. Ⱦɥɹ ɫɬɚɛɢɥɶɧɵɯ ɫɢɫɬɟɦ 
(ȿ>300ȼ) ɨɩɪɟɞɟɥɹɥɢ ɨɫɧɨɜɧɵɟ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ (ɫɬɚɬɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ SS, Pa 
ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ vis, cP) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɨɬɚɰɢɨɧɧɨɝɨ ɜɢɫɤɨɡɢɦɟɬɪɚ OFITE MODEL 
900. 

ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɷɥɟɤɬɪɨɫɬɚɛɢɥɶɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɷɦɭɥɶɫɢɢ, 
ɫɨɞɟɪɠɚɳɢɟ ɤɚɥɶɰɢɟɜɵɟ ɫɨɥɢ ɬɪɢɞɟɤɚɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɩɟɧɬɚɞɟɤɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɢɯ ɫɦɟɫɢ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 1:1 (ɦɚɫɫ), ɚ ɬɚɤɠɟ ɫɦɟɫɢ ɤɚɥɶɰɢɟɜɵɯ ɦɵɥ ɬɪɢɞɟɤɚɧɨɜɨɣ ɢ ɨɤɬɚɞɟɤɚɧɨɜɨɣ ɤɢɫɥɨɬ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 1:1 (ɦɚɫɫ). Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ ɢ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɵ ɞɥɹ ɫɢɫɬɟɦɵ, ɫɨɞɟɪɠɚɳɟɣ ɫɦɟɫɶ ɤɚɥɶɰɢɟɜɵɯ ɫɨɥɟɣ 
ɬɪɢɞɟɤɚɧɨɜɨɣ ɢ ɨɤɬɚɞɟɤɚɧɨɜɨɣ ɤɢɫɥɨɬ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɷɦɭɥɶɫɢɣ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɫɢɫɬɟɦ ɫ 
ɞɨɛɚɜɤɚɦɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɷɦɭɥɶɝɚɬɨɪɨɜ ɡɚɪɭɛɟɠɧɨɝɨ ɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ [2]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɥɶɰɢɟɜɵɟ 
ɦɵɥɚ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɷɦɭɥɶɝɚɬɨɪɨɜ 
ɨɛɪɚɬɧɵɯ ɷɦɭɥɶɫɢɣ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɟ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɞɨɛɵɱɢ ɧɟɮɬɢ. 
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Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɩɪɟɞɟɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɤɬɢɜɧɨɫɬɢ ɚɥɤɚɧɨɜ ɢ ɚɪɟɧɨɜ ɜ ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ 

ɠɢɞɤɨɫɬɹɯ – ɧɢɬɪɚɬɚɯ ɩɪɨɩɢɥ- ɢ ɛɭɬɢɥɚɦɦɨɧɢɹ. ɂɯ ɡɧɚɱɟɧɢɹ ɨɤɚɡɚɥɢɫɶ ɧɢɠɟ, ɱɟɦ ɜ ɚɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ 
ɠɢɞɤɨɫɬɹɯ, ɜɫɥɟɞɫɬɜɢɟ ɦɟɧɶɲɢɯ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɥɨɫɬɢ, ɱɬɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚɦɢ 
ɦɟɬɨɞɨɦ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ 

Limiting activity coefficients of alkanes and arenes in protic ionic liquids propyl- and butylammonium nitrate were 

measured and found to be significantly lower than in aprotic ionic liquids, which is caused by lower Gibbs free energy cost of 

cavity formation as demonstrated in molecular dynamics simulations 

 
ɉɪɨɬɨɧɧɵɟ ɢɨɧɧɵɟ ɠɢɞɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɛɲɢɪɧɵɣ ɤɥɚɫɫ 

ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɪɹɦɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬɵ ɢ 
ɨɫɧɨɜɚɧɢɹ Ȼɪɟɧɫɬɟɞɚ. ɂɯ ɤɚɬɢɨɧɵ ɫɨɞɟɪɠɚɬ ɤɢɫɥɵɣ ɚɬɨɦ ɜɨɞɨɪɨɞɚ, ɚ ɚɧɢɨɧɵ – ɧɟɩɨɞɟɥɟɧɧɵɟ 
ɷɥɟɤɬɪɨɧɧɵɟ ɩɚɪɵ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɩɨɦɢɦɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɦɟɠɞɭ 
ɤɚɬɢɨɧɨɦ ɢ ɚɧɢɨɧɨɦ ɦɨɝɭɬ ɛɵɬɶ ɨɛɪɚɡɨɜɚɧɵ ɩɪɨɱɧɵɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ. Ɍɢɩɢɱɧɵɦɢ ɩɪɢɦɟɪɚɦɢ 
ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɹɜɥɹɸɬɫɹ ɫɨɥɢ ɦɨɧɨ-, ɞɢ- ɢ ɬɪɢɚɥɤɢɥɚɦɦɨɧɢɹ. 

ɋɜɨɣɫɬɜɚ ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɜ ɦɟɧɶɲɟɣ 
ɫɬɟɩɟɧɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɩɪɨɬɨɧɧɵɦɢ ɢɨɧɧɵɦɢ ɠɢɞɤɨɫɬɹɦɢ. ɉɪɢ ɷɬɨɦ ɥɢɲɶ ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɫɜɹɳɟɧɨ ɫɨɥɶɜɚɬɚɰɢɨɧɧɵɦ ɫɜɨɣɫɬɜɚɦ ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɧɟɫɦɨɬɪɹ 
ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ɂɡɦɟɪɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɩɪɟɞɟɥɶɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ ɜ ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ 
ɨɫɥɨɠɧɹɟɬɫɹ ɢɯ ɡɧɚɱɢɬɟɥɶɧɨɣ ɥɟɬɭɱɟɫɬɶɸ, ɜɹɡɤɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɪɚɫɬɜɨɪɟɧɢɹ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɪɟɞɟɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɤɬɢɜɧɨɫɬɢ Ȗ∞ ɧ-ɚɥɤɚɧɨɜ ɢ 
ɚɪɟɧɨɜ ɜ ɞɜɭɯ ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ, ɧɢɬɪɚɬɟ ɧ-ɩɪɨɩɢɥɚɦɦɨɧɢɹ ɢ ɧɢɬɪɚɬɟ ɧ-
ɛɭɬɢɥɚɦɦɨɧɢɹ ɩɪɢ 298 K, ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɝɚɡɨɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɚɪɚ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ Ȗ∞ ɨɤɚɡɚɥɢɫɶ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɞɥɹ ɬɟɯ ɠɟ 
ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ ɜɨ ɦɧɨɝɢɯ ɚɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ. Ɋɚɧɟɟ ɦɵ ɩɨɤɚɡɚɥɢ [1], ɱɬɨ ɜ 
ɚɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ ɢɡɛɵɬɨɱɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɚɥɤɚɧɨɜ μex = RTlnȖ∞ ɥɢɧɟɣɧɨ 
ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɢɨɧɧɵɯ ɩɚɪ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬ.ɟ. ɜɟɥɢɱɢɧɨɣ, 
ɨɛɪɚɬɧɨɣ ɦɨɥɶɧɨɦɭ ɨɛɴɟɦɭ ɠɢɞɤɨɫɬɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɥɹ ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɞɚɧɧɵɟ 
ɜɵɩɚɞɚɸɬ ɢɡ ɷɬɨɣ ɤɨɪɪɟɥɹɰɢɢ. ɂɡɛɵɬɨɱɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɭɝɥɟɜɨɞɨɪɨɞɚ ɜ ɩɪɨɬɨɧɧɵɯ 
ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ ɧɢɠɟ, ɱɟɦ ɜ ɚɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ ɫ ɬɟɦ ɠɟ ɦɨɥɹɪɧɵɦ ɨɛɴɟɦɨɦ. ɗɬɨ 
ɨɫɨɛɟɧɧɨ ɭɞɢɜɢɬɟɥɶɧɨ ɫ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɜ ɩɟɪɜɵɯ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, 
ɤɨɬɨɪɵɟ, ɤɚɤ ɦɨɠɧɨ ɛɵɥɨ ɨɠɢɞɚɬɶ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɚɩɪɨɬɨɧɧɵɦɢ ɢ ɩɪɨɬɨɧɧɵɦɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ, ɞɨɥɠɧɵ ɟɳɟ ɫɢɥɶɧɟɟ ɫɧɢɡɢɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɧɟɩɨɥɹɪɧɵɯ ɱɚɫɬɢɰ. 

ɑɬɨɛɵ ɩɨɧɹɬɶ ɮɢɡɢɱɟɫɤɢɟ ɩɪɢɱɢɧɵ ɧɚɛɥɸɞɚɟɦɵɯ ɹɜɥɟɧɢɣ, ɦɵ ɪɚɫɫɱɢɬɚɥɢ ɢɡɛɵɬɨɱɧɵɣ 
ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɬɜɟɪɞɵɯ ɫɮɟɪ ɜ ɩɪɨɬɨɧɧɵɯ ɢ ɚɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ, ɢɫɩɨɥɶɡɭɹ 
ɦɟɬɨɞ ɜɫɬɚɜɤɢ ɬɟɫɬɨɜɵɯ ɱɚɫɬɢɰ ȼɢɞɨɦɚ. Ɋɚɫɫɱɢɬɵɜɚɟɦɵɟ ɜɟɥɢɱɢɧɵ ɱɢɫɥɟɧɧɨ ɪɚɜɧɵ ɷɧɟɪɝɢɢ 
Ƚɢɛɛɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ ɩɨɥɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɡɦɟɪɚ, ɜ ɤɨɬɨɪɵɯ ɦɨɝɭɬ 
ɪɚɡɦɟɳɚɬɶɫɹ ɪɚɫɬɜɨɪɟɧɧɵɟ ɦɨɥɟɤɭɥɵ. Ɇɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɟɪɢɢ ɱɢɫɬɵɯ 
ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɥɨɜɨɝɨ ɩɨɥɹ OPLS ɜ ɤɭɛɢɱɟɫɤɢɯ ɹɱɟɣɤɚɯ, 
ɫɨɞɟɪɠɚɳɢɯ 500 ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɨɫɥɟ ɦɢɧɢɦɢɡɚɰɢɢ ɢ ɭɪɚɜɧɨɜɟɲɢɜɚɧɢɹ ɛɵɥɢ ɡɚɩɢɫɚɧɵ 
ɬɪɚɟɤɬɨɪɢɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 50 ɧɫ ɜ NPT-ɚɧɫɚɦɛɥɟ ɩɪɢ 298 Ʉ ɢ ɞɚɜɥɟɧɢɢ 1 ɛɚɪ. ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ 
μex, ɞɥɹ ɤɚɠɞɨɣ ɢɡ 50000 ɤɨɧɮɢɝɭɪɚɰɢɣ, ɡɚɩɢɫɵɜɚɜɲɢɯɫɹ ɤɚɠɞɭɸ ɩɢɤɨɫɟɤɭɧɞɭ, ɩɪɨɜɨɞɢɥɨɫɶ 
1000000 ɜɫɬɚɜɨɤ ɢɞɟɚɥɶɧɨ ɠɟɫɬɤɢɯ ɫɮɟɪ ɪɚɡɥɢɱɧɨɝɨ ɪɚɞɢɭɫɚ ɜ ɫɥɭɱɚɣɧɵɟ ɬɨɱɤɢ ɜɧɭɬɪɢ ɹɱɟɣɤɢ. 
ȼɟɥɢɱɢɧɚ μex ɩɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɭɫɪɟɞɧɟɧɢɹ ɩɨ ɚɧɫɚɦɛɥɸ ɩɨ ɮɨɪɦɭɥɟ 
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 lnex RT V V   , ɝɞɟ δ = 1, ɟɫɥɢ ɫɮɟɪɚ ɧɟ ɩɟɪɟɫɟɤɚɟɬ ɧɢ ɨɞɢɧ ɢɡ ɬɹɠɟɥɵɯ ɚɬɨɦɨɜ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɢ 0, ɟɫɥɢ ɩɟɪɟɫɟɤɚɟɬ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɫɱɟɬɧɵɣ ɢɡɛɵɬɨɱɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɬɜɟɪɞɵɯ ɫɮɟɪ ɪɚɡɥɢɱɧɵɯ 
ɪɚɡɦɟɪɨɜ ɜ ɧɢɬɪɚɬɟ ɛɭɬɢɥɚɦɦɨɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɟɝɨ ɚɩɪɨɬɨɧɧɨɦ ɢɡɨɦɟɪɟ, ɧɢɬɪɚɬɟ 
ɬɟɬɪɚɦɟɬɢɥɚɦɦɨɧɢɹ ɢ ɞɚɠɟ ɧɢɠɟ, ɱɟɦ ɜ ɧɢɬɪɚɬɟ ɬɪɢɦɟɬɢɥɛɭɬɢɥɚɦɦɨɧɢɹ ɫ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɜɵɫɨɤɢɦ 
ɦɨɥɹɪɧɵɦ ɨɛɴɟɦɨɦ, ɱɬɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɥɧɨɦ ɫɨɝɥɚɫɢɢ ɫ ɧɚɲɢɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 
ɧɚɛɥɸɞɟɧɢɹɦɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɜɵɲɟɧɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɦɚɥɨɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ ɜ 
ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ ɨɛɭɫɥɨɜɥɟɧɚ ɛɨɥɟɟ ɧɢɡɤɢɦɢ ɡɚɬɪɚɬɚɦɢ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɧɚ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɨɫɬɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɩɪɨɬɨɧɧɵɦɢ ɢɨɧɧɵɦɢ ɠɢɞɤɨɫɬɹɦɢ. Ⱥɧɬɚɝɨɧɢɫɬɢɱɟɫɤɨɟ 
ɩɨɜɟɞɟɧɢɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɢ ɢɨɧɧɵɯ ɩɚɪ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɩɪɟɞɟɥɹɟɬ 
ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɥɶɜɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɪɨɬɨɧɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ. 
 

Ʌɢɬɟɪɚɬɭɪɚ  
1. Sedov I.A., Solomonov B.N. Thermodynamic description of the solvophobic effect in ionic liquids // Fluid Phase 

Equilibria. – 2016. – Vol. 425. – P. 9-14. 
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ɍȾɄ 544.773.32 

ɉɈȾȻɈɊ ɈɉɌɂɆȺɅɖɇɈȽɈ ɋɈɈɌɇɈɒȿɇɂə ɋɆȿɒȺɇɇɈȽɈ ɋɌȺȻɂɅɂɁȺɌɈɊȺ 
ɆɈȾȿɅɖɇɈɃ ɄɈɋɆȿɌɂɑȿɋɄɈɃ ɗɆɍɅɖɋɂɂ 

ȿ.ȼ. Ɍɨɥɦɚɱɟɜɚ, Ⱥ.ɉ. Ⱦɪɟɦɭɤ 
Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ⱦ.ɂ.Ɇɟɧɞɟɥɟɟɜɚ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ,125047, Ɇɨɫɤɜɚ, Ɇɢɭɫɫɤɚɹ ɩɥ., 9. 
e-mail: liza8647@yandex.ru 

ɂɡɭɱɟɧɨ ɩɨɜɟɞɟɧɢɟ ɦɨɞɟɥɶɧɵɯ ɤɨɫɦɟɬɢɱɟɫɤɢɯ ɷɦɭɥɶɫɢɣ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ 
ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɉȺȼ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɛɪɚɧ ɨɩɬɢɦɚɥɶɧɵɣ ɫɨɫɬɚɜ ɫɦɟɲɚɧɧɨɝɨ 
ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɇɉȺȼ/ȺɉȺȼ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɫɥɭɠɢɬ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɪɟɰɟɩɬɭɪɵ ɝɨɬɨɜɨɣ 
ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɤɨɦɩɨɡɢɰɢɢ. 

The model cosmetic emulsions stabilized by binary mixtures of ionic and nonionic surfactants were stydied. The results 

of experiments were analyzed and the optimal binary mix composition of stabilizer were selected for further preparation of 

model cosmetic compositions. 

Ʉɨɫɦɟɬɢɱɟɫɤɢɟ ɷɦɭɥɶɫɢɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜɢɞɨɜ 
ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɤɨɫɦɟɬɢɱɟɫɤɢɯ 
ɷɦɭɥɶɫɢɣ ɜɫɟ ɱɚɳɟ ɩɪɢɦɟɧɹɸɬ ɛɢɧɚɪɧɵɟ ɫɦɟɫɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ɉȺȼ), ɤɨɬɨɪɵɟ, 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɉȺȼ, ɱɚɫɬɨ ɨɤɚɡɵɜɚɸɬɫɹ ɷɮɮɟɤɬɢɜɧɟɟ ɩɪɢ ɫɧɢɠɟɧɢɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɢ ɦɟɠɮɚɡɧɨɝɨ ɧɚɬɹɠɟɧɢɹ [1-3]. ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɤɨɫɦɟɬɢɱɟɫɤɨɦ ɪɵɧɤɟ ɜɫɟ 
ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɸɬ ɷɦɭɥɶɝɚɬɨɪɵ ɧɚɬɭɪɚɥɶɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢɥɢ 
ɷɦɭɥɶɝɚɬɨɪɵ «ɫ ɡɟɥɟɧɵɦ ɢɦɢɞɠɟɦ». ɉɪɢɦɟɪɨɦ ɬɚɤɢɯ ɉȺȼ ɹɜɥɹɸɬɫɹ ɧɟɢɨɧɨɝɟɧɧɵɟ 
ɚɥɤɢɥɩɨɥɢɝɥɸɤɨɡɢɞɵ (ȺɉȽ), ɩɨɥɭɱɚɟɦɵɟ ɢɡ ɠɢɪɧɵɯ ɫɩɢɪɬɨɜ ɢ ɝɥɸɤɨɡɵ ɪɚɫɬɢɬɟɥɶɧɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ ɫɬɚɛɢɥɢɡɚɬɨɪɚ 
ɇɉȺȼ/ȺɉȺȼ ɞɥɹ ɦɨɞɟɥɶɧɨɣ ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɷɦɭɥɶɫɢɢ ɧɚ ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɨɥɥɨɢɞɧɨ-
ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɟɱɧɵɯ ɤɨɦɩɨɡɢɰɢɣ – ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ 
ɨɛɴɟɦɭ ɢ ɪɟɨɥɨɝɢɱɟɫɤɨɦɭ ɩɨɜɟɞɟɧɢɸ. 

Ɇɨɞɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɩɪɹɦɵɟ ɷɦɭɥɶɫɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɫɥɹɧɨɣ ɮɚɡɵ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɹɪɧɨɟ ɦɚɫɥɨ - ɤɚɩɪɢɥɢɤ/ɤɚɩɪɢɤ ɬɪɢɝɥɢɰɟɪɢɞ (6 % ɦɚɫɫ.). Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨɣ ɜɹɡɤɨɫɬɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜ ɤɨɦɩɨɡɢɰɢɸ ɜɜɨɞɢɥɢ ɰɟɬɟɚɪɢɥɨɜɵɣ ɫɩɢɪɬ 
(5 % ɦɚɫɫ.). ȼ ɤɚɱɟɫɬɜɟ ɷɦɭɥɶɝɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɢɧɚɪɧɵɟ ɫɦɟɫɢ ɤɚɩɪɢɥɢɥ/ɤɚɩɪɢɥ ɝɥɸɤɨɡɢɞɚ 
(ɇɉȺȼ) ɢ ɥɚɭɪɢɥɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ (ȺɉȺȼ) ɜ ɦɨɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ 1/10, 1/5, 1/1, 5/1 ɢ 10/1.  

Ɉɫɧɨɜɧɵɟ ɤɨɥɥɨɢɞɧɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɵɯ ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ 
ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ. Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɨɬɚɰɢɨɧɧɨɝɨ ɜɢɫɤɨɡɢɦɟɬɪɚ RHEOTEST 2, ɪɚɛɨɬɚɸɳɟɦ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 
[4]. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ ɷɦɭɥɶɫɢɣ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ ɨɩɬɢɱɟɫɤɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ Ȼɢɨɦɟɞ-5. Ɋɚɡɦɟɪɵ ɤɚɩɟɥɶ ɨɩɪɟɞɟɥɹɥɢ ɩɪɹɦɵɦ ɢɡɦɟɪɟɧɢɟɦ ɩɨ ɮɨɬɨɝɪɚɮɢɹɦ ɩɪɢ 
ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ImageTool (ɜɟɪɫɢɹ 3.0). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɜɟɪɨɹɬɧɟɣɲɟɝɨ 
ɪɚɡɦɟɪɚ ɤɚɩɟɥɶ ɫɬɪɨɢɥɢ ɝɢɫɬɨɝɪɚɦɦɭ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɱɢɫɥɨ ɤɚɩɟɥɶ-ɞɢɚɦɟɬɪ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɢɡɦɟɪɟɧɢɹ ɧɟ ɦɟɧɟɟ 200 ɤɚɩɟɥɶ. 

 
Ɋɢɫ.1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ ɜ ɦɨɞɟɥɶɧɨɣ ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɷɦɭɥɶɫɢɢ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ 

ɇɉȺȼ/ȺɉȺȼ 1/10 
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Ɍɚɛɥɢɰɚ 1 
Ⱦɢɫɩɟɪɫɧɵɣ ɫɨɫɬɚɜ ɷɦɭɥɶɫɢɣ ɢ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɩɨ Ȼɢɧɝɚɦɭ,  

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɉȺȼ 
ɇɉȺȼ/ȺɉȺȼ dɧ, ɦɤɦ ɉ Ɋɬ, ɉɚ 

1/10 3,5 7,0 36 

1/5 2,5 22,7 25 

1/1 3,5 11,5 12 

5/1 3,5 10,0 11 

10/1 3,5 11,1 13 

 
ɇɚ ɪɢɫɭɧɤɟ 1 ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ 

ɪɚɡɦɟɪɚɦ ɞɥɹ ɷɦɭɥɶɫɢɢ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɫɦɟɫɶɸ ɇɉȺȼ/ȺɉȺȼ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1/10. Ʉɚɤ 
ɜɢɞɧɨ ɢɡ ɝɢɫɬɨɝɪɚɦɦɵ, ɷɦɭɥɶɫɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɞɢɫɩɟɪɫɧɭɸ ɫɢɫɬɟɦɭ ɫ 
ɧɚɢɜɟɪɨɹɬɧɟɣɲɢɦ ɞɢɚɦɟɬɪɨɦ ɤɚɩɟɥɶ 3,5 ɦɤɦ. ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ 
ɧɚɢɜɟɪɨɹɬɧɟɣɲɟɝɨ ɞɢɚɦɟɬɪɚ ɤɚɩɟɥɶ ɷɦɭɥɶɫɢɢ, ɚ ɬɚɤɠɟ ɫɬɟɩɟɧɢ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ ɤɚɩɟɥɶ 
ɷɦɭɥɶɫɢɢ (ɉ= d max/d min). ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɉȺȼ ɜ ɫɦɟɫɢ ɧɚɢɜɟɪɨɹɬɧɟɣɲɢɣ ɪɚɡɦɟɪ ɤɚɩɟɥɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɬɟɩɟɧɶ 
ɩɨɥɢɞɢɫɩɟɪɧɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɥɚɫɶ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫɨɨɬɧɨɲɟɧɢɣ ɇɉȺȼ/ȺɉȺȼ ɨɬ 1/10 ɞɨ 
1/5.  

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɪɢɜɵɟ ɬɟɱɟɧɢɹ ɦɨɞɟɥɶɧɵɯ ɷɦɭɥɶɫɢɣ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ 
ɫɦɟɫɶɸ ɇɉȺȼ/ȺɉȺȼ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɦɨɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ. Ɋɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ 
ɫɞɜɢɝɚ ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ (1): 

P = z·α;  (1) 

ɝɞɟ P – ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ, 10-1 ɉɚ; z – ɩɨɫɬɨɹɧɧɚɹ ɰɢɥɢɧɞɪɚ, 10-1 ɉɚ/ɞɟɥ. ɲɤɚɥɵ; α – ɱɢɫɥɨ 
ɞɟɥɟɧɢɣ ɲɤɚɥɵ ɧɚ ɢɧɞɢɤɚɬɨɪɧɨɦ ɩɪɢɛɨɪɟ. 

 
Ɂɧɚɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɷɦɭɥɶɫɢɨɧɧɨɣ ɛɚɡɵ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ:  

ƞ = (P/Ȗ)·100;   (2) 

ɝɞɟ ƞ – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦɉɚ·ɫ; P – ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ, 10-1 ɉɚ; Ȗ – ɫɤɨɪɨɫɬɶ ɫɞɜɢɝɚ,1/ɫ. 
 
ɉɪɨɱɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɤɨɫɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɩɨ Ȼɢɧɝɚɦɭ Ɋɬ, ɤɨɬɨɪɵɣ 

ɥɟɝɤɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɤɪɢɜɵɦ. ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ 
ɬɟɤɭɱɟɫɬɢ ɞɥɹ ɦɨɞɟɥɶɧɵɯ ɷɦɭɥɶɫɢɣ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ ɛɢɧɚɪɧɨɣ ɫɦɟɫɶɸ ɇɉȺȼ/ȺɉȺȼ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɦɨɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ. 

 
Ɋɢɫ.2. Ʉɪɢɜɵɟ ɬɟɱɟɧɢɹ ɦɨɞɟɥɶɧɵɯ ɷɦɭɥɶɫɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɇɉȺȼ/ȺɉȺȼ 
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ɂɡ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɜ ɫɦɟɫɢ. ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɇɉȺȼ/ȺɉȺȼ 1/10 ɢ ɫɨɫɬɚɜɥɹɟɬ 36 ɉɚ. ɉɪɢ ɷɬɨɦ ɠɟ ɫɨɨɬɧɨɲɟɧɢɢ 
ɫɬɟɩɟɧɶ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ ɤɚɩɟɥɶ ɩɨɥɭɱɟɧɧɨɣ ɷɦɭɥɶɫɢɢ ɫɪɟɞɢ ɢɡɭɱɟɧɧɵɯ ɫɢɫɬɟɦ ɦɢɧɢɦɚɥɶɧɚɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɚɬɨɪɚ 
ɦɨɞɟɥɶɧɨɣ ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɷɦɭɥɶɫɢɢ ɛɢɧɚɪɧɭɸ ɫɦɟɫɶ ɇɉȺȼ/ȺɉȺȼ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ 1/10.  
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ɍȾɄ 541.138/.138.3, 541.136/.136.88 

 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɉɈɊɂɋɌɕɏ ɍȽɅȿɊɈȾɇɕɏ  
ɆȺɌȿɊɂȺɅɈȼ ȾɅə ɋɍɉȿɊɄɈɇȾȿɇɋȺɌɈɊɈȼ 
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Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ ɩɨɪɢɫɬɵɯ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫ ɰɟɥɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɜ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɚɯ ɬɨɤɚ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɉɛɨɫɧɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚɯ. 

This article is devoted to studying the properties of porous carbon materials, with a view to their use in electrochemical 

power sources. Presented prototypes and research results of their physicochemical properties. The possibility of using 

composites based on the data of carbon materials in supercapacitors is substantiated. 

 

ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ Ʉɨɧɜɟɹ [1] ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɤɨɧɞɟɧɫɚɬɨɪɵ, ɢɥɢ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɵ (ɋɄ) 
– ɷɬɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɢɛɨɪɵ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɹɬ ɤɜɚɡɢɨɛɨɪɨɬɧɵɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ 
ɡɚɪɹɞɧɨ-ɪɚɡɪɹɞɧɵɟ ɩɪɨɰɟɫɫɵ. Ɉɧɢ ɫɨɫɬɨɹɬ ɢɡ ɷɥɟɤɬɪɨɞɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɫ 
ɪɚɡɜɢɬɨɣ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɟɧɵ ɫɟɩɚɪɚɬɨɪɨɦ ɢ ɩɨɦɟɳɟɧɵ ɜ ɝɟɪɦɟɬɢɱɧɵɣ 
ɤɨɪɩɭɫ. ȼɧɭɬɪɟɧɧɹɹ ɫɪɟɞɚ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚ ɡɚɩɨɥɧɹɟɬɫɹ ɷɥɟɤɬɪɨɥɢɬɨɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧɹɸɬ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɣ ɭɝɥɟɪɨɞ. Ⱦɚɧɧɵɣ 
ɦɚɬɟɪɢɚɥ ɢɦɟɟɬ ɪɚɡɜɢɬɭɸ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɞɨɫɬɢɝɚɟɬ ɫɨɬɧɢ ɢ ɞɚɠɟ ɬɵɫɹɱɢ ɦ2/ɝ, ɢ 
ɨɬɥɢɱɚɸɬɫɹ ɯɨɪɨɲɟɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɶɸ. ȼɵɫɨɤɨɞɢɫɩɟɪɫɧɵɣ ɭɝɥɟɪɨɞ ɡɚɱɚɫɬɭɸ ɩɪɟɞɫɬɚɜɥɟɧ 
ɜ ɜɢɞɟ ɫɚɠɢ, ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɭɝɥɟɣ ɢ ɧɚɧɨɩɨɪɢɫɬɵɯ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɭɝɥɟɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɞɥɹ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚ ɩɪɢɦɟɧɹɸɬ 
ɧɚɧɨɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɬɟɪɦɨɪɚɫɲɢɪɟɧɧɵɣ ɝɪɚɮɢɬ, 
ɧɚɧɨɜɨɥɨɤɧɢɫɬɵɣ ɭɝɥɟɪɨɞ ɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ [2].  

Ɍɟɪɦɨɪɚɫɲɢɪɟɧɧɵɣ ɝɪɚɮɢɬ (ɌɊȽ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɝɥɟɪɨɞɧɵɣ ɦɚɬɟɪɢɚɥ, ɤɨɬɨɪɵɣ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɧɚɥɢɱɢɟɦ ɜ ɨɫɧɨɜɧɨɦ ɦɚɤɪɨ- ɢ ɦɟɡɨɩɨɪ. ɌɊȽ ɨɬɥɢɱɚɟɬɫɹ 
ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɟɦɤɨɫɬɢ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (300-350 ɦ2/ɝ), ɱɬɨ 
ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɞɧɵɯ [3].  

ɇɚɧɨɜɨɥɨɤɧɢɫɬɵɣ ɭɝɥɟɪɨɞ (ɇȼɍ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɪɚɧɭɥɵ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɨɜɚɧɵ 
ɩɟɪɟɩɥɟɬɟɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ ɭɝɥɟɪɨɞɧɵɦɢ ɧɚɧɨɜɨɥɨɤɧɚɦɢ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɜɥɨɠɟɧɧɵɯ ɤɨɧɭɫɨɜ. 
ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɇȼɍ ɫɨɫɬɚɜɥɹɟɬ 100 ɦ2/ɝ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɭɝɥɟɪɨɞɚ 
ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 10 ɦɤɦ ɞɨ 5 ɦɦ. Ȼɥɚɝɨɞɚɪɹ ɲɢɪɨɤɨɦɭ ɤɨɦɩɥɟɤɫɭ ɢɧɬɟɪɟɫɧɵɯ ɫɜɨɣɫɬɜ, 
ɬɚɤɢɯ ɤɚɤ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɜɵɫɨɤɚɹ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɞɚɧɧɚɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶ 
ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɨɛɥɚɞɚɟɬ ɩɟɪɫɩɟɤɬɢɜɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ, ɷɥɟɤɬɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ ɢ ɞɪ. [4]. 

Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ (Ⱥɍ) – ɭɝɥɟɪɨɞ ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɪɢɫɨɜɨɣ ɥɭɡɝɢ, ɩɭɬёɦ ɟё 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɫɠɢɝɚɧɢɹ. Ɂɨɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɱɟɧɶ ɦɹɝɤɢɣ ɦɚɬɟɪɢɚɥ ɢ ɥɟɝɤɨ 
ɪɚɡɦɟɥɶɱɚɟɬɫɹ ɞɨ ɪɚɡɦɟɪɚ ɦɟɧɟɟ 45ɦɤɦ. ɉɨɫɥɟ ɫɠɢɝɚɧɢɹ ɩɨɥɭɱɟɧɧɭɸ ɡɨɥɭ ɩɨɞɜɟɪɝɚɸɬ 
ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɟ [5]. ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɣ ɡɨɥɵ ɫɨɫɬɚɜɢɥɚ 132 ɦ2/ɝ. 

ȼ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɬɪɢ ɜɢɞɚ  ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ (Ni/ɇȼɍ, Ni/ɌɊȽ, Ni/Ⱥɍ, ɇȼɍ/ɌɊȽ). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɟɦɤɨɫɬɶ 
ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ ɧɚ ɛɚɡɟ ɬɟɪɦɨɪɚɫɲɢɪɟɧɧɨɝɨ ɝɪɚɮɢɬɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 110 Ɏ/ɝ. ɋɬɨɢɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɦɤɨɫɬɶ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɟɧɚ ɡɚ ɫɱɟɬ ɧɚɧɟɫɟɧɢɹ 
ɧɚɧɨɱɚɫɬɢɰ ɦɟɬɚɥɥɨɜ.  

ȼ ɪɚɦɤɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɇȼɍ, ɌɊȽ ɢ Ⱥɍ ɛɵɥɢ ɧɚɧɟɫɟɧɵ ɱɚɫɬɢɰɵ ɧɢɤɟɥɹ, ɫ ɰɟɥɶɸ 
ɩɨɜɵɲɟɧɢɹ ɭɞɟɥɶɧɨɣ ёɦɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. ɇɚɧɟɫɟɧɢɟ ɱɚɫɬɢɰ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɧɢɤɟɥɹ ɩɪɨɜɨɞɢɥɨɫɶ 
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ɩɭɬёɦ ɩɪɨɩɢɬɤɢ ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫɨɥɢ ɧɢɤɟɥɹ ɜ ɡɚɞɚɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. 
Ⱦɚɥɟɟ ɨɛɪɚɡɟɰ ɜɵɫɭɲɢɜɚɥɫɹ ɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɥɫɹ ɜ ɫɪɟɞɟ ɜɨɞɨɪɨɞɚ. 

Ʉɨɦɩɨɡɢɬɵ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɧɚ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɬɨɞɨɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɧɚ ɭɫɬɚɧɨɜɤɟ Quantachrome NOVA 1000e. ɉɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ 
ɭɞɟɥɶɧɭɸ ёɦɤɨɫɬɶ ɩɪɢ ɩɨɦɨɳɢ ɭɫɬɚɧɨɜɤɢ Elins P-30SM ɜ ɬɪёɯɷɥɟɤɬɪɨɞɧɨɣ ɹɱɟɣɤɟ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɞɟɥɶɧɚɹ ёɦɤɨɫɬɶ ɤɨɦɩɨɡɢɬɚ Ni/ɌɊȽ ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɡɜёɪɬɤɢ 2 ɦȼ/ɫ 
ɞɨɫɬɢɝɚɟɬ 116,3 Ɏ/ɝ, ɞɥɹ ɤɨɦɩɨɡɢɬɚ Ni/ɇȼɍ 15,9 Ɏ/ɝ, ɚ ɞɥɹ Ni/Ⱥɍ 9,8 Ɏ/ɝ ɩɪɢ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɢ 
ɪɚɡɜёɪɬɤɢ. ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɦɩɨɡɢɬɨɜ Ni/ɌɊȽ ɢ  Ni/ɇȼɍ ɫɨɫɬɚɜɥɹɟɬ 42 ɦ2/ɝ ɢ 160 ɦ2/ɝ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋ ɩɨɦɨɳɶɸ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɊɗɆ) (ɪɢɫ.1) ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɧɚɧɟɫɟɧɢɟ 
ɧɢɤɟɥɹ ɪɚɜɧɨɦɟɪɧɨɟ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɧɢɤɟɥɹ ɜɚɪɶɢɪɨɜɚɥɫɹ ɨɬ 20 ɞɨ 40 ɧɦ. 
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ɋɩɟɤɬɪ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ (EDX-ɫɩɟɤɬɪ) ɩɨɤɚɡɚɥ, ɱɬɨ 
ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɧɢɤɟɥɹ ɜ ɨɛɪɚɡɰɟ ɫɨɫɬɚɜɢɥɨ ɨɤɨɥɨ 20 ɦɚɫɫ.%. 
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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɧɨɜɨɝɨ ɤɥɚɫɫɚ ɤɢɫɥɨɪɨɞ-ɚɤɤɭɦɭɥɢɪɭɸɳɢɯ 

ɦɚɬɟɪɢɚɥɨɜ YBaCo4-xZnxO7+δ (x = 0–3) ɜɨ ɜɡɚɢɦɨɫɜɹɡɢ ɫ ɢɯ ɤɢɫɥɨɪɨɞɧɨɣ ɧɟɫɬɟɯɢɨɦɟɬɪɢɟɣ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɢɸ 
ɩɪɨɰɟɫɫɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɛɫɨɪɛɰɢɢ ɤɢɫɥɨɪɨɞɚ ɢ ɫɨɩɪɹɠɟɧɧɨɣ ɫ ɧɢɦ ɯɢɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɤɫɢɞɨɜ. 

The present work is devoted to study a new class of oxygen-storage materials YBaCo4-xZnxO7+δ (x = 0–3) depending on 

oxygen content, process of low temperature oxygen absorption in these oxide systems, as well chemical deformation. 

 
ɋɥɨɠɧɵɣ ɨɤɫɢɞ YBaCo4O7+į ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɫɜɟɞɟɧɛɨɪɝɢɬɚ ɨɛɥɚɞɚɟɬ ɭɧɢɤɚɥɶɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɨɛɪɚɬɢɦɨɣ ɚɛɫɨɪɛɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨɞɚ (į ~ 1.5), ɩɪɢ ɷɬɨɦ 
ɩɪɨɰɟɫɫ ɚɛɫɨɪɛɰɢɢ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (200–400 °ɋ) ɢ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɨɛɪɚɬɢɦɨɫɬɢ. Ⱦɚɧɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɨɤɫɢɞ YBaCo4O7+į ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɩɪɟɞɫɬɚɜɢɬɟɥɹ ɤɢɫɥɨɪɨɞ-ɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɧɚɯɨɞɹɳɢɯ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. 

ɋɩɨɫɨɛɧɨɫɬɶ ɨɤɫɢɞɚ YBaCo4O7+į ɤ ɚɤɤɭɦɭɥɹɰɢɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨɞɚ ɧɚɯɨɞɢɬɫɹ ɜ 
ɮɨɤɭɫɟ ɢɧɬɟɧɫɢɜɧɵɯ ɩɪɨɞɨɥɠɚɸɳɢɯɫɹ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɍɫɢɥɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɧɚɩɪɚɜɥɟɧɵ ɤɚɤ ɧɚ 
ɭɫɬɚɧɨɜɥɟɧɢɟ ɩɪɢɱɢɧ ɢ ɦɟɯɚɧɢɡɦɚ ɤɢɫɥɨɪɨɞɧɨɣ ɚɛɫɨɪɛɰɢɢ ɞɚɧɧɵɦ, ɬɚɤ ɢ ɧɚ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɞɨɩɚɧɬɨɜ ɧɚ ɩɪɨɰɟɫɫ ɤɢɫɥɨɪɨɞɧɨɣ ɚɛɫɨɪɛɰɢɢ 114-ɨɤɫɢɞɨɦ. ɇɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɣ 
ɨɛɴɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɨɩɢɪɨɜɚɧɢɹ ɨɤɫɢɞɚ, ɨɛɪɚɳɚɟɬ ɧɚ ɫɟɛɹ 
ɜɧɢɦɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɫɬɶ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɧɟɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ: ɬɚɤ, ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɜɨɞɵ ɨ ɫɧɢɠɟɧɢɢ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɫɨɪɛɰɢɢ ɩɪɨɢɡɜɨɞɧɵɯ YBaCo4O7+į ɫɞɟɥɚɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɟɡ ɭɱɟɬɚ ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɚ ɫɨɪɛɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ 
ɨɬɫɭɬɫɬɜɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɯɢɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɤɫɢɞɨɜ ɧɚ ɨɫɧɨɜɟ YBaCo4O7+į, ɤɨɬɨɪɚɹ 
ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɦɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɞɥɹ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɜ ɩɪɨɰɟɫɫɟ ɚɛɫɨɪɛɰɢɢ 
ɨɧɢ ɫɩɨɫɨɛɧɵ ɦɟɧɹɬɶ ɫɜɨɣ ɫɨɫɬɚɜ ɩɨ ɤɢɫɥɨɪɨɞɭ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɞ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɨɣ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɚɹ ɰɟɥɶ: ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɨɤɫɢɞɨɜ YBaCo4-xZnxO7+į (x = 0–3) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɰɢɧɤɚ, ɨɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɯɢɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, 
ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɢɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɛɫɨɪɛɰɢɢ ɤɢɫɥɨɪɨɞɚ. 

ɉɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ YBaCo4-xZnxO7+į (x = 0–3) ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɬɜɟɪɞɨɮɚɡɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɢ ɫɬɭɩɟɧɱɚɬɨ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɢɧɬɟɪɜɚɥɟ 900–1100 °ɋ. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɊɎȺ ɜ Ʉα-ɢɡɥɭɱɟɧɢɢ 
ɦɟɞɢ (Ȝ = 1.5418 Å) ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ XRD-7000 (Shimadzu, əɩɨɧɢɹ) ɜ ɢɧɬɟɪɜɚɥɟ 
ɭɝɥɨɜ 2ș = 20–90°. ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ Match! ɢ ɛɚɡɵ ɞɚɧɧɵɯ PDF–2 2010. ɍɬɨɱɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɵ ɢɡɭɱɚɟɦɵɯ ɨɤɫɢɞɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɛɟɫɫɬɪɭɤɬɭɪɧɨɝɨ ɩɨɥɧɨɩɪɨɮɢɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ Ɋɢɬɜɟɥɞɚ ɜ ɩɪɨɝɪɚɦɦɟ Rietica 2.1. 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ in situ ɨɤɫɢɞɚ YBaCo4O7+į ɩɪɨɜɨɞɢɥɢ ɧɚ 
ɞɢɮɪɚɤɬɨɦɟɬɪɟ XRD-7000, ɨɫɧɚɳɟɧɧɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɚɦɟɪɨɣ HTK 16N (Anton Paar, 
Ⱥɜɫɬɪɢɹ). ɗɤɫɩɟɪɢɦɟɧɬ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɜɨɡɞɭɯɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 25–400 °ɋ. ɋ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɫɬɟɯɢɨɦɟɬɪɢɱɧɨɝɨ ɩɨ ɤɢɫɥɨɪɨɞɭ ɫɨɫɬɚɜɚ ɨɛɪɚɡɟɰ ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɬɠɢɝɚɥɢ ɜ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 500 °ɋ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɦɟɞɥɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 
(100 °ɋ/ɱ) ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ 
ɩɨɞɝɨɬɨɜɥɟɧɧɨɦ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɤɫɢɞɟ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɨɛɪɚɡɰɚ ɜ ɬɨɤɟ 
ɜɨɞɨɪɨɞɚ ɜ ɬɟɪɦɨɜɟɫɚɯ (Rubotherm DynTherm LP-ST). 
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Ɉɛɴɟɦɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɯɢɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɤɫɢɞɨɜ  ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɡɰɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ ɢ ɦɟɬɨɞɨɦ 
ɞɢɥɚɬɨɦɟɬɪɢɢ. Ɍɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɞɢɥɚɬɨɦɟɬɪɢɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɨɦ 
ɞɢɥɚɬɨɦɟɬɪɟ DIL 402 C (Netzsch Gmbh, Ƚɟɪɦɚɧɢɹ). ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɢ ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɫɨ 
ɫɤɨɪɨɫɬɶɸ 0.5 °ɋ/ɦɢɧ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 30–500 °ɋ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ. 

ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɚɛɫɨɪɛɰɢɸ ɤɢɫɥɨɪɨɞɚ ɨɤɫɢɞɚɦɢ YBaCo4-xZnxO7+į (x = 0–3) ɜ 
ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɌȽȺ) ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 30–600 °ɋ ɧɚ ɜɨɡɞɭɯɟ ɫɨ ɫɤɨɪɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 0.5 ɢ 3 °ɋ/ɦɢɧ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜ ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɞɨɥɝɨɜɪɟɦɟɧɧɵɦ ɨɬɠɢɝɨɦ ɨɛɪɚɡɰɨɜ ɜ 
ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ (ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 500 ɦɥ/ɦɢɧ, ɝɟɧɟɪɚɬɨɪ ɤɢɫɥɨɪɨɞɚ OXY 6000, Bitmos 
GmbH, Ƚɟɪɦɚɧɢɹ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɛɫɨɪɛɰɢɢ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɢɡ ɞɚɧɧɵɯ ɌȽȺ. 
Ⱥɛɫɨɥɸɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɨɬɠɢɝɚ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ 
ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɫ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɮɢɤɫɢɪɨɜɚɧɢɟɦ ɬɨɱɤɢ 
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɬɢɬɪɚɬɨɪɚ Ⱥɤɜɢɥɨɧ ȺɌɉ-02.  

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜ ɞɢɚɩɚɡɨɧɟ 25–
42 °ɋ ɩɨɞ ɜɥɢɹɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɫɬɪɭɤɬɭɪɵ ɫɬɟɯɢɨɦɟɬɪɢɱɧɨɝɨ ɩɨ ɤɢɫɥɨɪɨɞɭ 
ɨɤɫɢɞɚ YBaCo4O7+į (į = 0) ɢɡ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ (ɩɪ. ɝɪ. ) ɜ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɫɢɦɦɟɬɪɢɸ. 
ȼɬɨɪɨɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ YBaCo4O7+į ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ 
ɤɢɫɥɨɪɨɞɚ ɜ ɨɛɪɚɡɰɟ ɜ ɩɪɨɰɟɫɫɟ ɚɛɫɨɪɛɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 350 °ɋ, ɩɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɚ ɨɤɫɢɞɚ 
ɩɟɪɟɯɨɞɢɬ ɜ ɨɪɬɨɪɨɦɛɢɱɟɫɤɭɸ ɫɢɦɦɟɬɪɢɸ, ɩɪ. ɝɪ. . ɉɨɫɥɟ ɩɨɥɧɨɣ ɞɟɫɨɪɛɰɢɢ ɤɢɫɥɨɪɨɞɚ 
ɩɪɢ 400 °ɋ ɫɬɪɭɤɬɭɪɚ YBaCo4O7+į ɜɧɨɜɶ ɨɬɜɟɱɚɟɬ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɢ, ɩɪ. ɝɪ. .  

Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɤɫɢɞɨɜ ɫɬɟɯɢɨɦɟɬɪɢɱɧɨɝɨ ɫɨɫɬɚɜɚ YBaCo4-xZnxO7+į (x = 0.3, 0.5, 
0.8, 1, 2, 3) ɫ į = 0 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25 °ɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪ. ɝɪ. . ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɚɪɧɨɣ 
ɹɱɟɣɤɢ Zn-ɡɚɦɟɳɟɧɧɵɯ ɨɤɫɢɞɨɜ ɫɥɚɛɨ ɢɡɦɟɧɹɸɬɫɹ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ Zn (ɪɢɫɭɧɨɤ 3), ɱɬɨ ɫɜɹɡɚɧɨ ɫ 
ɛɥɢɡɨɫɬɶɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɚɞɢɭɫɨɜ Zn2+ (  = 0.74 Å, ɤ.ɱ. = 4 [1]) ɢ Co2+ (  = 0.72 Å, ɤ.ɱ. 
= 4, HS [1]), ɤɨɬɨɪɵɣ ɨɧ ɢ ɡɚɦɟɳɚɟɬ. 

Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɤɫɢɞɚ YBaCo3.7Zn0.3O7+į ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɜ ɞɚɧɧɵɣ ɨɛɪɚɡɟɰ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ (į = 0.80) ɧɟ ɜɵɡɵɜɚɟɬ ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɟɪɟɯɨɞɚ  

, ɧɚɛɥɸɞɚɟɦɨɝɨ ɞɥɹ ɨɤɫɢɞɚ YBaCo4O7+į ɜ ɩɪɨɰɟɫɫɟ ɤɢɫɥɨɪɨɞɧɨɣ ɚɛɫɨɪɛɰɢɢ. 
ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ, ɩɪɢ ɚɛɫɨɪɛɰɢɢ ɤɢɫɥɨɪɨɞɚ ɨɤɫɢɞɨɦ 

YBaCo4O7+į ɧɚ ɮɨɧɟ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɟɝɨ ɪɚɡɦɟɪɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɬɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ ɩɪɢ ɞɟɫɨɪɛɰɢɢ 
ɤɢɫɥɨɪɨɞɚ (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɯɢɦɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ (ɧɚ ɜɪɟɡɤɟ)  
ɨɛɪɚɡɰɚ YBaCo4O7+į ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ 

 

Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɰɢɧɤɚ ɜ ɤɨɥɢɱɟɫɬɜɟ x(Zn) = 0.3 
ɜ YBaCo4O7+į ɧɟ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ , ɤɨɬɨɪɚɹ ɞɥɹ ɞɚɧɧɵɯ ɨɤɫɢɞɨɜ ɫɨɫɬɚɜɥɹɟɬ –7.5·10-3. 
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Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ  ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɭɦɦɚɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɫɨɟɞɢɧɟɧɢɣ YBaCo4-xZnxO7+į (x = 0, 0.3) ɫ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ 
ɫɜɨɞɢɬɫɹ ɤ ɢɯ ɯɢɦɢɱɟɫɤɨɦɭ ɫɠɚɬɢɸ. 

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɛɫɨɪɛɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ (ɪɢɫ. 2) 
ɤɨɥɢɱɟɫɬɜɨ ɚɛɫɨɪɛɢɪɭɟɦɨɝɨ ɤɢɫɥɨɪɨɞɚ ɜ ɪɹɞɭ ɨɤɫɢɞɨɜ YBaCo4-xZnxO7+į (x = 0, 0.3, 0.5, 0.8, 1, 3) 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɰɢɧɤɚ, ɚ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ x(Zn) = 3 
ɤɢɫɥɨɪɨɞɧɚɹ ɚɛɫɨɪɛɰɢɹ ɧɟ ɩɪɨɬɟɤɚɟɬ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɡɚɦɟɳɟɧɢɟ ɜ 
ɫɬɪɭɤɬɭɪɟ 114-ɨɤɫɢɞɚ ɢɨɧɨɜ Co2+ ɧɚ Zn2+.  

  
Ɋɢɫ. 2. Ɍɟɪɦɨɝɪɚɦɦɵ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ YBaCo4-xZnxO7+į, ɩɨɥɭɱɟɧɧɵɟ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ  

ɫ ɪɚɡɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɧɚɝɪɟɜɚ: ɚ) 0.5 °ɋ/ɦɢɧ; ɛ) 3 °ɋ/ɦɢɧ 
 

Ʉɪɨɦɟ ɬɨɝɨ, ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɜ ɫɥɭɱɚɟ Zn-ɡɚɦɟɳɟɧɧɵɯ ɨɤɫɢɞɨɜ ɫɭɳɟɫɬɜɟɧɧɨ 
ɫɧɢɠɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɚɛɫɨɪɛɢɪɭɟɦɨɝɨ ɤɢɫɥɨɪɨɞɚ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɟ ɡɚɬɪɭɞɧɟɧɢɹ 
ɩɪɨɰɟɫɫɚ ɤɢɫɥɨɪɨɞɧɨɣ ɚɛɫɨɪɛɰɢɢ ɩɪɢ ɡɚɦɟɳɟɧɢɢ Co ɧɚ Zn ɜ ɨɤɫɢɞɟ YBaCo4O7+į. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɨɬɠɢɝɚ ɜ ɤɢɫɥɨɪɨɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 
Ɍɚɛɥɢɰɚ 1 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɛɫɨɪɛɰɢɢ Tmax ɢ ɤɢɫɥɨɪɨɞɧɚɹ ɫɜɟɪɯɫɬɟɯɢɨɦɟɬɪɢɹ į ɩɨɫɥɟ ɨɬɠɢɝɚ  
ɜ ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ ɜ ɫɥɨɠɧɵɯ ɨɤɫɢɞɚɯ YBaCo4-xZnxO7+į (x = 0, 0.3, 0.5, 0.8, 1, 3) 

x(Zn) Tmax, °ɋ 
į (ɬɟɨɪ. 

ɜɨɡɦɨɠɧɨɟ) 
į (O2; 
48 ɱ) 

% ɨɬ ɬɟɨɪ. 
ɜɨɡɦɨɠɧɨɝɨ 

į (O2; 
96 ɱ) 

% ɨɬ ɬɟɨɪ. 
ɜɨɡɦɨɠɧɨɝɨ 

0 355 1.50 1.35 90.0 - - 

0.3 312 1.35 0.63 46.7 0.80 59.3 

0.5 308 1.25 0.56 44.8 - - 

0.8 295 1.10 0.49 44.5 0.48 43.6 

1 280 1.00 0.44 44.0 0.45 45.0 

3 - 0.00 0.00 - - - 

 
ȼɢɞɧɨ, ɱɬɨ ɡɚɦɟɳɟɧɢɟ Co ɧɚ Zn ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ x(Zn) = 0.3 ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɩɚɞɟɧɢɸ 

ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɣ ɫɜɟɪɯɫɬɟɯɢɨɦɟɬɪɢɢ ɨɤɫɢɞɚ YBaCo4O7+į, ɞɨɫɬɢɝɚɟɦɨɣ ɩɪɢ ɩɟɪɜɨɦ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɨɬɠɢɝɟ. ɋ ɞɚɥɶɧɟɣɲɢɦ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɰɢɧɤɚ ɜ YBaCo4-xZnxO7+į 
ɢɡɛɵɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɫɧɢɠɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɝɨ ɨɬɠɢɝɚ ɩɪɢɪɨɫɬ 
ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɨɤɫɢɞɚ YBaCo3.7Zn0.3O7+į. 

Ɋɟɡɸɦɢɪɭɹ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɦɟɳɟɧɢɟ Co ɧɚ Zn ɜ ɫɥɨɠɧɨɦ ɨɤɫɢɞɟ YBaCo4O7+į 
ɭɯɭɞɲɚɟɬ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɤ ɤɢɫɥɨɪɨɞ-ɚɤɤɭɦɭɥɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɤɚɤ ɜ 
ɭɦɟɧɶɲɟɧɢɢ ɟɦɤɨɫɬɢ ɩɨ ɤɢɫɥɨɪɨɞɭ, ɬɚɤ ɢ ɜ ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɪɨɰɟɫɫɚ ɚɛɫɨɪɛɰɢɢ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɋɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɦɨɥɨɞɵɦ ɭɱɟɧɵɦ 

ɢ ɚɫɩɢɪɚɧɬɚɦ ɋɉ-3440.2016.1. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Shannon, R. D. Revised effective ionic radii and systematic studies of interatomic distances in halides and 
chalcogenides / R. D. Shannon // Acta Cryst. – 1976. – V. A 32. – P. 751–767. 
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ɍȾɄ 544.478.1 

 

ɎɂɁɂɄɈ-ɏɂɆɂɑȿɋɄɂȿ ɂ ɄȺɌȺɅɂɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɌɊȿɏɆȿɊɇɕɏ 
ɄȺɊɄȺɋɇɕɏ ɎɈɋɎȺɌɈȼ ɋS-Co-Zr2(PO4)3 ɌɂɉȺ NASICON ȼ ɉɊȿȼɊȺɓȿɇɂəɏ 

ɂɁɈȻɍɌȺɇɈɅȺ 

 
Ɇ.ɇ. ɑɟɪɧɵɲɟɜɚ, Ʌ.Ⱦ. Ʉɨɥɟɜɚ, Ⱥ.ɂ. ɉɵɥɢɧɢɧɚ  

Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 117198, Ɇɨɫɤɜɚ, ɭɥ. Ɇɢɤɥɭɯɨ-Ɇɚɤɥɚɹ, 6. 

e-mail: larulea@mail.ru 

 
ɂɡɭɱɟɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɪɟɯɦɟɪɧɵɯ ɤɚɪɤɚɫɧɵɯ ɮɨɫɮɚɬɨɜ ɫ ɮɨɪɦɭɥɨɣ Cs-Co-Zr2(PO4)3 ɜ 

ɩɪɟɜɪɚɳɟɧɢɹɯ ɢɡɨɛɭɬɚɧɨɥɚ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɪɨɣɧɵɟ ɮɨɫɮɚɬɵ ɰɢɪɤɨɧɢɹ ɫ ɰɟɡɢɟɦ ɢ ɧɢɤɟɥɟɦ 
(ɤɨɛɚɥɶɬɨɦ) ɜ ɤɚɬɢɨɧɧɨɣ ɱɚɫɬɢ ɹɜɥɹɸɬɫɹ ɚɤɬɢɜɧɵɦɢ ɢ ɫɬɚɛɢɥɶɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɞɟɝɢɞɪɚɬɚɰɢɢ ɢɡɨɛɭɬɚɧɨɥɚ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɡɨɛɭɬɟɧɚ. 

The catalytic activity of framework phosphates of the general formula Cs-Co-Zr2(PO4)3 was studied in isobutanol 

transformations in an inert atmosphere. It was shown that synthesized materials are stable and selective catalysts for 

isobutanol dehydration into isobuten. 

 

ɉɪɟɜɪɚɳɟɧɢɟ ɛɢɨɫɩɢɪɬɨɜ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɪɹɞɚ 
ɜɚɠɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɩɪɨɫɬɵɟ ɷɮɢɪɵ, ɚɥɶɞɟɝɢɞɵ, ɤɟɬɨɧɵ, ɜɨɞɨɪɨɞ ɢ ɬɚɤ 
ɞɚɥɟɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɟɝɢɞɪɚɬɚɰɢɢ ɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ 
ɫɩɢɪɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɰɟɨɥɢɬɵ, ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ ɨɤɫɢɞɵ. Ƚɥɚɜɧɵɦ 
ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɢɯ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ (ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɨɤɫɢɞɵ), ɚ ɬɚɤɠɟ 
ɧɢɡɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɵɫɬɪɨɣ ɞɟɡɚɤɬɢɜɚɰɢɢ. 
ɉɨɷɬɨɦɭ ɩɨɢɫɤ ɫɟɥɟɤɬɢɜɧɨɝɨ, ɧɟ ɞɨɪɨɝɨɝɨ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɨɰɟɫɫɨɜ ɞɟɝɢɞɪɚɬɚɰɢɢ 
ɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɫɩɢɪɬɨɜ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ. 

Ʉɚɪɤɚɫɧɵɟ ɮɨɫɮɚɬɵ ɬɢɩɚ NaSICON ɜɵɡɵɜɚɸɬ ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪɵ ɞɥɹ 
ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ [1-3] ɛɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɵɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, ɬɚɤɢɦ ɤɚɤ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶ, ɜɵɫɨɤɚɹ ɢɨɧɧɚɹ ɢ ɫɦɟɲɚɧɧɚɹ ɢɨɧɧɨ-ɷɥɟɤɬɪɨɧɧɚɹ 
ɩɪɨɜɨɞɢɦɨɫɬɶ. Ɉɫɨɛɟɧɧɨɫɬɶ NZP - ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɦɟɳɟɧɢɹ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɢɯ ɤɚɬɢɨɧɨɜ 
ɧɚ ɢɨɧɵ ɪɚɡɥɢɱɧɨɝɨ ɡɚɪɹɞɚ ɢ ɪɚɞɢɭɫɚ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɝɟɨɦɟɬɪɢɢ ɤɚɪɤɚɫɚ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɦɟɧɹɬɶ 
ɤɨɥɢɱɟɫɬɜɨ ɢ ɫɢɥɭ ɤɢɫɥɨɬɧɵɯ ɢ ɨɫɧɨɜɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɜɪɚɳɟɧɢɹ 
ɫɩɢɪɬɚ (ɚɥɶɞɟɝɢɞ/ɤɟɬɨɧ ɢɥɢ ɨɥɟɮɢɧ) ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɢ 
ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ⱦɜɨɣɧɵɟ ɢ ɬɪɨɣɧɵɟ ɤɨɛɚɥɶɬɫɨɞɟɪɠɚɳɢɟ ɮɨɫɮɚɬɵ Cs1-2xCoxZr2(PO4)3 (x=0,15; 0,25; 0,50) ɫɨ 
ɫɬɪɭɤɬɭɪɨɣ NASICON ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɨɥɶ–ɝɟɥɶ ɦɟɬɨɞɨɦ. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɊɎȺ, ȻɗɌ, ɊɎɗɋ, ɍɎ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 
Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɮɨɫɮɚɬɨɜ ɛɵɥɢ ɢɡɭɱɟɧɵ ɜ ɪɟɚɤɰɢɹɯ ɩɪɟɜɪɚɳɟɧɢɹ 
ɢɡɨɛɭɬɚɧɨɥɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɚɫɬɢɱɧɨɟ ɡɚɦɟɳɟɧɢɟ ɢɨɧɚ ɰɟɡɢɹ ɧɚ ɤɨɛɚɥɶɬ 
ɩɪɢɜɨɞɢɬ ɤ ɥɢɧɟɣɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɚ ɩɨɥɧɨɟ – ɤ 
ɢɡɦɟɧɟɧɢɸ ɬɢɩɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɫ ɪɟɡɤɢɦ ɭɦɟɧɶɲɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɹɱɟɣɤɢ. Ȼɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɪɟɚɤɰɢɟɣ ɩɪɟɜɪɚɳɟɧɢɹ ɢɡɨɛɭɬɚɧɨɥɚ ɹɜɥɹɟɬɫɹ ɪɟɚɤɰɢɹ ɞɟɝɢɞɪɚɬɚɰɢɢ. 
Ɍɪɨɣɧɵɟ ɮɨɫɮɚɬɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɨɣɧɵɦɢ. 
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Ɋɚɫɫɱɢɬɚɧɵ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɋi•••ɋɛ (ɝɞɟ ɋɛ - ɚɬɨɦ ɭɝɥɟɪɨɞɚ ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ, ɋi 

(ɝɞɟ i=1…n) ɚɬɨɦ ɭɝɥɟɪɨɞɚ ɜ ɡɚɦɟɫɬɢɬɟɥɟ) ɞɥɹ ɝɨɦɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ ɩ-ɧ-ɚɥɤɢɥɨɤɫɢɛɟɧɡɨɣɧɵɯ ɤɢɫɥɨɬ. Ɉɬɦɟɱɟɧɨ, 
ɱɬɨ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ Ci•••Cɛ, ɝɞɟ i - ɧɟɱɟɬɧɨɟ, ɨɤɚɡɵɜɚɸɬɫɹ ɛɨɥɶɲɟ ɚɦɩɥɢɬɭɞ 
ɤɨɥɟɛɚɧɢɣ Ci•••Cɛ, ɝɞɟ i – ɱɟɬɧɨɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɤɨɧɰɟɜɵɯ ɚɬɨɦɨɜ ɡɚɦɟɫɬɢɬɟɥɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɧɡɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɞɥɹ ɱɟɬɧɵɯ ɝɨɦɨɥɨɝɨɜ ɤɢɫɥɨɬɵ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɧɟɱɟɬɧɵɯ ɝɨɦɨɥɨɝɨɜ. 

Ɇɟɠɞɭ ɚɦɩɥɢɬɭɞɚɦɢ ɤɨɥɟɛɚɧɢɣ ɤɨɧɰɟɜɵɯ ɚɬɨɦɨɜ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩ-ɧ-ɚɥɤɢɥɨɤɫɢɛɟɧɡɨɣɧɵɯ ɤɢɫɥɨɬɚɯ ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ NI ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɨɬɱɟɬɥɢɜɚɹ ɤɨɪɪɟɥɹɰɢɹ. ɑɟɦ ɛɨɥɶɲɟ ɞɚɧɧɚɹ ɚɦɩɥɢɬɭɞɚ 
ɤɨɥɟɛɚɧɢɣ, ɬɟɦ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

Intramolecular vibration amplitudes Ci ••• Cb (where Cb is the carbon atom of the benzene ring, Ci (where i = 1 ... n) the 

carbon atom in the substituent) are calculated for the homologous series of p-n-alkyloxybenzoic acids. It is noted that within 

one molecule the vibration amplitudes Ci••• Cb, where i is odd, turn out to be greater than the vibration amplitudes Ci ••• Cb, 

where i is even. It is shown that the amplitude of the vibrations of the terminal atoms of the substituent relative to the benzene 

fragment for even acid homologs is less, than for odd homologues. 

Between the amplitudes of the vibrations of the terminal atoms of the substituent in p-n-alkyloxybenzoic acids and the 

temperature of the N→I phase transitions, a clear correlation is observed. The larger vibration amplitude, the lower the 
temperature of the phase transition is. 

 
əɞɟɪɧɚɹ ɞɢɧɚɦɢɤɚ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɨɩɪɨɫɨɜ ɨ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɜ 

ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɭɬ ɤɚɤ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɬɚɤ ɢ ɚɦɩɥɢɬɭɞɵ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɨɫɨɛɟɧɧɨ 
ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɠɟɫɬɤɢɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɨ ɫɪɚɜɧɟɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɢ 
ɚɦɩɥɢɬɭɞ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɞɥɹ ɦɨɥɟɤɭɥɵ ɩ-ɧ-
ɛɭɬɢɥɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɚɦɩɥɢɬɭɞ 
ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ ɜ ɩ-ɧ-ɚɥɤɢɥɨɤɫɢɛɟɧɡɨɣɧɵɯ 
ɤɢɫɥɨɬɚɯ. 

I. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɩ-ɧ-бɭɬɢɥɨɤɫɢбеɧɡɨɣɧɨɣ 
ɤɢɫɥɨɬы ɫɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦɢ ɫɦɟщɟɧɢɹɦɢ ɚɬɨɦɨɜ ɜ ɤɪɢɫɬɚɥɥɟ. 

ȼ ɪɚɛɨɬɟ [1] ɩɪɢ ɢɡɭɱɟɧɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɩ-ɧ-ɛɭɬɢɥɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ 
ɩɪɢɜɟɞɟɧɵ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ Uxx, Uyy, Uzz ɞɜɭɯ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ 
ɤɪɢɫɬɚɥɥɟ, ɩɟɪɜɵɣ ɚɬɨɦ ɋ4 (ɪɢɫ.1) ɧɚɯɨɞɢɬɫɹ ɜ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɟ ɡɚɦɟɫɬɢɬɟɥɹ –OC4H9, ɚ ɜɬɨɪɨɣ 
(ɋɛ) ɹɜɥɹɟɬɫɹ ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ ɮɟɧɢɥɶɧɨɝɨ ɤɨɥɶɰɚ. Ⱦɚɧɧɵɟ ɚɦɩɥɢɬɭɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɢ ɞɜɭɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ (ɬɚɛɥ. 1), ɜ ɨɫɧɨɜɧɨɦ ɨɬɪɚɠɚɸɬ ɬɪɚɧɫɥɹɰɢɨɧɧɵɟ ɢ ɥɢɛɪɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɚ ɬɚɤɠɟ ɞɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɨɜ.  

ɇɚɦɢ ɞɥɹ ɬɨɣ ɠɟ ɫɬɪɭɤɬɭɪɵ ɩ-ɧ-ɛɭɬɢɥɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 
ɩɚɪɚɥɥɟɥɶɧɵɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɦɟɠɞɭ ɷɬɢɦɢ ɚɬɨɦɚɦɢ. Ʌɢɧɢɢ ɫɨɟɞɢɧɹɸɳɢɟ ɞɚɧɧɵɟ ɚɬɨɦɵ 
ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɞɢɪɟɤɬɨɪɚ ɦɨɥɟɤɭɥɵ, ɢ ɩɨɷɬɨɦɭ ɤɜɚɞɪɚɬɵ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ (ɋ2) ɦɨɠɧɨ ɫɨɩɨɫɬɚɜɢɬɶ ɫ ɫɭɦɦɨɣ Uxx(ɋ1)+ Uxx( ɋ2). 

Ɋɚɫɱɟɬ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɜɵɩɨɥɧɟɧ ɩɨ ɩɪɨɝɪɚɦɦɟ VibMoldule [2]. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɦɨɥɟɤɭɥɵ ɢ ɤɜɚɞɪɚɬɢɱɧɵɟ ɫɢɥɨɜɵɟ ɩɨɫɬɨɹɧɧɵɟ, 
ɩɨɥɭɱɟɧɧɵɟ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ DFT/B97D/6-311++G** [3] (ɩɚɤɟɬ Gaussian09 [4]) 
ȼɢɡɭɚɥɢɡɚɰɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ChemCraft [5]. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɞɥɹ ɦɨɥɟɤɭɥɵ ɩ-ɧ-

ɛɭɬɢɥɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ, ɭɤɚɡɚɧɧɵɯ ɜ ɪɚɛɨɬɟ [1] ɢ ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚɦɢ. 
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Ɍɚɛɥɢɰɚ 1.  
ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ Uxx, ɞɜɭɯ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɤɪɢɫɬɚɥɥɟ 

[1] ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɩɚɪɵ ɚɬɨɦɨɜ ɋ4•••ɋɛ 

Ɍɟɦɩɟɪɚɬɭɪɚ Uxx(ɋ4)            Uxx(ɋɛ)                       Σ Uxx[1] l2
ɋ4-ɋɛ 

T1=123 K 0.0497              0.0261                        0.0758 0.0052 

T2=250 K 0.1545              0.0734                        0.2279 0.0067 

T3=420 K       -                      -                                  -         0.012 

 
ȼɢɞɧɨ, ɱɬɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɟ ɚɦɩɥɢɬɭɞɵ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɥɟɛɚɧɢɣ l2 ɫɨɫɬɚɜɥɹɸɬ 

ɥɢɲɶ ɦɚɥɭɸ ɱɚɫɬɶ ɨɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɬɪɚɧɫɥɹɰɢɨɧɧɵɦɢ ɢ ɥɢɛɪɚɰɢɨɧɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɢɧɞɢɜɢɞɭɚɥɶɧɭɸ ɦɨɥɟɤɭɥɭ ɩ-ɧ-ɚɥɤɢɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɞɢɧɚɦɢɱɟɫɤɢ ɠɟɫɬɤɭɸ ɫɢɫɬɟɦɭ. 

II. Ⱥɧɚɥɢɡ ɢɡɦɟɧɟɧɢɣ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 
ɪɚɞɢɤɚɥɚ ɜ ɩ-ɧ-ɚɥɤɢɥɨɤɫɢɛɟɧɡɨɣɧɵɯ ɤɢɫɥɨɬɚɯ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɦɨɥɟɤɭɥ ɩ-ɧ-
ɚɥɤɢɥɨɤɫɢɛɟɧɡɨɣɧɵɯ ɤɢɫɥɨɬ ɫ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɨɣ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ (n=3, n=4, n=7). 
ɉɚɪɚɥɥɟɥɶɧɵɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɞɥɹ ɷɬɢɯ ɦɨɥɟɤɭɥ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɪɢ Ɍ=420 Ʉ, ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2. 

 
Ɋɢɫ.1. Ɇɨɥɟɤɭɥɚ ɩ-ɧ-ɛɭɬɢɥɨɤɫɢɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ 

Ɍɚɛɥɢɰɚ 2 
Ɇɟɠɴɹɞɟɪɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɢ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɦɟɠɞɭ ɩɚɪɚɦɢ ɚɬɨɦɨɜ  

ɜ ɦɨɥɟɤɭɥɚɯ ɩ-ɧ-ɚɥɤɢɥɨɤɫɢɛɟɧɡɨɣɧɵɯ ɤɢɫɥɨɬ 
 R=―C3H7 

n=3 
R=―C4H9 

n=4 
R=―C7H15 

n=7 

 r (Å) l (T=420 K) r (Å) l (T=420 K) r (Å) l (T=420 K) 

C1•••Cɛ.    5.08 0.0901 5.08 0.0902 5.08 0.0885 

C2•••Cɛ.    6.47 0.0880 6.47 0.0880 6.47 0.0878 

C3•••Cɛ.    7.60 0.1314 7.60 0.1317 7.59 0.1233 

C4•••Cɛ.       -    - 8.98 0.1091 8.98 0.1094 

C5•••Cɛ.       -    -    -     - 10.14 0.1522 

C6•••Cɛ.       -    -    -     - 11.51 0.1303 

C7•••Cɛ.       -    -    -     - 12.69 0.1817 

ɋɛ. - ɚɬɨɦ ɭɝɥɟɪɨɞɚ ɜ ɮɟɧɢɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ. ɋ1, ɋ2,ɋ3,ɋ4,….ɋ7-ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ ɜ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɪɚɞɢɤɚɥɟ (ɫɦ. Ɋɢɫ.1.) 

 
Ⱥɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɦɟɠɞɭ ɨɞɢɧɚɤɨɜɵɦɢ ɩɚɪɚɦɢ ɚɬɨɦɨɜ C1•••Cɛ, C2•••Cɛ, C3•••Cɛ, C4•••Cɛ. – 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɸɬɫɹ ɩɪɢ ɭɞɥɢɧɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ. Ɉɞɧɚɤɨ ɜ ɡɧɚɱɟɧɢɹɯ 
ɚɦɩɥɢɬɭɞ, ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɪɟɫɧɚɹ ɬɟɧɞɟɧɰɢɹ ɩɨɞɨɛɧɚɹ ɱɟɬɧɨ-ɧɟɱɟɬɧɨɦɭ ɷɮɮɟɤɬɭ, 
ɧɚɛɥɸɞɚɟɦɨɦɭ ɜ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. 
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Ɍɨ ɟɫɬɶ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ Ci•••Cɛ, ɝɞɟ i - ɧɟɱɟɬɧɨɟ, 
ɨɤɚɡɵɜɚɸɬɫɹ ɛɨɥɶɲɟ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ Ci•••Cɛ,  ɝɞɟ i – ɱɟɬɧɨɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɦɩɥɢɬɭɞɵ 
ɤɨɥɟɛɚɧɢɣ ɤɨɧɰɟɜɵɯ ɚɬɨɦɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɟɧɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɞɥɹ ɱɟɬɧɵɯ ɝɨɦɨɥɨɝɨɜ ɤɢɫɥɨɬɵ 
ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɧɟɱɟɬɧɵɯ ɝɨɦɨɥɨɝɨɜ. 

Ɇɟɠɞɭ ɚɦɩɥɢɬɭɞɚɦɢ ɤɨɥɟɛɚɧɢɣ ɤɨɧɰɟɜɵɯ ɚɬɨɦɨɜ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ NI ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɨɬɱɟɬɥɢɜɚɹ ɤɨɪɪɟɥɹɰɢɹ. ɑɟɦ ɛɨɥɶɲɟ ɞɚɧɧɚɹ ɚɦɩɥɢɬɭɞɚ 
ɤɨɥɟɛɚɧɢɣ, ɬɟɦ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

Ɍɚɤ ɞɥɹ ɝɨɦɨɥɨɝɚ ɤɢɫɥɨɬɵ ɫ ɪɚɞɢɤɚɥɨɦ n=3 (―C3H7) TNI=154 C; ɞɥɹ ɝɨɦɨɥɨɝɚ ɤɢɫɥɨɬɵ n=4 

(―C4H9) TNI=160 C; ɞɥɹ ɝɨɦɨɥɨɝɚ ɤɢɫɥɨɬɵ n=7 (―C7H15) TNI=146 C [6] 
 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ Ɉɛɪɚɡɨɜɚɧɢɹ ɢ ɇɚɭɤɢ ɊɎ (ɲɢɮɪ 

4.7121.2017/Ȼɑ). 
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ɍȾɄ 541.49; 57.013 

 
ɄȼȺɇɌɈȼɈ-ɏɂɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɂ ɋɉȿɄɌɊȺɅɖɇɕɏ 
ɋȼɈɃɋɌȼ ɄɈɆɉɅȿɄɋɈȼ ȺɆɂɇɈɄɂɋɅɈɌ ɂ ɎɈɋɎɈɅɂɉɂȾɈȼ ɋ ɄȺɌɂɈɇȺɆɂ 

ɌəɀȿɅɕɏ ɆȿɌȺɅɅɈȼ 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ (ɭɫɬɨɣɱɢɜɨɫɬɶ, 

ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ) ɢ ɫɩɟɤɬɪɚɥɶɧɵɯ (ɚɧɚɥɢɡ ɱɚɫɬɨɬ ɂɄ-ɫɩɟɤɬɪɨɜ) ɫɜɨɣɫɬɜ ɤɨɦɩɥɟɤɫɨɜ ɚɦɢɧɨɤɢɫɥɨɬ ɢ 
ɮɨɫɮɨɥɢɩɢɞɨɜ ɫ ɤɚɬɢɨɧɚɦɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. 

This paper presents a quantum-chemical study of the structure (stability, geometric configuration) and spectral 

(frequency analysis of the IR spectra) properties complexes of amino acids and phospholipids with heavy metal cations. 

 

Ɉɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɵ ɹɜɥɹɟɬɫɹ 
ɩɨɢɫɤ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɩɨɫɨɛɧɵɯ ɜɵɫɬɭɩɚɬɶ ɜ ɪɨɥɢ ɛɢɨɚɤɤɭɦɭɥɹɬɨɪɨɜ 
ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. ɂɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɧɚɤɨɩɥɟɧɢɸ 
ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɛɚɤɬɟɪɢɹɦɢ, ɪɚɫɬɟɧɢɹɦɢ, ɝɪɢɛɚɦɢ ɢ ɠɢɜɨɬɧɵɦɢ. Ɇɟɯɚɧɢɡɦɵ ɚɤɤɭɦɭɥɹɰɢɢ 
ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɪɚɡɥɢɱɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ ɢɫɫɥɟɞɨɜɚɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ [1, 2, 3, 4].  

Ȼɚɤɬɟɪɢɢ ɨɤɪɭɠɟɧɵ ɞɜɭɫɥɨɣɧɨɣ ɛɢɥɢɩɢɞɧɨɣ ɦɟɦɛɪɚɧɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɮɨɫɮɨɥɢɩɢɞɨɜ. 
ɇɚɤɨɩɥɟɧɢɟ ɦɟɬɚɥɥɨɜ ɛɚɤɬɟɪɢɹɦɢ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ 
ɫɜɹɡɟɣ ɦɟɬɚɥɥɨɜ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɮɨɫɮɨɥɢɩɢɞɨɜ ɦɟɦɛɪɚɧ ɛɚɤɬɟɪɢɣ ɢ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶɫɹ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ, ɥɢɛɨ ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ ɜɨɜɧɭɬɪɶ ɛɚɤɬɟɪɢɢ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɨɜ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ, ɜɯɨɞɹɳɢɦɢ ɜ ɫɨɫɬɚɜ 
ɛɟɥɤɨɜ ɦɟɦɛɪɚɧ ɢɥɢ ɫɜɨɛɨɞɧɵɦɢ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ [5].  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɤɨɨɪɞɢɧɚɰɢɢ ɤ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɱɚɫɬɤɚɦ ɛɟɥɤɚ, ɤɚɬɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 
ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɚɦɢɧɨɤɢɫɥɨɬ, ɜɨɡɦɨɠɧɨ ɩɨ ɩɨɞɨɛɢɸ ɫɜɹɡɵɜɚɧɢɹ 
ɩɪɨɫɬɟɬɢɱɟɫɤɢɯ ɝɪɭɩɩ ɮɟɪɦɟɧɬɨɜ ɫ ɦɟɬɚɥɥɚɦɢ, ɜɯɨɞɹɳɢɯ ɜ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ [6]. 

Ⱦɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɨɩɢɫɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɧɚɤɨɩɥɟɧɢɹ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɪɚɡɥɢɱɧɵɦɢ 
ɛɚɤɬɟɪɢɹɦɢ ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɹɡɵɜɚɧɢɹ 
ɦɟɬɚɥɥɨɜ ɫ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ, ɮɨɫɮɨɥɢɩɢɞɚɦɢ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɚɛɨɬɵ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɵ.  

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɤɨɦɩɥɟɤɫɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ (Zn2+, Cd2+, Co2+, Pb2+) ɫ 
ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ – ɜɚɥɢɧ (Val) ɢ ɚɥɚɧɢɧ (Ala), ɫ ɮɨɫɮɨɥɢɩɢɞɨɦ – ɮɨɫɮɚɬɢɞɢɥɷɬɚɧɨɥɚɦɢɧ (PEH), ɜ 
ɫɨɨɬɧɨɲɟɧɢɹɯ 1:2. 

Ɋɚɜɧɨɜɟɫɧɵɟ ɝɟɨɦɟɬɪɢɢ ɤɨɦɩɥɟɤɫɨɜ [Val--Me2+-Val-], [Ala--Me2+-Ala-], [PEH-Me2+-PEH] ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ (DFT) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɢɛɪɢɞɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 
B3LYP ɜ ɩɨɥɧɨɷɥɟɤɬɪɨɧɧɨɦ ɛɚɡɢɫɟ DZP (Double Zeta Polarization).  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɨ ɜɫɟɯ ɤɨɦɩɥɟɤɫɚɯ ɚɥɚɧɢɧ, ɜɚɥɢɧ ɢ ɮɨɫɮɚɬɢɞɢɥɷɬɚɧɨɥɚɦɢɧ ɫɜɹɡɵɜɚɟɬɫɹ ɫ 
ɢɨɧɨɦ ɦɟɬɚɥɥɚ ɛɢɞɟɧɬɚɧɬɧɨ (ɪɢɫ.). ȼ ɤɨɦɩɥɟɤɫɚɯ [Val--Me2+-Val-], [Ala--Me2+-Ala-] ɞɥɹ ɤɚɬɢɨɧɨɜ 
ɰɢɧɤɚ(II), ɤɚɞɦɢɹ(II) ɢ ɤɨɛɚɥɶɬɚ(II) ɪɟɚɥɢɡɭɟɬɫɹ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɟ ɨɤɪɭɠɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ 
ɚɬɨɦɚɦɢ O ɢ N. ȼɨ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ, ɫɜɹɡɚɧɧɵɟ ɢɨɧɧɨɣ ɢ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɜɹɡɹɦɢ ɫ ɦɟɬɚɥɥɨɦ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɤ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɢ ɷɧɟɪɝɢɟɣ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɨɣ ɞɥɢɧɚ ɫɜɹɡɟɣ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ ɦɟɬɚɥɥɚ ɫ ɚɬɨɦɚɦɢ O 
ɢ N ɫɨɫɬɚɜɥɹɥɚ ɛɨɥɟɟ 7 Å. Ʉɚɤ ɜɵɹɫɧɢɥɨɫɶ, ɞɥɹ ɜɫɟɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ 
ɜɨɡɪɚɫɬɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɣ ɞɢɫɫɨɰɢɚɰɢɢ) ɜ 
ɪɹɞɭ: Zn  Co < Pb < Cd. 
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Ɋɢɫ. Ɋɚɜɧɨɜɟɫɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɨɜ: A – [PEH-Zn2+-PEH]; B – [Val--Pb2+-Val-],  
C – [Ala--Zn2+-Ala-]. Ɇɟɬɨɞ ɪɚɫɱɟɬɚ – DFT/B3LYP/DZP. 

 
Ʉɨɥɟɛɚɬɟɥɶɧɵɟ ɱɚɫɬɨɬɵ (ɂɄ-ɫɩɟɤɬɪɵ) ɤɨɦɩɥɟɤɫɨɜ [Val--Me2+-Val-], [Ala--Me2+-Ala-], [PEH-

Me2+-PEH] ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɟ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ, ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ DFT/B3LYP/DZP ɫ 
ɭɱɟɬɨɦ ɫɤɚɣɥ-ɮɚɤɬɨɪɚ 0,9748 ɞɥɹ ɱɚɫɬɨɬ, ɛɨɥɶɲɟ 1800 ɫɦ-1. 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɱɚɫɬɨɬɵ Ȟ(CH3), Ȟ(ɋ-ɋ), Ȟ(ɋ-Ɉ), į(H-N-H), į(CH3) ɜɨ ɜɫɟɯ ɤɨɦɩɥɟɤɫɚɯ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ ΔȞ ≈ 10-20 ɫɦ–1. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɡɥɢɱɢɹ ɜ ɂɄ-ɫɩɟɤɬɪɚɯ 
ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɨɜ ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɱɚɫɬɨɬ Ȟ(Me-O), Ȟ(Me-N) ɜ ɨɛɥɚɫɬɢ 400-800 ɫɦ-1. ȼ 
ɂɄ-ɫɩɟɤɬɪɚɯ ɫ ɦɟɬɚɥɥɚɦɢ Pb, Cd ɢ Co ɞɚɧɧɵɟ ɱɚɫɬɨɬɵ ɢɦɟɸɬ ɧɢɡɤɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɜ ɤɨɦɩɥɟɤɫɚɯ ɫ Zn.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ «Ɉɛɥɚɫɬɧɨɝɨ ɝɪɚɧɬɚ ɜ ɫɮɟɪɟ ɧɚɭɱɧɨɣ ɢ 
ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɨ Ɉɪɟɧɛɭɪɝɫɤɨɣ ɨɛɥɚɫɬɢ» (ɩɨɫɬɚɧɨɜɥɟɧɢɟ ɨɬ 15.06.2016 ɝ., 
№14). 
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ɉɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɟɜɪɚɳɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɫ ɚɧɝɢɞɪɢɞɨɦ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ. ɋɨɤɪɚɳɟɧɢɟ ɩɟɪɢɨɞɚ ɢɧɞɭɤɰɢɢ, ɨɛɧɚɪɭɠɟɧɧɨɟ ɩɪɢ 
ɜɜɟɞɟɧɢɢ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ ɡɚɪɚɧɟɟ ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɭɤɚɡɵɜɚɟɬ ɧɚ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɣ 
ɯɚɪɚɤɬɟɪ ɩɪɨɰɟɫɫɚ ɟɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ. ɍɱɢɬɵɜɚɹ ɞɚɧɧɵɟ, ɭɤɚɡɵɜɚɸɳɢɟ ɧɚ ɝɨɦɨɝɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɦɟɯɚɧɢɡɦɚ 
ɤɚɬɚɥɢɡɚ ɪɟɚɤɰɢɢ, ɬɚɤɢɦ ɩɪɨɰɟɫɫɨɦ ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɹɜɥɹɟɬɫɹ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɨ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ Pd(0) ɜ ɪɚɫɬɜɨɪɟ. ɋɨɜɦɟɫɬɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɍɎ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɫ ɚɧɝɢɞɪɢɞɨɦ ɛɟɧɡɨɣɧɨɣ 
ɤɢɫɥɨɬɵ ɛóɥɶɲɚɹ ɱɚɫɬɶ ɩɚɥɥɚɞɢɹ (ɞɨ 90%) ɧɚɯɨɞɢɬɫɹ ɜ ɮɨɪɦɟ ɧɟɚɤɬɢɜɧɨɝɨ ɜ ɪɟɚɤɰɢɢ [PdBr4]2- . 

Carrying out a complex kinetic study made it possible to establish certain features of the transformations of the catalyst 

in the Heck reaction with benzoic anhydride. The reduction of induction period under introducing of small amount of pre-

formed active catalyst unambiguously points to autocatalytic mechanism of the active catalyst formation. Taking into account 

the data concerning homogeneous reaction mechanism, such formation is the most probably the autocatalytic reduction of 

Pd(II) from precursor to catalytically active Pd(0) in solution. The combined application of UV-spectroscopy and GC-MS 

has allowed to establish that under the Heck reaction with benzoic anhydride the majority of loaded Pd (up to 90%) are in 

[PdBr4]2- form possessing no catalytic activity. 

 

Ɋɟɚɤɰɢɹ ɚɪɢɥɢɪɨɜɚɧɢɹ ɚɥɤɟɧɨɜ ɚɧɝɢɞɪɢɞɚɦɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɩɚɥɥɚɞɢɹ, ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ [1], ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɬɨɧɤɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦ ɜɚɪɢɚɧɬɨɦ ɪɟɚɤɰɢɢ ɏɟɤɚ, 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɝɢɞɪɢɞɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɜ ɤɚɱɟɫɬɜɟ ɚɪɢɥɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ 
ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɫɧɨɜɚɧɢɹ (ɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ ɜɚɪɢɚɧɬɟ 
ɪɟɚɤɰɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɜɵɲɚɟɬ 1 ɷɤɜ ɜ ɪɚɫɱɟɬɟ ɧɚ ɫɭɛɫɬɪɚɬ). Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɜ ɯɨɞɟ 
ɪɟɚɤɰɢɢ ɚɪɢɥɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɜɬɨɪɧɨ ɩɪɟɜɪɚɳɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɚɧɝɢɞɪɢɞ. 
Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɨɱɟɜɢɞɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɚɪɢɥɢɪɨɜɚɧɢɹ ɚɥɤɟɧɨɜ, ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɦɟɯɚɧɢɡɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɧɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɪɨɞɵ ɚɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɋɥɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɨɛɭɫɥɨɜɥɟɧɚ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɨɬɟɤɚɧɢɟɦ ɜɡɚɢɦɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɩɚɥɥɚɞɢɹ 
ɜɧɭɬɪɢ ɢ ɡɚ ɩɪɟɞɟɥɚɦɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɩɚɥɥɚɞɢɹ ɩɪɢɜɨɞɢɬ ɤ 
ɢɫɤɚɠɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɤɨɪɪɟɤɬɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɧɟ ɬɨɥɶɤɨ ɜɧɭɬɪɢ 
ɨɫɧɨɜɧɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ, ɧɨ ɢ ɡɚ ɟɝɨ ɩɪɟɞɟɥɚɦɢ. 

ȼ ɭɫɥɨɜɢɹɯ «ɛɟɡɥɢɝɚɧɞɧɨɣ» ɪɟɚɤɰɢɢ ɏɟɤɚ ɦɟɠɞɭ ɚɧɝɢɞɪɢɞɨɦ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɢ ɫɬɢɪɨɥɨɦ 
ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɞɟɡɚɤɬɢɜɚɰɢɢ ɚɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 
(ɪɢɫ.1). 

 

 
 

Ɋɢɫ.1 Ɋɟɚɤɰɢɹ ɏɟɤɚ ɫ ɚɧɝɢɞɪɢɞɨɦ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ 
 

ɉɪɢ ɜɜɟɞɟɧɢɢ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ ɡɚɪɚɧɟɟ ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɜ 
ɞɪɭɝɨɦ ɪɟɚɤɬɨɪɟ ɚɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɩɟɪɢɨɞɚ 
ɚɜɬɨɭɫɤɨɪɟɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɯɚɪɚɤɬɟɪɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɝɨ 
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ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɪɟɚɤɰɢɢ. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɩɪɢ 
ɷɬɨɦ ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ Pd(0) ɜ ɪɚɫɬɜɨɪɟ [2]. Ɉɞɧɚɤɨ ɩɪɢ ɛɨɥɟɟ ɝɥɭɛɨɤɢɯ ɫɬɟɩɟɧɹɯ ɩɪɟɜɪɚɳɟɧɢɹ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɨɬ ɜɜɟɞɟɧɢɹ ɚɥɢɤɜɨɬ ɪɚɫɬɜɨɪɚ ɫ ɡɚɪɚɧɟɟ ɫɮɨɪɦɢɪɨɜɚɧɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ 
ɛɵɥ ɦɟɧɟɟ ɡɚɦɟɬɟɧ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɜɟɞɟɧɢɟ ɚɥɢɤɜɨɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 15% ɡɚɝɪɭɠɚɟɦɨɝɨ ɜ 
ɪɟɚɤɬɨɪ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɟɫɦɨɬɪɹ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɩɟɪɢɨɞɚ ɢɧɞɭɤɰɢɢ, ɩɪɢɜɨɞɢɥɨ ɤ ɭɦɟɧɶɲɟɧɢɸ 
ɜɵɯɨɞɨɜ ɩɪɨɞɭɤɬɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɜɵɯɨɞɚɦɢ ɜ ɚɧɚɥɨɝɢɱɧɨɣ ɪɟɚɤɰɢɢ ɛɟɡ ɜɜɟɞɟɧɢɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɤɚɤ 
ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɨ ɢ ɤɚɤ ɤɨɫɜɟɧɧɨɟ 
ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɯɚɧɢɡɦɚ ɞɟɡɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɭɬɟɦ ɚɝɪɟɝɚɰɢɢ 
ɪɚɫɬɜɨɪɟɧɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ Pd(0) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɢ ɡɚɬɟɦ ɛɨɥɟɟ 
ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɚɥɥɚɞɢɹ, ɞɥɹ ɤɨɬɨɪɨɣ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɧɚ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɚɹ 
ɤɢɧɟɬɢɤɚ [3]. 

ɍɎ-ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɨɟ ɨɩɟɪɚɧɞɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɢ ɚɪɢɥɢɪɨɜɚɧɢɹ ɫɬɢɪɨɥɚ ɚɧɝɢɞɪɢɞɨɦ 
ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɫɬɨɱɧɢɤɨɜ ɛɪɨɦɢɞ ɢɨɧɨɜ (NaBr, NBu4Br) ɨɞɧɨɡɧɚɱɧɨ 
ɩɨɤɚɡɚɥɨ ɨɛɪɚɡɨɜɚɧɢɟ ɚɰɢɞɨɤɨɦɩɥɟɤɫɨɜ [PdBr4]2- . Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 
ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɩɚɥɥɚɞɢɹ (ɞɨ 90%) ɩɟɪɟɯɨɞɢɬ ɜ ɮɨɪɦɭ [PdBr4]2-. ɉɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɩɪɢɪɨɞɵ 
ɞɨɛɚɜɥɹɟɦɵɯ ɜ ɫɢɫɬɟɦɭ ɫɨɟɞɢɧɟɧɢɣ-ɢɫɬɨɱɧɢɤɨɜ ɛɪɨɦɢɞ-ɢɨɧɨɜ ɫɥɚɛɨ ɜɥɢɹɟɬ ɤɚɤ ɧɚ ɧɚɱɚɥɶɧɭɸ 
ɫɤɨɪɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɬɚɤ ɢ ɧɚ ɧɚɱɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɧɚɤɨɩɥɟɧɢɹ [PdBr4]2-. 
ɏɚɪɚɤɬɟɪ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɤɨɦɩɥɟɤɫ [PdBr4]2- ɧɟ 
ɭɱɚɫɬɜɭɟɬ ɜ ɨɫɧɨɜɧɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɰɢɤɥɟ ɪɟɚɤɰɢɢ, ɩɨɫɤɨɥɶɤɭ ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɫɭɬɫɬɜɢɹ ɜ 
ɪɚɫɬɜɨɪɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɭɤɚɡɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɫɢɫɬɟɦɟ 
ɡɚɦɟɬɧɨ ɫɧɢɠɚɟɬɫɹ. ɗɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɨɛɳɟɩɪɢɧɹɬɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɨ ɩɪɟɜɪɚɳɟɧɢɹɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɤɚɬɚɥɢɡ ɩɪɨɬɟɤɚɟɬ ɧɚ ɤɨɦɩɥɟɤɫɚɯ 
ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɚɥɥɚɞɢɹ [4]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɚɤɰɢɢ ɚɪɢɥɢɪɨɜɚɧɢɹ ɫɬɢɪɨɥɚ ɚɧɝɢɞɪɢɞɨɦ 
ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ, ɤɚɤ ɢ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɫ ɚɪɢɥɝɚɥɨɝɟɧɢɞɚɦɢ, ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɚ [PdBr4]2- 
ɹɜɥɹɟɬɫɹ ɦɚɪɲɪɭɬɨɦ ɞɟɡɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 
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ɂɫɫɥɟɞɨɜɚɧɨ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɠɟɥɟɡɚ(III) ɫ ɧɨɜɵɦ ɪɟɚɝɟɧɬɨɦ ɧɚ ɨɫɧɨɜɟ ɚɰɟɬɢɥɚɰɟɬɨɧɚ 3-((2-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧɬɚɞɢɨɧɚ-2,4 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ – 1,10-ɮɟɧɚɧɬɪɨɥɢɧɚ 
ɢ α,α'-ɞɢɩɢɪɢɞɢɥɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɠɟɥɟɡɨ (III) ɫ ɪɟɚɝɟɧɬɨɦ ɨɛɪɚɡɭɟɬ ɨɤɪɚɲɟɧɧɵɟ ɪɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ, ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɚɬɨɯɪɨɦɧɵɣ ɫɞɜɢɝ ɢ ɝɢɩɟɪɯɪɨɦɧɵɣ ɷɮɮɟɤɬ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɟɤɬɪɨɦ ɛɢɧɚɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ɋɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɠɟɥɟɡɚ (III) ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɯɢɦɢɤɨ-

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɋɚɡɪɚɛɨɬɚɧɚ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɚɹ ɦɟɬɨɞɢɤɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɥɟɡɚ ɜ ɜɢɞɟ ɪɚɡɧɨɥɢɝɚɧɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ ɪɟɚɝɟɧɬɨɦ ɢ 1,10-ɮɟɧɚɧɬɪɨɥɢɧɨɦ ɜ ɮɪɭɤɬɚɯ: ɜ ɤɥɭɛɧɢɤɟ, 
ɚɛɪɢɤɨɫɟ ɢ ɜ ɛɟɥɨɣ ɱɟɪɟɲɧɟ. 

Complexation of Fe(III) with the new reagent based on acetylacetone - 3-((2-hydroxiphenyl)diazenyl)pentadion-2,4 in 

the presence and absence of hydrophobic amines – 1,10-phenanthroline and α,α`-dipyridyl has been investigated. It was 

found that, Fe(III) forms with reagent colored mixliganded complexes in the presence of hydrophobic amines, and in this 

case bathochromic shift and hyperchromic effect compared to the spectra of binary complex are observed. Mixliganded 

complexes of Fe(III) demonsrate high chemical and analytical characteristics. High selective method of spectrophotometric 

determination of iron in the form of mixliganded compex with the reagent 1,10-phenanthroline in fruits (strawberries, apricot 

and white cherry) is established.  

Ɉɛɪɚɡɨɜɚɧɢɟ ɩɪɨɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɥɟɡɚ(III) [1]. Ɋɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ Fe(III) ɫ ɷɬɢɦɢ 
ɪɟɚɝɟɧɬɚɦɢ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦɢ ɯɢɦɢɤɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [2, 3]. ȼ ɪɚɛɨɬɟ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɨ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɠɟɥɟɡɚ(III) ɫ ɧɨɜɵɦ 
ɪɟɚɝɟɧɬɨɦ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦ ɧɚ ɨɫɧɨɜɟ ɚɰɟɬɢɥɚɰɟɬɨɧɚ – 3-((2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧ-
ɬɚɞɢɨɧɚ-2,4 (R) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ – 1,10-ɮɟɧɚɧɬɪɨɥɢɧɚ (Ɏɟɧ) ɢ 
α,α'-ɞɢɩɢɪɢɞɢɥɚ (Ⱦɢɩ) ɢ ɪɚɡɪɚɛɨɬɚɧɚ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɟɝɨ 
ɦɢɤɪɨɤɨɥɢɱɟɫɬɜ ɜ ɮɪɭɤɬɚɯ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɠɟɥɟɡɨ(III) ɫ ɪɟɚɝɟɧɬɨɦ ɨɛɪɚɡɭɟɬ ɨɤɪɚɲɟɧɧɵɣ 
ɤɨɦɩɥɟɤɫ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɢ ɪɇ 1,0-7,0, ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɟɦ ɩɪɢ 434 ɧɦ, ɚ ɫɚɦ 
ɪɟɚɝɟɧɬ ɜ ɷɬɨɣ ɫɪɟɞɟ ɩɨɝɥɨɳɚɟɬ ɩɪɢ 382 ɧɦ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɤɨɦɩɥɟɤɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 
ɪɇ 4,5-5,0. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ ɨɛɪɚɡɭɸɬɫɹ ɪɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ Fe(III)-
R-Ɏɟɧ ɢ Fe(III)-R-Ⱦɢɩ, ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɚɬɨɯɪɨɦɧɵɣ ɫɞɜɢɝ ɢ ɝɢɩɟɪɯɪɨɦɧɵɣ ɷɮɮɟɤɬ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɟɤɬɪɨɦ ɛɢɧɚɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Fe(III)-R. ɋɜɟɬɨɩɨɝɥɨɳɟɧɢɟ ɤɨɦɩɥɟɤɫɨɜ Fe(III)-R-
Ɏɟɧ ɢ Fe(III)-R-Ⱦɢɩ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢ 506 ɢ 480 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɵɯɨɞ ɨɛɨɢɯ 
ɪɚɡɧɨɥɢɝɚɧɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɬɚɤɠɟ ɦɚɤɫɢɦɚɥɟɧ ɩɪɢ ɪɇ 4,5-5,0.  

Ⱦɥɹ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɛɢɧɚɪɧɨɝɨ ɢ ɪɚɡɧɨɥɢɝɚɧɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɠɟɥɟɡɚ(III). 
ȼɵɯɨɞ ɤɨɦɩɥɟɤɫɚ Fe(III)-R ɦɚɤɫɢɦɚɥɟɧ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 2,4∙10-4 Ɇ ɪɟɚɝɟɧɬɚ, ɢ ɨɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ ɟɝɨ ɪɚɫɬɜɨɪɚ ɩɨɫɬɨɹɧɧɚ ɩɪɢ 3,0-8,0 ɤɪɚɬɧɨɦ ɦɨɥɹɪɧɨɦ ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ. ȼɵɯɨɞ 
ɤɨɦɩɥɟɤɫɨɜ Fe(III)-R-Ɏɟɧ ɢ Fe(III)-R-Ⱦɢɩ ɦɚɤɫɢɦɚɥɟɧ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 2,0∙10-4 Ɇ ɪɟɚɝɟɧɬɚ ɢ 
1,2∙10-4 Ɇ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ. Ɉɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɪɚɡɧɨɥɢɝɚɧɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɩɪɢ 2,5-10-ɤɪɚɬɧɨɦ ɦɨɥɹɪɧɨɦ ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ ɢ 1,5-8,0-ɤɪɚɬɧɨɦ ɢɡɛɵɬɤɟ 
ɝɢɞɪɨɮɨɛɧɨɝɨ ɚɦɢɧɚ. ȼɫɟ ɤɨɦɩɥɟɤɫɵ ɠɟɥɟɡɚ(III) ɨɛɪɚɡɭɸɬɫɹ ɫɪɚɡɭ ɩɨɫɥɟ ɫɦɟɲɢɜɚɧɢɹ ɪɚɫɬɜɨɪɨɜ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɪɚɡɥɢɱɚɸɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶɸ. Ɍɚɤ, ɟɫɥɢ ɛɢɧɚɪɧɵɣ ɤɨɦɩɥɟɤɫ ɭɫɬɨɣɱɢɜ ɜ ɬɟɱɟɧɢɟ 2 
ɱɚɫɨɜ ɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 50 0ɋ, ɬɨ ɪɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɭɫɬɨɣɱɢɜɵ ɜ ɬɟɱɟɧɢɟ ɛɨɥɟɟ ɫɭɬɨɤ 
ɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 80 0ɋ.  

ɋɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɨɛɪɚɡɭɸɳɢɯɫɹ ɤɨɦɩɥɟɤɫɨɜ ɭɫɬɚɧɨɜɥɟɧɨ ɦɟɬɨɞɚɦɢ 
ɢɡɨɦɨɥɹɪɧɵɯ ɫɟɪɢɣ, ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɜɵɯɨɞɚ ɋɬɚɪɢɤɚ–Ȼɚɪɛɚɧɟɥɹ ɢ ɫɞɜɢɝɚ ɪɚɜɧɨɜɟɫɢɹ. ȼɫɟ 
ɦɟɬɨɞɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɛɢɧɚɪɧɨɦ ɤɨɦɩɥɟɤɫɟ – 1:2, ɚ ɜ ɪɚɡɧɨɥɢɝɚɧɞɧɵɯ 
ɤɨɦɩɥɟɤɫɚɯ – 1:2:1. ɉɨ ɦɟɬɨɞɭ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ ɨɩɪɟɞɟɥɟɧɵ ɫɬɟɯɢɨɦɟɬɪɢɹ ɢ ɤɨɧɫɬɚɧɬɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɢɧɚɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Fe(III)-R. Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɭɤɚɡɚɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, 
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ɩɨɞɬɜɟɪɠɞɟɧɵ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɟɯɢɨɦɟɬɪɢɢ ɢ ɧɚɣɞɟɧɨ, ɱɬɨ lgȕ = 5,76±0,10. ɍɱɢɬɵɜɚɹ 
ɦɨɥɹɪɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɡɧɨɥɢɝɚɧɞɧɵɯ ɤɨɦɩɥɟɤɫɚɯ, ɨɩɪɟɞɟɥɟɧɵ ɢɯ ɤɨɧɫɬɚɧɬɵ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ: lgȕ(Fe-R-Ɏɟɧ) = 12,38±0,24; lgȕ(Fe-R-Ⱦɢɩ) = 11,15±0,20. 
Ƚɪɚɞɭɢɪɨɜɨɱɧɵɣ ɝɪɚɮɢɤ ɥɢɧɟɟɧ ɜ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟɡɚ(III) 0,45-4,48 ɦɤɝ/ɦɥ ɞɥɹ 
ɤɨɦɩɥɟɤɫɚ Fe(III)-R, 0,22-4,48 ɦɤɝ/ɦɥ - Fe(III)-R-Ɏɟɧ ɢ 0,22-3,58 ɦɤɝ/ɦɥ - Fe(III)-R-Ⱦɢɩ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɨɥɹɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɝɥɨɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɯɢɦɢɤɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.1. Ʉɚɤ ɜɢɞɧɨ, ɩɪɢ ɜɜɟɞɟɧɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ ɦɨɥɹɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ.  

Ɍɚɛɥɢɰɚ 1 
ɏɢɦɢɤɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ ɠɟɥɟɡɚ(III) ɫ  

3-((2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)ɞɢɚɡɟɧɢɥ)ɩɟɧɬɚɞɢɨɧɨɦ-2,4 ɢ ɝɢɞɪɨɮɨɛɧɵɦɢ ɚɦɢɧɚɦɢ 

Ʉɨɦɩɥɟɤɫ ɪɇɨɩɬ Ȝɦɚɤɫ, 
ɧɦ 

ΔȜ, 
ɧɦ 

İ∙10-3  
(ɩɪɢ Ȝɦɚɤɫ)  

lg ȕ ɋɨɨɬɧɨɲɟɧɢɟ 
ɤɨɦɩɨɧɟɧɬɨɜ 

ɂɧɬɟɪɜɚɥ ɥɢɧɟɣɧɨɫɬɢ 
ɝɪɚɞɭɢɪɨɜɨɱɧɨɝɨ 
ɝɪɚɮɢɤɚ, ɦɤɝ/ɦɥ 

Fe(III)-R 4,5-5,0 434 52 3,10±0,06 5,76±0,10 1:2 0,45-4,48 

Fe(III)-R-Ɏɟɧ 4,5-5,0 506 124 11,60±0,13 12,38±0,24 1:2:1 0,22-4,48 

Fe(III)-R-Ⱦɢɩ 4,5-5,0 480 98 10,00±0,11 11,15±0,20 1:2:1 0,22-3,58 

ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɨɫɬɨɪɨɧɧɢɯ ɢɨɧɨɜ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɠɟɥɟɡɚ(III) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɚɦɢɧɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɥɟɡɚ(III) ɫ ɪɟɚɝɟɧɬɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 1,10-
ɮɟɧɚɧɬɪɨɥɢɧɚ ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶɸ.  Ɍɚɤ, ɨɩɪɟɞɟɥɟɧɢɸ ɠɟɥɟɡɚ(III) ɜ ɜɢɞɟ 
ɪɚɡɧɨɥɢɝɚɧɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Fe(III)-R-Ɏɟɧ ɧɟ ɦɟɲɚɸɬ ɛɨɥɟɟ ɱɟɦ 5000-ɤɪɚɬɧɵɟ ɢɡɛɵɬɤɢ ɳɟɥɨɱɧɵɯ, 
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ; 2000-ɤɪɚɬɧɵɟ - Cd(II), Zn(II), Mn(II), Mg(II), 
Co(II), Ni(II),  Pb(II), Cr(III), U(VI); 1000-ɤɪɚɬɧɵɟ – Cu(II), Sn(II), Al(III), Ga(III), In(III), Bi(III), 
Sb(III), Th(IV), Zr(IV), Hf(IV), F-, HPO4

2-; 500-ɤɪɚɬɧɵɟ - Ti(IV), V(V), Nb(IV), Ta(IV); 100-ɤɪɚɬɧɵɟ 
- Mo(VI) ɢ W(VI). 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜ ɠɟɥɟɡɚ ɜ ɮɪɭɤɬɚɯ: ɜ 
ɤɥɭɛɧɢɤɟ, ɚɛɪɢɤɨɫɟ ɢ ɜ ɛɟɥɨɣ ɱɟɪɟɲɧɟ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɵ ɮɪɭɤɬɨɜ ɦɚɫɫɨɣ 200 ɝ ɩɨɫɥɟ 
ɜɵɫɭɲɢɜɚɧɢɹ ɩɨɦɟɳɚɥɢ ɜ ɝɪɚɮɢɬɨɜɭɸ ɱɚɲɤɭ, ɫɠɢɝɚɥɢ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɩɪɢ 600-700 ºɋ ɞɨ 
ɩɨɥɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. ɉɨɥɭɱɟɧɧɭɸ ɡɨɥɭ ɪɚɫɬɜɨɪɹɥɢ ɜ ɫɦɟɫɢ 15 ɦɥ HCl ɢ 5 
ɦɥ HNO3, ɜ ɱɚɲɤɟ ɢɡ ɫɬɟɤɥɨɭɝɥɟɪɨɞɚ, ɢ ɨɛɪɚɛɚɬɵɜɚɥɢ ɬɪɢ ɪɚɡɚ 5 ɦɥ HCl ɩɪɢ 70-80 ºɋ ɞɨ ɩɨɥɧɨɣ 
ɨɬɝɨɧɤɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. Ⱦɚɥɟɟ ɫɦɟɫɶ ɪɚɫɬɜɨɪɹɥɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ, ɮɢɥɶɬɪɨɜɚɥɢ ɜ ɤɨɥɛɭ 
ɟɦɤɨɫɬɶɸ 100 ɦɥ ɢ ɪɚɡɛɚɜɥɹɥɢ ɞɨ ɦɟɬɤɢ. Ⱥɥɢɤɜɨɬɧɭɸ ɱɚɫɬɶ (5,0-10,0 ɦɥ) ɷɬɨɝɨ ɪɚɫɬɜɨɪɚ 
ɩɟɪɟɧɨɫɢɥɢ ɜ ɦɟɪɧɭɸ ɤɨɥɛɭ ɟɦɤɨɫɬɶɸ 25 ɦɥ, ɩɪɢɛɚɜɥɹɥɢ 2,5 ɦɥ 2,0·10-3 Ɇ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ, 1,5 
ɦɥ 2,0·10-3 Ɇ ɪɚɫɬɜɨɪɚ 1,10-ɮɟɧɚɧɬɪɨɥɢɧɚ ɢ ɞɨɜɨɞɢɥɢ ɨɛɴɟɦ ɞɨ ɦɟɬɤɢ ɚɰɟɬɚɬɧɨ-ɚɦɦɢɚɱɧɵɦ 
ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ ɪɇ 4,5. Ɉɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɢɡɦɟɪɹɥɢ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ 
Lambda-40 ɩɪɢ Ȝ=506 ɧɦ ɧɚ ɮɨɧɟ ɜɨɞɵ ɜ ɤɸɜɟɬɟ, ɫ ɬɨɥɳɢɧɨɣ ɩɨɝɥɨɳɚɸɳɟɝɨ ɫɜɟɬ ɫɥɨɹ ℓ=1ɫɦ. 
ɋɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɧɚɯɨɞɢɥɢ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɫɬɪɨɟɧɧɨɦɭ ɝɪɚɞɭɢɪɨɜɨɱɧɨɦɭ ɝɪɚɮɢɤɭ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2 ɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɞɚɧɧɵɦɢ ɚɧɚɥɢɡɚ ɚɬɨɦɧɨ-
ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ (ȺȺɋ). 

 Ɍɚɛɥɢɰɚ 2 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɥɟɡɚ ɜ ɮɪɭɤɬɚɯ (n=5; Ɋ=0,95) 

Ⱥɧɚɥɢɡɢɪɭɟɦɵɣ 
ɨɛɴɟɤɬ 

ɇɚɣɞɟɧɨ Fe, % Sr 

R-Ɏɟɧ ȺȺɋ R-Ɏɟɧ ȺȺɋ 

Ʉɥɭɛɧɢɤɚ (0,976±0,040)∙10-3 (0,970±0,046)∙10-3 0,036 0,041 

Ⱥɛɪɢɤɨɫ (0,592±0,027)∙10-3 (0,586±0,032)∙10-3 0,040 0,048 

Ȼɟɥɚɹ ɱɟɪɟɲɧɹ (3,477±0,092)∙10-3 (3,503±0,109)∙10-3 0,023 0,027 
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ɋɢɧɬɟɡɢɪɨɜɚɧ ɪɟɚɝɟɧɬ ɧɚ ɨɫɧɨɜɟ ɛɟɧɡɨɢɥɚɰɟɬɨɧɚ ɢ ɢɡɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɷɬɨɝɨ ɪɟɚɝɟɧɬɚ ɜ 

ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɢɨɧɨɜ ɦɟɞɢ(II) ɢ ɠɟɥɟɡɚ (III). ɂɡɭɱɟɧɨ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɦɟɞɢ(II) ɢ ɠɟɥɟɡɚ(III) ɫ 

1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-3-ɫɭɥɶɮɨ-5-ɧɢɬɪɨɮɟɧɢɥɚɡɨ]ɛɭɬɚɞɢɨɧ-1,3(ФГСɇФȺȻ) ɢ 1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-

ɮɟɧɢɥɚɡɨ]ɛɭɬɚɞɢɨɧ-1,3(ФГФȺȻ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ. ɍɫɬɚɧɨɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. ȼɵɱɢɫɥɟɧɵ ɨɫɧɨɜɧɵɟ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ. ɂɡɭɱɟɧɨ 
ɜɥɢɹɧɢɟ ɧɟɤɨɬɨɪɵɯ ɢɨɧɨɜ ɢ ɦɚɫɤɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɛɢɧɚɪɧɨɝɨ ɢ ɪɚɡɧɨɥɢɝɚɧɞɧɨɝɨ ɤɨɦɩɥɟɤɫɨɜ ɠɟɥɟɡɚ 
(III) ɢ ɦɟɞɢ(II). 

Reagent based on benzoylacetone was synthesized and its analytical opportunities over copper(II) and iron(III) ions 

have been studied. By spectrophotometric method the complex formation of copper(II) and iron (III) with 1-phenyl-2-[2-

hydroxy-3-sulfo-5-nitro phenylazo]butadion-1,3(PhHSNPhAB) and 1-phenyl-2-[2-hydroxy-phenylazo]butadion-

1,3(PhHPhAB) in the presence of the third component has been studied. The optimal conditions of complex formation were 

established. The main spectrophotometric characteristics of the complexes were calculated. An influence of interfering ions 

and masking agents on the complex formation of binary and mixed ligand complexes has been studied. 

  

ɇɚ ɨɫɧɨɜɟ ɛɟɧɡɨɢɥɚɰɟɬɨɧɚ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ 1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-3-ɫɭɥɶɮɨ-5-
ɧɢɬɪɨɮɟɧɢɥɚɡɨ]ɛɭɬɚɞɢɨɧ-1,3(R1) ɢ 1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-ɮɟɧɢɥɚɡɨ]ɛɭɬɚɞɢɨɧ-1,3(R2) ɢ ɢɡɭɱɟɧɨ 
ɟɝɨ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɫ ɦɟɞɶɸ(II) ɢ ɠɟɥɟɡɨɦ(III) [1]. ɎȽɋɇɎȺȻ ɢ ɎȽɎȺȻ ɩɨɥɭɱɟɧɵ 
ɚɡɨɫɨɱɟɬɚɧɢɟɦ ɞɢɚɡɨɬɢɪɨɜɚɧɧɨɝɨ 2-ɚɦɢɧɨ-4-ɧɢɬɪɨ-6-ɫɭɥɶɮɨɮɟɧɨɥɚ-1 ɢ ɨɪɬɨ-ɚɦɢɧɨɮɟɧɨɥɚ ɫ 
ɛɟɧɡɨɢɥɚɰɟɬɨɧɨɦ ɜ ɫɥɚɛɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɟɝɨ ɫɨɫɬɚɜ ɢ ɫɬɪɨɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɵ ɦɟɬɨɞɚɦɢ ɂɄ ɢ 
ɉɆɊ – ɫɩɟɤɬɪɨɫɤɨɩɢɢ [2]. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɪɟɚɝɟɧɬɨɜ: 

 

 
1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-3-ɫɭɥɶɮɨ-5-ɧɢɬɪɨɮɟɧɢɥɚɡɨ] ɛɭɬɚɞɢɨɧ-1,3 (ɎȽɋɇɎȺȻ) 
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1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-ɮɟɧɢɥɚɡɨ] ɛɭɬɚɞɢɨɧ-1,3 (ɎȽɎȺȻ)  

 
ɋɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢɡɭɱɟɧɨ ɤɨɦɩɥɟɤɫɨɨɛɪɨɡɨɜɚɧɢɟ ɦɟɞɢ(II), ɠɟɥɟɡɚ(III) ɫ R1 

ɢ R2 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ (2,2׳-ɞɢɩɢɪɢɞɢɥɚ (α,α-׳ɞɢɩ), α,α׳-ɮɟɧɚɧɬɪɨɥɢɧɚ (Ɏɟɧ), 
ɷɬɢɥɟɧɞɢɚɦɢɧɚ (ɗɌȾ) ɰɟɬɢɥɩɢɪɢɞɢɧ ɯɥɨɪɢɞɚ (ɐɉCl), ɰɟɬɢɥɩɢɪɢɞɢɧ ɛɪɨɦɢɞɚ (ɐɉBr) ɢ 
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ȻɒɄɏ – 2017                                                          ɋɟɤɰɢɹ 4. ɇɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ 

 271 

ɰɟɬɢɥɬɪɢɦɟɬɢɥɚɦɦɨɧɢɣ ɛɪɨɦɢɞɚ (ɐTMABr), ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧɚ (ȾȺɆ), 
ɞɢɚɧɬɢɩɢɪɢɥɮɟɧɢɥɦɟɬɚɧɚ (ȾȺɎɆ) ɢ ɞɢɚɧɬɢɩɢɪɢɥɨɪɬɨɨɤɫɢɮɟɧɢɥɦɟɬɚɧɚ (ȾȺɈɎɆ). Ɉɫɧɨɜɧɵɟ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ.  

Ɍɚɛɥɢɰɚ. 
ɏɢɦɢɤɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ ɦɟɞɢ(II) ɢ ɠɟɥɟɡɚ(III)  

ɫ 1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-3-ɫɭɥɶɮɨ-5-ɧɢɬɪɨɮɟɧɢɥɚɡɨ]ɛɭɬɚɞɢɨɧ-1,3 ɢ  
1-ɮɟɧɢɥ-2-[2-ɝɢɞɪɨɤɫɢ-ɮɟɧɢɥɚɡɨ]ɛɭɬɚɞɢɨɧ-1,3 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

 
ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɩɨɫɬɨɪɨɧɧɢɯ ɢɨɧɨɜ ɢ ɦɚɫɤɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɟ 

ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɞɢ(II) ɢ ɠɟɥɟɡɚ (III) ɜ ɜɢɞɟ ɛɢɧɚɪɧɨɝɨ ɢ ɫɦɟɲɚɧɧɨɥɢɝɚɧɞɧɨɝɨ ɤɨɦɩɥɟɤɫɨɜ. 
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Ⱥ.ɂ. Ȼɭɫɟɜ ɋɢɧɬɟɡ ɧɨɜɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. Ɇ.: ɂɡɞ-ɜɨ ɆȽɍ, 1972 ɝ. 245 ɫ. 
2. M.N. Kopylovich., K.T. Mahmudov., M. Haukka., K.V. Luzyanin., A.I.L. Pombeiro. (E)-2-(2-(2-

hydroxyphenyl)hydrazono)-1-phenylbutane-1,3-dione: Tautomery and coordination to copper(II) // Inorg.Chim Acta. 2011, 
374, P.175-180. 

 

Ɋɟɚɝɟɧɬ ɪɇ Ȝɨɩɬ ɫɨɨɬɧɨɲɟɧɢɟ 
ɤɨɦɩɨɧɟɧɬɨɜ 

İ 10-4 ɂɧɬɟɪɜɚɥ ɥɢɧɟɣɧɨɫɬɢ 
ɝɪɚɞɭɢɪɨɜɨɱɧɨɝɨ ɝɪɚɮɢɤɚ, ɦɤɝ/ɦɥ 

ɋu-R1 3 444 1:2 1,4 0,25-3,07 

Cu-R1-ɗɌȾ 2 461 1:2:2 2,2 0,12-2,56 

Cu-R1-Ɏɟɧ 3 468 1:2:2 1,85 0,18-2,56 

Cu-R1-α,α-׳ɞɢɩ 3 471 1:2:2 1,72 0,18-2,56 

ɋu-R1-SPCl 2 456 1:2 2,3 0,12-2,56 

ɋu-R1- SPBr 2 454 1:2:2 2,2 0,12-2,56 

ɋu-R1-STMABr 2 461 1:2:1 2,5 0,12-2,56 

Fe- R2 5 425 1:2 1,79 0,11-2,74 

Fe-R2-ȾȺɆ 2 455 1:2:2 2,26 0,11-3,36 

Fe-R2-ȾȺɎɆ 3 434 1:2:1 2,67 0,11-6,72 

Fe-R2-ȾȺɈɎɆ 3 448 1:2:2 2,86 0,11-5,6 



ȻɒɄɏ – 2017                                                          ɋɟɤɰɢɹ 4. ɇɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ 

 272 

ɍȾɄ 544.228 

 

ȾȼɈɃɇɈȿ ȾɈɉɂɊɈȼȺɇɂȿ ɆɈɅɂȻȾȺɌȺ ȼɂɋɆɍɌȺ: ɋɂɇɌȿɁ ɂ ȺɌɌȿɋɌȺɐɂə 

ɌȼȿɊȾɕɏ ɊȺɋɌȼɈɊɈȼ Bi13-xAxMo5-yByO34±δ (A ‒ Ba, Mn; B ‒ V, Co, W, Fe) 
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Ɂɚɦɟɳɟɧɢɟ Bi13Mo5O34±δ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɨɡɦɨɠɧɨ ɜ ɩɨɡɢɰɢɢ ɦɨɥɢɛɞɟɧɚ ɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɚɬɨɦɨɜ 

ɜɢɫɦɭɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɵ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɞɜɨɣɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɤɨɥɨɧɱɚɬɨɝɨ ɦɨɥɢɛɞɚɬɚ ɜɢɫɦɭɬɚ 
ɜɵɝɥɹɞɹɬ ɤɚɤ Bi13-xMe'xMo5-yMe"yO34±δ (ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ Me ': Ba, Mn ɢ Me ": V, Co, W, Fe). Ɉɛɪɚɡɰɵ ɫɢɧɬɟɡɢɪɨɜɚɧɵ 
ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɞɜɟ ɫɬɚɞɢɢ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɊɎȺ. 
ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ ɢɫɫɥɟɞɨɜɚɧɚ ɦɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɉɨɤɚɡɚɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɬɪɢɱɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ. 

Substitution in Bi13Mo5O34±δ is possible in the position of molybdenum and isolated bismuth atoms. The formulas of 

substitutional solid solutions look like Bi13-xMe'xMo5-yMe"yO34±δ. The paper discusses the research of the availability and 

property measurement of oxygenic ionic conductors based on bismuth molibdates with a double substitution (Me ': Ba,Mn 

and Me ": V, Co, W, Fe). The samples were synthesized by the standard ceramic technology in two stages, the phase 

composition was controlled by the method of x-ray analysis. The electrical conductivity of complex oxides studied using 

impedance spectroscopy. Significant increase in conductivity comparing to the matrix compound has been shown. 

 
Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɢ ɭɫɬɚɧɨɜɥɟɧɢɸ ɫɜɨɣɫɬɜ 

ɤɢɫɥɨɪɨɞɧɨ-ɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɦɨɥɢɛɞɚɬɚ ɜɢɫɦɭɬɚ Bi13Mo5O34±į. Ɇɚɬɪɢɱɧɨɟ 
ɫɨɟɞɢɧɟɧɢɟ Bi13Mo5O34±į ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɭɧɢɤɚɥɶɧɵɟ ɞɥɹ ɬɜёɪɞɵɯ ɨɤɫɢɞɨɜ 
ɤɨɥɨɧɱɚɬɵɟ ɮɪɚɝɦɟɧɬɵ [Bi12O14]n

8n+, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɜɞɨɥɶ ɨɫɢ y, ɢ ɨɤɪɭɠɟɧɧɵɟ ɤɢɫɥɨɪɨɞɧɨ-
ɦɨɥɢɛɞɟɧɨɜɵɦɢ ɩɨɥɢɷɞɪɚɦɢ ɢ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɢɨɧɚɦɢ ɜɢɫɦɭɬɚ (Ɋɢɫ.1) [1,2]. Bi13Mo5O34±į 
ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɬɪɢɤɥɢɧɧɨɣ ɫɢɦɦɟɬɪɢɢ, ɩɟɪɟɯɨɞɹ ɩɪɢ 310 °ɋ ɜ ɭɫɬɨɣɱɢɜɭɸ ɦɨɧɨɤɥɢɧɧɭɸ 
ɦɨɞɢɮɢɤɚɰɢɸ ɢ ɩɪɨɹɜɥɹɟɬ ɫɟɛɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɨɞɧɨɦɟɪɧɵɣ ɤɢɫɥɨɪɨɞɧɨ-ɢɨɧɧɵɣ ɩɪɨɜɨɞɧɢɤ: 
ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɜ ɫɬɪɭɤɬɭɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɧɢɡɨɬɪɨɩɧɨ, ɜɞɨɥɶ ɤɨɥɨɧɨɤ.  

 

 
 

Ɋɢɫ.1. ɋɬɪɭɤɬɭɪɚ Bi26Mo10O69 (Bi13Mo5O34±į) ɩɨ ɦɨɞɟɥɢ Buttrey: ɦɨɞɟɥɶ «Bi26Mo10O68»: ɩɪɨɟɤɰɢɹ ɧɚ 
ɩɥɨɫɤɨɫɬɢ xoz (a) ɢ xoy (ɛ). Ȼɟɥɵɦɢ ɥɢɧɢɹɦɢ ɜɵɞɟɥɟɧɵ ɝɪɚɧɢɰɵ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ 

 

ɐɟɥɶɸ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɨɩɢɪɨɜɚɧɢɹ ɦɨɥɢɛɞɚɬɚ ɜɢɫɦɭɬɚ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɟɝɨ ɨɛɳɟɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢɡ 
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ɬɪɢɤɥɢɧɧɨɣ ɩɨɥɢɦɨɪɮɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɦɨɧɨɤɥɢɧɧɭɸ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ 
ɫɨɟɞɢɧɟɧɢɹ:  

Bi12.7Mn0.3Mo5-yFeyO34.5±į (y≤0.3, Δy=0.1); Bi13-xMnxMo4.7Fe0.3O34.5±į (x≤0.3, Δx=0.1); 
Bi12.7Mn0.3Mo5-yVyO34.5±į (y≤0.7, Δy=0.1); Bi13-xMnxMo4.7V0.3O34.5±į (x≤0.3, Δx=0.1); 
Bi12.8Ba0.2Mo5-yVyO34.5±į (y≤1, Δy=0.1); Bi13-xBaxMo4.7V0.3O34.5±į (x≤0.5, Δx=0.1); 
Bi12.8Ba0.2Mo5-yWyO34.5±į (y≤0.7, Δy=0.1); Bi13-xBaxMo4.5W0.5O34.5±į (x≤0.5, Δx=0.1); 
Bi12.8Ba0.2Mo5-yFeyO34.5±į (y≤0.3, Δy=0.1); Bi13-xBaxMo4.7Fe0.3O34.5±į (x≤0.5, Δx=0.1); 
Bi12.8Ba0.2Mo5-yCoyO34.5±į (y≤0.2, Δy=0.05); Bi13-xBaxMo4.9Co0.1O34.5±į (x≤0.5, Δx=0.1).  

 
Ɉɛɪɚɡɰɵ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɞɜɟ ɫɬɚɞɢɢ (550 °C 

- ɡɚɤɚɥɤɚ, 880 °C), ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɊɎȺ. Ɉɩɪɟɞɟɥɟɧɵ ɨɛɥɚɫɬɢ 
ɝɨɦɨɝɟɧɧɨɫɬɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɨɛɥɚɫɬɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ. ɋ 
ɜɨɡɪɚɫɬɚɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɩɚɧɬɚ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɫɢɦɦɟɬɪɢɢ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɞɨ ɦɨɧɨɤɥɢɧɧɨɣ. Ɋɚɫɫɱɢɬɚɧɵ ɨɛɴёɦ ɢ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ. 
ɉɪɢ ɩɨɦɨɳɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɪɟɧɬɝɟɧɨɝɪɚɮɢɢ ɢɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɢɦɨɪɮɧɵɯ ɩɟɪɟɯɨɞɨɜ ɞɥɹ 
Bi12.8Mn0.2Mo5O34.5-į.  

ɋ ɩɨɦɨɳɶɸ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɪɨɜɟɞɟɧɚ ɚɬɬɟɫɬɚɰɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  
Ɇɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɰɢɢ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɩɨɥɭɱɟɧɧɵɯ ɩɨɪɨɲɤɨɜ ɥɟɠɢɬ ɜ 

ɢɧɬɟɪɜɚɥɟ ɨɬ 0.1 ɞɨ 20 ɦɤɦ. ȼɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɫɩɟɤɚɟɦɵɯ ɢɡ ɩɨɪɨɲɤɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ 
ɞɨɤɚɡɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɪɢɫ.2). 
 

  
 

Ɋɢɫ.2 ɂɡɨɛɪɚɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ (ɫɥɟɜɚ) ɢ ɫɤɨɥɚ ɛɪɢɤɟɬɚ (ɫɩɪɚɜɚ) ɫɨɫɬɚɜɚ  
Bi12.8Ba0.2Mo4.9 Fe0.1O34.5, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 

 

ɂɡɛɪɚɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɚɬɬɟɫɬɨɜɚɧɵ ɦɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɉɨɤɚɡɚɧɨ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɬɪɢɱɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ (ɪɢɫ.3). 
ɇɚɛɥɸɞɚɟɬɫɹ ɧɟɛɨɥɶɲɨɟ ɢɡɦɟɧɟɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ (ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ) ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɚɥɢɱɢɢ ɩɟɪɟɯɨɞɚ ɢɡ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɦɨɧɨɤɥɢɧɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɦɨɧɨɤɥɢɧɧɭɸ ɮɨɪɦɭ. ɉɨɞɨɛɧɵɣ ɷɮɮɟɤɬ ɞɥɹ ɤɨɥɨɧɱɚɬɵɯ 
ɫɬɪɭɤɬɭɪ ɨɩɢɫɚɧ ɜ ɪɚɛɨɬɟ [3], ɝɞɟ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɨɩɢɫɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɡɚɦɟɳɟɧɧɵɯ ɦɨɥɢɛɞɚɬɨɜ ɜɢɫɦɭɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɵɞɟɥɹɸɬɫɹ ɬɪɢ ɭɱɚɫɬɤɚ: 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ (ɇɌ), ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɬɪɢɤɥɢɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, ɫɪɟɞɧɟ- (ɋɌ) ɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ (ȼɌ), ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ (ɇɆ) ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
(ȼɆ) ɦɨɧɨɤɥɢɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ. Ⱥɜɬɨɪ [3] ɩɪɢɱɢɧɨɣ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɱɢɬɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɩɟɪɟɫɬɪɨɣɤɭ (ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɟ) ɫɬɪɭɤɬɭɪɵ ɜ ɪɚɦɤɚɯ 
ɨɞɧɨɣ ɫɢɦɦɟɬɪɢɢ. ɋɤɨɪɟɟ ɜɫɟɝɨ, ɨɧɚ ɡɚɬɪɚɝɢɜɚɟɬ ɤɢɫɥɨɪɨɞɧɭɸ ɩɨɞɪɟɲɟɬɤɭ ɨɛɪɚɡɰɚ ɜ ɩɪɨɰɟɫɫɟ 
ɟɝɨ ɧɚɝɪɟɜɚ/ɨɯɥɚɠɞɟɧɢɹ. ȼɨɡɦɨɠɧɨ, ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɟɦ ɤɢɫɥɨɪɨɞɧɵɯ ɩɨɥɢɷɞɪɨɜ 
ɢ ɩɨɹɜɥɟɧɢɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɩɪɹɠɟɧɧɵɯ Mo-O ɬɪɢɝɨɧɚɥɶɧɵɯ ɛɢɩɢɪɚɦɢɞ. 
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Ɋɢɫ.3. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɱɢɫɬɨɝɨ  

ɢ ɞɨɩɢɪɨɜɚɧɧɧɨɝɨ ɦɨɥɢɛɞɚɬɚ ɜɢɫɦɭɬɚ 
 

ȼɜɟɞɟɧɢɟ ɞɨɩɚɧɬɨɜ ɩɪɢɜɨɞɢɬ ɥɢɛɨ ɤ ɩɨɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢɡ 
ɬɪɢɤɥɢɧɧɨɣ ɩɨɥɢɦɨɪɮɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɦɨɧɨɤɥɢɧɧɭɸ (ɪɢɫ.3 (ɫɩɪɚɜɚ)), ɥɢɛɨ ɤ ɩɨɥɧɨɦɭ 
ɢɫɱɟɡɧɨɜɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ (ɪɢɫ.3 (ɫɥɟɜɚ)). 

ɂɫɯɨɞɹ ɢɡ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɡɚɦɟɳɟɧɧɵɯ ɦɨɥɢɛɞɚɬɨɜ 
ɜɢɫɦɭɬɚ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɨɹɜɥɹɸɬ ɫɟɛɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɟ 
ɷɥɟɤɬɪɨɥɢɬɵ ɜ ɫɪɟɞɧɟɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɆɄ-7979.2016.3 
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ɉɪɟɩɚɪɚɬɢɜɧɨ ɜɵɞɟɥɟɧɵ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɫ ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧɨɦ ɢɡ ɯɥɨɪɢɞɧɵɯ 

ɪɚɫɬɜɨɪɨɜ. ɂɡɭɱɟɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɨɜɟɞɟɧ ɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 

The complex compounds of zinc and cadmium with diantipyrylmethane were isolated from chloride solutions in 

preparative form. The solubility of the resulting complex compounds was studied. A chemical analysis of recrystallized 

complexes was carried out. 

 

ɏɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɩɨɞɯɨɞɹɳɟɝɨ ɪɟɚɝɟɧɬɚ ɫ ɨɩɪɟɞɟɥɹɟɦɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɩɨ-ɩɪɟɠɧɟɦɭ 
ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɚɡɞɟɥɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜ. Ɋɟɲɚɸɳɚɹ ɪɨɥɶ ɜ 
ɷɬɨɦ ɩɪɢɧɚɞɥɟɠɢɬ ɨɪɝɚɧɢɱɟɫɤɢɦ ɪɟɚɝɟɧɬɚɦ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɢɡɛɢɪɚɬɟɥɶɧɵɯ 
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɬ ɪɚɡɞɟɥɹɬɶ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɨɝɚɳɚɬɶ ɫɥɟɞɨɜɵɟ ɤɨɥɢɱɟɫɬɜɚ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢ, ɧɚɤɨɧɟɰ, ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɫɤɢɪɭɸɳɢɯ ɪɟɚɝɟɧɬɨɜ ɜ ɩɪɚɤɬɢɤɟ 
ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɉɨɷɬɨɦɭ ɬɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ ɩɪɢɦɟɧɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɢɦɟɟɬ 
ɨɝɪɨɦɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢɨɧɨɜ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ 
ɫɜɹɡɚɧɨ ɫ ɩɪɨɰɟɫɫɚɦɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɚɤɠɟ ɪɚɡɜɢɬɢɸ ɯɢɦɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ: ɢɡɭɱɚɸɬɫɹ ɫɨɫɬɚɜɵ ɤɨɦɩɥɟɤɫɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ, ɦɟɯɚɧɢɡɦ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧ ɨɛɪɚɡɭɟɬ ɚɰɢɞɨɤɨɦɩɥɟɤɫɵ ɢ ɤɨɦɩɥɟɤɫɵ ɜɧɟɞɪɟɧɢɹ ɫɨ 
ɦɧɨɝɢɦɢ ɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ [1]. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ ɩɪɟɩɚɪɚɬɢɜɧɨ 
ɜɵɞɟɥɢɬɶ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɫ ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧɨɦ (ȾȺɆ) ɢɡ ɯɥɨɪɢɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɢ ɭɫɬɚɧɨɜɢɬɶ ɢɯ ɫɨɫɬɚɜ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɪɟɩɚɪɚɬɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɨɧɨɜ 
ɦɟɬɚɥɥɨɜ. ɇɚɦɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɫɩɨɫɨɛ ɧɚɫɵɳɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ 
ɪɚɫɫɥɚɢɜɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɫ ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧɨɦ, ɢɨɧɚɦɢ ɦɟɬɚɥɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɫɥɚɢɜɚɸɳɟɣɫɹ 
ɫɢɫɬɟɦɵ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɢɫɬɟɦɚ ȾȺɆ – ɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ (ȻɄ) – HCl – ɜɨɞɚ. Ɋɚɧɟɟ [2] ɜ ɷɬɨɣ 
ɪɚɫɫɥɚɢɜɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɛɵɥɚ ɢɡɭɱɟɧɚ ɷɤɫɬɪɚɤɰɢɹ ɢɨɧɨɜ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ, ɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ȻɄ ɧɟ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɢɡɜɥɟɤɚɸɳɢɯɫɹ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɫɨɫɬɚɜ ɪɚɫɫɥɚɢɜɚɸɳɟɣɫɹ 
ɫɢɫɬɟɦɵ ɧɟ ɜɯɨɞɢɬ ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɪɚɫɫɥɚɢɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ 
ɞɢɚɧɬɢɩɢɪɢɦɟɬɚɧ ɢ ɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɤɚɤ ɩɪɨɬɨɥɢɬɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɥɢ, 
ɫɨɫɬɨɹɳɟɣ ɢɡ ɤɪɭɩɧɨɝɨ ɚɧɢɨɧɚ ɢ ɤɪɭɩɧɨɝɨ ɤɚɬɢɨɧɚ. Ɍɚɤɚɹ ɫɨɥɶ ɨɛɪɚɡɭɟɬ ɫɨɥɶɜɚɬ ɫɥɨɠɧɨɝɨ 
ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɣ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦ ɜ ɜɨɞɟ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɜɵɞɟɥɟɧɢɟ ɜ 
ɨɬɞɟɥɶɧɭɸ ɮɚɡɭ [3]. 

ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɵ ɜ ɧɚɡɜɚɧɧɨɣ ɪɚɫɫɥɚɢɜɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɨɧɚ ɨɫɬɚɟɬɫɹ 
ɠɢɞɤɨɣ ɢ ɩɨɞɜɢɠɧɨɣ, ɧɨ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɹɡɤɨɣ. ɉɪɢ ɧɚɫɵɳɟɧɢɢ ɬɚɤɨɣ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɵ 
ɢɨɧɚɦɢ ɦɟɬɚɥɥɚ ɮɚɡɚ ɩɟɪɟɯɨɞɢɬ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɜɟɪɞɨɟ (ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ), ɬɨ ɟɫɬɶ 
ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ ɫɨɥɶɜɚɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɨɧɚ ɦɟɬɚɥɥɚ. ȻɄ, 
ɤɨɬɨɪɚɹ ɧɟ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɨɫɬɚɟɬɫɹ ɜ ɜɨɞɧɨɣ ɮɚɡɟ. 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ ɬɜɟɪɞɚɹ ɮɚɡɚ, ɫɨɞɟɪɠɚɳɚɹ ɢɨɧɵ ɦɟɬɚɥɥɚ, ɛɵɥɚ 
ɨɬɞɟɥɟɧɚ ɩɭɬɟɦ ɮɢɥɶɬɪɨɜɚɧɢɹ ɢ ɨɱɢɳɟɧɚ ɨɬ ɜɨɡɦɨɠɧɵɯ ɩɪɢɦɟɫɟɣ ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧɚ ɢ 
ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɩɭɬɟɦ ɜɵɞɟɪɠɢɜɚɧɢɹ ɟɟ ɜ ɜɨɞɟ ɢ ɜ ɪɚɡɛɚɜɥɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ 
ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɨɦ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ. 

ȼɵɞɟɥɟɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɪɚɡɥɢɱɧɵɯ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɰɢɧɤɚ ɢ 
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ɤɚɞɦɢɹ ɫ ȾȺɆ ɥɭɱɲɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɠɢɞɤɨɫɬɹɯ ɫ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɛɨɥɟɟ 20 
ɟɞɢɧɢɰ (ɚɰɟɬɨɧ, ɧɢɬɪɨɛɟɧɡɨɥ, ȾɆɎȺ, ɚɰɟɬɨɧɢɬɪɢɥ, ȾɆɋɈ). ȼ ɫɥɭɱɚɟ ɫ ɦɟɧɟɟ ɩɨɥɹɪɧɵɦɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ ɪɚɫɬɜɨɪɟɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ, ɧɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɗɬɨ ɤɨɫɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ 
ɨɛɪɚɡɭɸɳɢɟɫɹ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢɦɟɸɬ ɢɨɧɧɨɟ ɫɬɪɨɟɧɢɟ, ɢ ɜɟɪɨɹɬɧɨ, ɫɨɫɬɨɹɬ ɢɡ 
ɤɪɭɩɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɚɬɢɨɧɚ ɢ ɤɪɭɩɧɨɝɨ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɢɨɧɚ. ȼɵɞɟɥɟɧɧɵɟ 
ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢɦɟɸɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ, ɤɪɢɫɬɚɥɥɵ ɨɤɪɚɲɟɧɵ ɜ ɛɟɥɵɣ ɰɜɟɬ. 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɨɞɨɦ 
ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ, ɦɟɬɨɞɨɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, ɦɟɬɨɞɨɦ ɂɄ-
ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɦɨɝɭɬ ɛɵɬɶ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ ɊɋȺ. 
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ɞɢɚɧɬɢɩɢɪɢɥɚɥɤɚɧɨɜ ɢ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ // ɀɭɪɧ. ɧɟɨɪɝɚɧ. ɯɢɦɢɢ. 2010. Ɍ. 55. № 1. ɋ.136 – 140. 
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ɇɈȼɕɃ ɆȿɌɈȾ ɋɂɇɌȿɁȺ ȻɈɊɋɈȾȿɊɀȺɓɂɏ ɂɆɂɇɈȼ 

 

ȼ.ȼ. ȼɨɢɧɨɜɚ1,2, Ⱥ.ɉ. ɀɞɚɧɨɜ1, Ʉ.ɘ. ɀɢɠɢɧ1 
1ɂɧɫɬɢɬɭɬ ɨɛɳɟɣ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɊȺɇ ɢɦ. ɇ.ɋ.Ʉɭɪɧɚɤɨɜɚ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 119071, Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪ-ɬ, 31. 
2Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, ȼɏɄ ɊȺɇ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 125047, Ɇɨɫɤɜɚ, Ɇɢɭɫɫɤɚɹ ɩɥ., 9. 
e-mail: veravoinova@rx24.ru  

 
ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧ ɩɪɨɰɟɫɫ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɧɢɬɪɢɥɢɟɜɵɦ ɩɪɨɢɡɜɨɞɧɵɦ ɤɥɨɡɨ-ɞɟɤɚɛɨɪɚɬɧɨɝɨ 

ɚɧɢɨɧɚ, ɩɪɨɬɟɤɚɸɳɢɣ ɫ ɭɱɚɫɬɢɟɦ ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɫɪɟɞɟ ɛɟɡɜɨɞɧɵɯ ɷɮɢɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɬɟɱɟɧɢɟ 30-40 ɦɢɧ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɢɦɢɧɧɨɝɨ 
ɬɢɩɚ. ɂɦɢɧɨ-ɤɥɨɡɨ-ɞɟɤɚɛɨɪɚɬ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧ ɤɚɤ ɜ ɩɪɨɬɨɧɢɪɨɜɚɧɧɨɣ, ɬɚɤ ɢ ɜ ɫɜɨɛɨɞɧɨɣ ɮɨɪɦɟ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɜɵɞɟɥɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

The interaction between nitrilium derivatives of the closo-decaborate cluster [2-B10H9NCR]- with a number of 

organomagnesium compounds has been considered. This reaction leads to the formation of substituted imine-closo-

decaborates. The process was carried out in ether solvents at room temperature for 30-40 min. Imine-closo-decaborate can 

be isolated in protonated or free forms. 

 

ɉɪɨɰɟɫɫ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɧɢɬɪɢɥɢɟɜɵɦ ɩɪɨɢɡɜɨɞɧɵɦ [2-B10H9NCR]- 
ɦɚɝɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɫɪɟɞɟ ɛɟɡɜɨɞɧɵɯ 
ɷɮɢɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ (ɌȽɎ, 2Ɇɟ-ɌȽɎ) ɜ ɬɟɱɟɧɢɟ 30-40 ɦɢɧ. ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ 
ɢɦɢɧɧɨɝɨ ɬɢɩɚ (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. Ɉɛɳɚɹ ɫɯɟɦɚ ɩɪɨɰɟɫɫɚ 
 

ɂɦɢɧɨ-ɤɥɨɡɨ-ɞɟɤɚɛɨɪɚɬ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧ ɤɚɤ ɜ ɩɪɨɬɨɧɢɪɨɜɚɧɧɨɣ, ɬɚɤ ɢ ɜ ɫɜɨɛɨɞɧɨɣ 
ɮɨɪɦɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɜɵɞɟɥɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ɍɚɤ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɚɤɰɢɨɧɧɨɣ 
ɫɦɟɫɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɨɛɪɚɡɭɟɬɫɹ ɤɥɨɡɨ-ɞɟɤɚɛɨɪɚɬ 
ɫ ɢɦɢɧɢɟɜɨɣ ɷɤɡɨ-ɩɨɥɢɷɞɪɢɱɟɫɤɨɣ ɝɪɭɩɩɨɣ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɜɢɜɚɥɟɧɬɨɦ 
(Bu4N)Br ɜ ɛɟɡɜɨɞɧɨɣ ɫɪɟɞɟ ɩɪɢɜɨɞɢɬ ɤ ɢɦɢɧɨ-ɤɥɨɡɨ-ɞɟɤɚɛɨɪɚɬɭ (ɪɢɫ. 2). 

 

 
 

Ɋɢɫ. 2. ȼɨɡɦɨɠɧɵɟ ɩɭɬɢ ɩɨɥɭɱɟɧɢɹ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ №16-33-60182 ɦɨɥ_ɚ_ɞɤ) ɢ 
ɋɨɜɟɬɚ ɩɨ ɝɪɚɧɬɚɦ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɩɪɨɟɤɬ ɆɄ-4654.2016.3) 
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ɍȾɄ 543 

 

ɆȿɏȺɇɈɏɂɆɂɑȿɋɄɈȿ ɍȾȺɅȿɇɂȿ ɇȺɄɂɉɇɕɏ ɈɌɅɈɀȿɇɂɃ 

 
ȿ.ɋ. ȼɨɥɱɤɨɜɚ, ȼ.Ɇ. ɇɢɤɨɥɶɫɤɢɣ 

Ɍɜɟɪɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 170100, Ɍɜɟɪɶ, ɀɟɥɹɛɨɜɚ, 33. 

 
ɂɡɨɛɪɟɬɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɨɱɢɫɬɤɢ ɨɬ ɧɚɤɢɩɢ ɜɧɭɬɪɟɧɧɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢɥɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜɨɞɨɝɪɟɣɧɵɯ ɢ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ, ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɜɧɭɬɪɟɧɧɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɱɚɣɧɢɤɨɜ, ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. 

The invention relates to a power system and can be used for descaling of internal surfaces of heating or heat exchange 

hot water and steam boilers, heating elements and internal surfaces of kettles, cooling systems of internal combustion engines. 

 

ɗɮɮɟɤɬɢɜɧɨɟ ɭɞɚɥɟɧɢɟ ɧɚɤɢɩɧɨ-ɤɨɪɪɨɡɢɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɫ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɢɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɚɤɬɭɚɥɶɧɨ ɢ ɨɱɟɧɶ ɜɨɫɬɪɟɛɨɜɚɧɨ. Ɉɛɵɱɧɨ, ɞɥɹ ɨɬɦɵɜɤɢ ɭɤɚɡɚɧɧɵɯ 
ɨɬɥɨɠɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ ɥɢɛɨ ɦɟɯɚɧɢɱɟɫɤɢɣ, ɥɢɛɨ ɯɢɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛɵ. Ɇɟɯɚɧɢɱɟɫɤɢɣ ɫɩɨɫɨɛ 
ɭɞɚɥɟɧɢɹ ɧɚɤɢɩɢ ɬɪɭɞɨɟɦɤɢɣ ɢ ɦɚɥɨɷɮɮɟɤɬɢɜɟɧ ɧɚ ɨɛɴɟɤɬɚɯ ɫ ɩɨɞɧɭɬɪɟɧɢɹɦɢ ɢ ɫɤɪɵɬɵɦɢ 
ɩɨɥɨɫɬɹɦɢ. ɏɢɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɡɚɱɚɫɬɭɸ ɛɵɜɚɟɬ ɢɡɥɢɲɧɟ ɚɝɪɟɫɫɢɜɟɧ ɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɪɚɡɪɭɲɟɧɢɸ ɧɟ ɬɨɥɶɤɨ ɨɬɥɨɠɟɧɢɣ, ɧɨ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɦɵɜɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ʉ ɬɨɦɭ ɠɟ 
ɯɢɦɢɱɟɫɤɢɣ ɩɭɬɶ ɭɞɚɥɟɧɢɹ ɧɚɤɢɩɢ ɬɪɟɛɭɟɬ ɧɚ ɤɚɠɞɭɸ ɩɪɨɦɵɜɤɭ ɧɨɜɨɣ ɩɨɪɰɢɢ ɯɢɦɢɤɚɬɨɜ. 

ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɨɝɨ ɭɞɚɥɟɧɢɹ ɧɚɤɢɩɧɵɯ ɨɬɥɨɠɟɧɢɣ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɞɧɨɣ ɜɡɜɟɫɢ ɚɛɪɚɡɢɜɧɨɣ ɤɪɨɲɤɢ (0,1% ɩɨ ɦɚɫɫɟ) ɢ ɬɚɤɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɟɝɨ ɫɨɪɛɟɧɬɚ ɩɨɜɵɲɟɧɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ [1]. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɧɨɜɨɝɨ 
ɫɩɨɫɨɛɚ ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɨɣ ɨɬɦɵɜɤɢ ɧɚɤɢɩɧɵɯ ɨɬɥɨɠɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɭɬɟɦ ɭɞɚɪɧɨ-
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɟɪɟɜɨɞɚ ɜɨ ɜɡɜɟɫɶ ɧɚɤɢɩɧɵɯ ɨɬɥɨɠɟɧɢɣ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɟɪɚɫɬɜɨɪɢɦɵɯ 
ɤɚɪɛɨɧɚɬɨɜ ɤɚɥɶɰɢɹ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ ɩɟɪɟɯɨɞɨɦ ɜ ɤɢɫɥɵɟ ɤɚɪɛɨɧɚɬɵ. 

ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ ɤɢɩɹɳɟɣ ɜɡɜɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɨɬɦɵɜɨɱɧɨɣ ɫɭɫɩɟɧɡɢɢ ɢ ɦɚɥɨɪɚɫɬɜɨɪɢɦɵɯ 
ɧɚɤɢɩɧɵɯ ɨɬɥɨɠɟɧɢɣ ɢɡ ɫɪɟɞɧɢɯ ɫɨɥɟɣ (ɧɚɩɪɢɦɟɪ, ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɋɚɋɈ3 ɫɨɫɬɚɜɥɹɟɬ 1,445 
ɦɝ/100 ɝ ɇ2Ɉ [2]) ɢɨɧɵ ɜɨɞɨɪɨɞɚ ɫɨɪɛɟɧɬɚ ɩɟɪɟɜɨɞɹɬ ɫɪɟɞɧɢɟ ɫɨɥɢ ɜ ɛɨɥɟɟ ɪɚɫɬɜɨɪɢɦɵɟ ɤɢɫɥɵɟ 
ɫɨɥɢ (ɧɚɩɪɢɦɟɪ, ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɋɚ(ɇɋɈ3)2 ɫɨɫɬɚɜɥɹɟɬ 156 ɦɝ/100 ɝ ɇ2Ɉ [3]). 

ɉɨɥɭɱɚɟɦɵɟ ɤɢɫɥɵɟ ɫɨɥɢ ɧɚ 2 ɩɨɪɹɞɤɚ ɥɭɱɲɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɜɨɞɟ (156 : 1,445 = 108) ɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ ɞɢɫɫɨɰɢɢɪɭɸɬ ɧɚ ɢɨɧɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɨɧɵ ɋɚ2+, ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɫɪɟɞɧɢɯ ɫɨɥɟɣ ɜ ɤɢɫɥɵɟ ɢ ɞɚɥɟɟ, ɜ ɩɪɨɰɟɫɫɟ ɞɢɫɫɨɰɢɚɰɢɢ ɤɢɫɥɵɯ ɫɨɥɟɣ, ɚɤɬɢɜɧɨ 
ɫɨɪɛɢɪɭɸɬɫɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɦ ɫɨɪɛɟɧɬɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɞɚɥɹɸɬɫɹ ɧɚɤɢɩɧɵɟ ɨɬɥɨɠɟɧɢɹ 
ɜ ɩɪɨɰɟɫɫɟ ɤɢɩɹɱɟɧɢɹ ɨɬɦɵɜɨɱɧɨɣ ɫɭɫɩɟɧɡɢɢ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɟɦɤɨɫɬɹɯ. 

Ɉɱɢɫɬɤɭ ɛɵɬɨɜɨɝɨ ɱɚɣɧɢɤɚ ɨɛɴɟɦɨɦ 3 ɥ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɱɚɣɧɢɤ 
ɩɨɦɟɳɚɸɬ 1 ɥ ɫɭɫɩɟɧɡɢɢ, ɜɤɥɸɱɚɸɳɟɣ ɚɛɪɚɡɢɜ ɢɡ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɝɪɚɧɭɥɵ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɟɝɨ ɫɨɪɛɟɧɬɚ. ɋɭɫɩɟɧɡɢɸ ɤɢɩɹɬɹɬ ɜ ɬɟɱɟɧɢɟ 0,5 ɱɚɫɚ, ɚ ɡɚɬɟɦ ɨɬɦɵɜɨɱɧɭɸ 
ɫɭɫɩɟɧɡɢɸ ɫɥɢɜɚɸɬ ɢ ɱɚɣɧɢɤ ɩɪɨɦɵɜɚɸɬ ɜɨɞɨɣ. ȿɫɥɢ ɪɚɡɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɧɟ ɨɛɟɫɩɟɱɢɥɚ ɧɭɠɧɵɣ 
ɭɪɨɜɟɧɶ ɨɱɢɫɬɤɢ, ɨɩɟɪɚɰɢɸ ɩɨɜɬɨɪɹɸɬ ɫ ɧɨɜɨɣ ɩɨɪɰɢɟɣ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɣ ɫɭɫɩɟɧɡɢɢ, ɜ ɤɨɬɨɪɨɣ 
ɫɨɪɛɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜ ɇ-ɮɨɪɦɟ. 

ɂɫɩɨɥɶɡɨɜɚɧɧɚɹ ɨɬɦɵɜɨɱɧɚɹ ɫɭɫɩɟɧɡɢɹ ɪɟɝɟɧɟɪɢɪɭɟɬɫɹ ɜɵɦɚɱɢɜɚɧɢɟɦ ɫɨɪɛɟɧɬɚ ɜ ɪɚɫɬɜɨɪɟ 
ɦɢɧɟɪɚɥɶɧɨɣ ɤɢɫɥɨɬɵ. 
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Ɋɚɡɪɚɛɨɬɚɧ ɷɤɫɩɪɟɫɫɧɵɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɫɟɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɜ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ Vario El Cube (Elementar, Ƚɟɪɦɚɧɢɹ), ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ CHNS-ɚɧɚɥɢɡɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɭɥɶɮɚɧɢɥɚɦɢɞɚ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɚ ɩɪɢ ɪɚɛɨɬɟ 
ɫ ɩɪɨɛɚɦɢ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɚ. ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ. 
Ʉɥɸɱɟɜɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ 
ɢ ɩɪɨɫɬɨɬɚ ɟɝɨ ɜɵɩɨɥɧɟɧɢɹ. ȼɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɨɞɢɧ ɚɧɚɥɢɡ, ɧɟ ɩɪɟɜɵɲɚɟɬ 15 ɦɢɧɭɬ. 

Rapid method was developed for determining the mass fraction of sulfur trioxide in Portland cement with a Vario El 

cube elemental analyzer (Elementar, Germany) intended for a CHNS analysis of organic and inorganic samples. The 

possibility of using sulfanilamide as a standard for samples of Portland cement was confirmed. The metrological 

characteristics of the suggested procedure were evaluated. The key advantages of the suggested analytical procedure are the 

high rate of analysis and simplicity. The time required for a single analysis does not exceed 15 min. 

 
ɉɨɪɬɥɚɧɞɰɟɦɟɧɬ ɫɥɭɠɢɬ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɚɯɨɞɢɬ ɨɛɲɢɪɧɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɢɧɞɭɫɬɪɢɢ. Ɉɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɫɬɚɞɢɣ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ 
ɩɨɦɨɥ ɤɥɢɧɤɟɪɚ ɫ ɝɢɩɫɨɦ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ ɞɨɛɚɜɨɤ [1]. ɋɨɞɟɪɠɚɧɢɟ ɝɢɩɫɚ ɜ ɰɟɦɟɧɬɟ ɜɥɢɹɟɬ ɤɚɤ ɧɚ 
ɫɪɨɤɢ ɫɯɜɚɬɵɜɚɧɢɹ, ɬɚɤ ɢ ɧɚ ɧɚɪɚɫɬɚɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ. 

Ʉɨɧɬɪɨɥɶ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɜ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɟ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ȽɈɋɌ 5382-91 ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ, ɮɨɬɨɬɭɪɛɢɞɢɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɤɚɬɢɨɧɢɬɨɜɨɝɨ ɦɟɬɨɞɨɜ [1, 2]. 
ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɬɪɟɛɭɸɬ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ 
ɨɛɪɚɡɰɨɜ, ɫɜɹɡɚɧɧɨɣ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɟɪɟɜɨɞɚ ɜ ɪɚɫɬɜɨɪ ɫɥɚɛɨɪɚɫɬɜɨɪɢɦɨɝɨ ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ, ɩɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ 
ɪɢɫɤ ɧɚɥɢɱɢɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡ-ɡɚ ɧɟɩɨɥɧɨɝɨ ɩɟɪɟɜɨɞɚ ɩɪɨɛɵ ɜ ɪɚɫɬɜɨɪɢɦɭɸ 
ɮɨɪɦɭ ɢ ɱɚɫɬɢɱɧɵɯ ɩɨɬɟɪɶ ɫɭɥɶɮɚɬ ɢɨɧɨɜ ɧɚ ɪɚɡɧɵɯ ɫɬɚɞɢɹɯ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɪɚɛɨɬɤɚ ɷɤɫɩɪɟɫɫɧɨɣ ɦɟɬɨɞɢɤɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɜ ɩɪɨɛɚɯ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɬɚɤɨɣ 
ɫɩɨɫɨɛ ɚɧɚɥɢɡɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɥ ɛɵ ɨɛɨɣɬɢɫɶ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɜɨɞɚ ɩɪɨɛɵ ɜ 
ɪɚɫɬɜɨɪɢɦɭɸ ɮɨɪɦɭ. ȼ ɩɨɥɧɨɣ ɦɟɪɟ ɷɬɨɦɭ ɭɫɥɨɜɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ CHNS-ɷɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɨɜ ɩɨɫɥɟɞɧɟɝɨ ɩɨɤɨɥɟɧɢɹ. 

ɋɥɨɠɧɨɫɬɶ CHNS-ɷɥɟɦɟɧɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɟɣ ɫɟɪɵ ɜ ɩɪɨɛɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨɟɦ 
ɫɨɫɬɚɜɟ CaSO4, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɚɤɬɢɜɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɷɬɨɣ ɫɨɥɢ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɨɥɶɲɢɯ, ɱɟɦ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɪɭɛɤɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ 
(1150 ºɋ). Ⱦɥɹ ɥɨɤɚɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɥɚɫɬɢ ɪɚɡɥɨɠɟɧɢɹ ɩɪɨɛɵ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ ɩɨɪɨɲɤɚ ɦɟɬɚɥɥɚ, ɫɦɟɲɚɧɧɨɝɨ ɫ ɨɛɪɚɡɰɨɦ, ɜ 
ɬɨɤɟ ɞɨɡɢɪɭɟɦɨɝɨ ɜ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɬɪɭɛɤɭ ɤɢɫɥɨɪɨɞɚ. ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɷɬɨɣ ɰɟɥɢ 
ɨɥɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɡɨɧɟ ɫɝɨɪɚɧɢɹ ɩɪɨɛɵ ɞɨɫɬɢɝɚɟɬ 1800 ºɋ [3], ɱɬɨ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ 
ɪɚɡɥɨɠɟɧɢɹ ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ. 

Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡɚɬɨɪ Vario EL Cube (Elementar, Ƚɟɪɦɚɧɢɹ) 
ɦɨɠɟɬ ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɚɧɚɥɢɡɚ ɬɚɤɢɯ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ, ɤɚɤ ɤɚɪɛɢɞ ɛɨɪɚ [4]. 
ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɟɞɢɧɢɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜ CHNS ɪɟɠɢɦɟ, 
ɡɚɹɜɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ, ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0,1% ɨɬ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɵ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɞɨɫɬɢɱɶ ɬɪɟɛɭɟɦɨɣ ɫɯɨɞɢɦɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɥɟɦɟɧɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɩɨɞɚɜɥɹɸɳɟɝɨ 
ɛɨɥɶɲɢɧɫɬɜɚ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
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ɗɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɜɵɩɨɥɧɹɥɢ ɧɚ CHNS-ɷɥɟɦɟɧɬɧɨɦ ɚɧɚɥɢɡɚɬɨɪɟ Elementar Analysensysteme 
(Germany) ɦɨɞɟɥɢ Vario El Cube. ȼɡɜɟɲɢɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ Mettler Toledo 
XS 205 DU, Switzerland. ȼɫɟ ɪɟɚɤɬɢɜɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɦɟɥɢ ɤɜɚɥɢɮɢɤɚɰɢɸ ɑȾȺ, 
ɫɭɥɶɮɚɧɢɥɚɦɢɞ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɛɪɚɡɰɚ ɞɥɹ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, 
ɫɬɚɧɞɚɪɬɢɡɨɜɚɧ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɩɪɢɛɨɪɚ. Ɂɚɩɨɥɧɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɪɭɛɤɢ ɚɧɚɥɢɡɚɬɨɪɚ 
ɩɪɨɜɨɞɢɥɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɦ ɨɤɫɢɞɨɦ ɜɨɥɶɮɪɚɦɚ (VI), ɜɯɨɞɹɳɢɦ ɜ ɫɬɚɧɞɚɪɬɧɭɸ ɤɨɦɩɥɟɤɬɚɰɢɸ 
ɩɪɢɛɨɪɚ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɨɥɧɨɬɵ ɪɚɡɥɨɠɟɧɢɹ ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɪɭɛɤɟ ɷɥɟɦɟɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚɬɨɪɚ ɩɪɨɜɨɞɢɥɢ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ CaSO4 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɢɪɦɟɧɧɨɣ ɦɟɬɨɞɢɤɢ 
Elementar, ɤɚɤ ɭɤɚɡɚɧɨ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɢ. ɋɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɩɨɤɚɡɚɥɨ ɨɬɫɭɬɫɬɜɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 
ɡɧɚɱɢɦɵɯ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɨɡɦɨɠɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɧɚɥɢɡɚɬɨɪɚ Vario EL Cube ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɜ 
ɨɛɪɚɡɰɚɯ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɚ. 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɜɨɞɢɥɢ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɚ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ ɛɵɥ 
ɜɵɛɪɚɧ ɰɟɦɟɧɬ ɦɚɪɨɤ ɉɐ 400-Ⱦ0 ɢ ɉɐ 400-Ⱦ20, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. Ȼɵɥɨ ɩɨɞɨɛɪɚɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɞɨɡɢɪɨɜɚɧɢɹ ɤɢɫɥɨɪɨɞɚ (ɜ ɬɟɱɟɧɢɟ 
ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɡɥɨɠɟɧɢɟ ɨɛɪɚɡɰɨɜ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɪɭɛɤɟ) ɞɥɹ ɨɛɪɚɡɰɨɜ ɦɚɫɫɨɣ ɨɬ 6 
ɞɨ 9 ɦɝ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɧɚɣɞɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɫ ɞɚɧɧɵɦɢ 
ɚɪɛɢɬɪɚɠɧɨɣ ɦɟɬɨɞɢɤɢ (ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨ ȽɈɋɌ 5382-91) ɩɨɤɚɡɚɥɨ ɨɬɫɭɬɫɬɜɢɟ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɨɣ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ [5]. ȼɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɨɞɧɨɝɨ 
ɨɛɪɚɡɰɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 15 ɦɢɧɭɬ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «ɇɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ» (ɇɇȽɍ ɢɦ. ɇ.ɂ. 
Ʌɨɛɚɱɟɜɫɤɨɝɨ, ɩɪɨɟɤɬ RFMEFI59414X0005). 
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ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɢ ɧɚɥɢɱɢɹ ɩɪɢɦɟɫɟɣ 

(ɛɟɥɨɤ, ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ). ɉɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɝɥɸɤɭɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧɵ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɛɟɥɤɚ, ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɧɟɣɬɪɚɥɶɧɵɯ 
ɫɚɯɚɪɨɜ.  

A study was made of the microbiological purity of plant polysaccharides and the presence of impurities (protein, nucleic 

acids). A new method for the determination of glucuronic acid has been proposed, and additional conditions have been 

proposed for more accurate determination of protein, nucleic acid and neutral sugars impurities. 

 

Ɋɚɫɬɢɬɟɥɶɧɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ – ɜɚɠɧɟɣɲɢɣ ɤɥɚɫɫ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɧɚɯɨɞɹɳɢɯ 
ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. ɉɨɥɢɫɚɯɚɪɢɞɵ ɜ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɹɜɥɹɸɬɫɹ ɜɟɳɟɫɬɜɚɦɢ ɫ ɲɢɪɨɤɢɦ 
ɫɩɟɤɬɪɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ.  

Ɉɫɨɛɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɡɚɧɢɦɚɸɬ ɩɟɤɬɢɧɨɜɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ. Ɉɧɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɭɧɢɤɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɫ 
ɞɟɬɨɤɫɢɰɢɪɭɸɳɢɦɢ, ɪɚɞɢɨɩɪɨɬɟɤɬɨɪɧɵɦɢ ɢ ɞɪɭɝɢɦɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

Ɋɚɡɧɨɨɛɪɚɡɧɵɟ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɪɚɫɬɢɬɟɥɶɧɵɟ 
ɩɨɥɢɫɚɯɚɪɢɞɵ ɨɛɥɚɞɚɸɬ ɨɛɲɢɪɧɵɦ ɧɚɛɨɪɨɦ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɉɧɢ ɫɧɢɠɚɸɬ ɬɚɤɨɣ 
ɜɚɠɧɵɣ ɮɚɤɬɨɪ ɪɢɫɤɚ ɫɟɪɞɟɱɧɨɫɨɫɭɞɢɫɬɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɤɚɤ ɭɪɨɜɟɧɶ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɫɵɜɨɪɨɬɤɟ 
ɤɪɨɜɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɹɞ ɩɪɨɢɡɜɨɞɧɵɯ ɛɢɨɩɨɥɢɦɟɪɨɜ ɩɨɥɢɫɚɯɚɪɢɞɧɨɝɨ ɬɢɩɚ ɩɪɨɹɜɥɹɸɬ 
ɚɧɬɢɤɨɚɝɭɥɹɧɬɧɭɸ ɚɤɬɢɜɧɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɤɨɬɨɪɵɟ ɪɚɫɬɢɬɟɥɶɧɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɟɛɢɨɬɢɤɢ, ɬ.ɟ. ɩɢɳɟɜɵɟ ɢɧɝɪɟɞɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɫɬɢɦɭɥɢɪɭɸɬ ɪɨɫɬ ɩɨɥɟɡɧɨɣ 
ɦɢɤɪɨɮɥɨɪɵ ɤɢɲɟɱɧɢɤɚ ɢ ɨɝɪɚɧɢɱɢɜɚɸɬ ɪɚɡɦɧɨɠɟɧɢɟ ɩɚɬɨɝɟɧɧɵɯ ɛɚɤɬɟɪɢɣ. 

Ɍɚɤɠɟ ɪɚɫɬɢɬɟɥɶɧɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ, 
ɩɨɫɪɟɞɫɬɜɨɦ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɟɮɬɟɞɨɛɵɱɟ, 
ɛɭɪɨɜɵɯ ɪɚɛɨɬɚɯ, ɩɢɳɟɜɨɣ, ɢ ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɹɯ. 

Ʉɢɫɥɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ ɨɛɥɚɞɚɸɬ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɱɬɨ ɞɟɥɚɟɬ 
ɢɯ ɰɟɧɧɵɦɢ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɩɪɢ ɥɟɱɟɧɢɢ 
ɪɹɞɚ ɡɚɛɨɥɟɜɚɧɢɣ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɨɬɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ, ɬɚɤɢɯ ɤɚɤ ɛɟɥɨɤ ɢ ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɚ 
ɬɚɤɠɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɭɸ ɱɢɫɬɨɬɭ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɛɟɥɤɚ ɜ ɨɛɪɚɡɰɚɯ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɱɚɳɟ ɜɫɟɝɨ 
ɢɫɩɨɥɶɡɭɸɬ ɛɢɭɪɟɬɨɜɵɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɨɛɪɚɡɨɜɚɧɢɢ ɛɢɭɪɟɬɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ (ɢɦɟɟɬ 
ɮɢɨɥɟɬɨɜɵɣ ɰɜɟɬ) ɩɟɩɬɢɞɧɵɯ ɫɜɹɡɟɣ ɛɟɥɤɨɜ ɫ ɞɜɭɯɜɚɥɟɧɬɧɵɦɢ ɢɨɧɚɦɢ ɦɟɞɢ; ɞɚɧɧɵɣ ɦɟɬɨɞ 
ɨɛɥɚɞɚɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɧɟɫɬɚɛɢɥɶɧɨɫɬɶɸ ɤɨɦɩɥɟɤɫɚ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɨɛɥɚɞɚɸɬ ɧɟ ɜɫɟɝɞɚ ɯɨɪɨɲɟɣ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶɸ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɹɜɥɹɸɬɫɹ ɬɪɭɞɨɟɦɤɢɦɢ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ, ɢ ɱɚɫɬɨ ɦɚɥɨɩɪɢɝɨɞɧɵ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɧɚɞɥɟɠɚɳɟɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɚɤɬɢɤɟ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɬɫɭɬɫɬɜɭɸɬ 
ɤɨɦɩɥɟɤɫɧɵɟ ɩɨɞɯɨɞɵ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦɢ 
ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ ɞɥɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɦɟɞɢɰɢɧɫɤɨɣ, ɩɢɳɟɜɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɫɮɟɪɚɯ. ȼ ɷɬɨɣ 
ɫɜɹɡɢ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɛɥɚɞɚɸɳɢɟ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ ɜɚɥɢɞɚɰɢɨɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ 
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ, ɚ ɢɦɟɧɧɨ ɩɪɨɜɟɞɟɧɢɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɨɩɪɟɞɟɥɟɧɢɟ 
ɩɪɢɦɟɫɟɣ ɢ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ.  

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
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Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɩɨɥɢɫɚɯɚɪɢɞɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ: ɚɢɪɚ 
ɛɨɥɨɬɧɨɝɨ, ɫɬɟɛɟɥɟɣ ɢ ɥɢɫɬɶɟɜ ɥɸɰɟɪɧɵ ɩɨɫɟɜɧɨɣ, ɥɢɫɬɶɟɜ ɥɢɩɵ, ɞɟɜɹɫɢɥɚ, ɤɥɟɜɟɪɚ ɥɭɝɨɜɨɝɨ. 
ȼɵɞɟɥɟɧɢɟ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɐɟɧɬɪɟ ɜɧɟɞɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɋɢɛȽɆɍ. 

ɂɡɦɟɪɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ Cary 60 (Agilent 
Technologies, Ƚɟɪɦɚɧɢɹ) ɜ ɤɜɚɪɰɟɜɵɯ ɤɸɜɟɬɚɯ 10 ɦɦ. 

Ɋɟɝɢɫɬɪɚɰɢɸ ɂɄ-ɫɩɟɤɬɪɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɂɄ-ɫɩɟɤɬɪɨɦɟɬɪɟ Agilent 660 FTIR (Agilent 
Technologies, Ƚɟɪɦɚɧɢɹ). 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɛɟɥɤɚ  
ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɛɟɥɤɚ ɜ ɨɛɪɚɡɰɚɯ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɩɪɨɜɨɞɢɥɢɫɶ 

ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ – ɛɢɭɪɟɬɨɜɵɦ ɢ Ȼɪɟɞɮɨɪɞɚ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɧɚ ɧɚɥɢɱɢɟ ɩɪɢɦɟɫɟɣ 
ɛɟɥɤɚ ɛɢɭɪɟɬɨɜɵɦ ɦɟɬɨɞɨɦ ɝɨɬɨɜɢɥɢ ɪɚɫɬɜɨɪɵ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 3.6 
ɦɝ/ɫɦ3, 14 ɦɝ/ɫɦ3, 31 ɦɝ/ɫɦ3, 36 ɦɝ/ɫɦ3, 42 ɦɝ/ɫɦ3, 57 ɦɝ/ɫɦ3, 62 ɦɝ/ɫɦ3, 74 ɦɝ/ɫɦ3 ɢ 81 ɦɝ/ɫɦ3. ȼ 
ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɤ ɩɨɥɭɱɟɧɧɵɦ ɪɚɫɬɜɨɪɚɦ ɞɨɛɚɜɥɹɥɢ ɩɨ 3 ɫɦ3 ɛɢɭɪɟɬɨɜɨɝɨ ɪɟɚɤɬɢɜɚ ɢ ɱɟɪɟɡ 30 ɦɢɧ. 
ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 540 ɧɦ. ȼɨ ɜɬɨɪɨɦ - ɤ ɩɨɥɭɱɟɧɧɵɦ 
ɪɚɫɬɜɨɪɚɦ ɞɨɛɚɜɥɹɥɢ ɩɨ 2 ɫɦ3 ɜɨɞɵ, ɩɨ 3 ɫɦ3 ɪɟɚɤɬɢɜɚ Ȼɪɟɞɮɨɪɞɚ ɢ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ 
ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 595 ɧɦ. 
ɋɨɞɟɪɠɚɧɢɟ ɛɟɥɤɚ ɜ ɨɛɪɚɡɰɚɯ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɝɪɚɞɭɢɪɨɜɨɱɧɨɝɨ ɝɪɚɮɢɤɚ. ȼ ɤɚɱɟɫɬɜɟ 
ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ (″Sigma-Aldrich″, ɋɒȺ). 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ  
Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɨɬɫɭɬɫɬɜɢɢ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ ɩɪɢ 260-280 ɧɦ. Ⱦɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɧɚ ɧɚɥɢɱɢɟ ɩɪɢɦɟɫɟɣ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɝɨɬɨɜɢɥɢ ɪɚɫɬɜɨɪɵ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ 31 ɦɝ/ɫɦ3, 42 ɦɝ/ɫɦ3, 74 ɦɝ/ɫɦ3. Ɂɚɬɟɦ ɤ ɩɨɥɭɱɟɧɧɵɦ ɪɚɫɬɜɨɪɚɦ ɞɨɛɚɜɥɹɥɢ ɩɨ 3 
ɫɦ3 ɜɨɞɵ ɢ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ 260-280 ɧɦ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɦɟɬɨɞɨɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɦɟɬɨɞɢɤɭ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɟɫɫɨɜɚɧɢɟɦ ɬɚɛɥɟɬɨɤ ɫ ɛɪɨɦɢɫɬɵɦ ɤɚɥɢɟɦ. Ɋɟɝɢɫɬɪɚɰɢɸ 
ɂɄ-ɫɩɟɤɬɪɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɢɧɬɟɪɜɚɥɟ ɱɚɫɬɨɬ 4000–400 ɫɦ–1. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɧɢɦɚɥɢ ɮɨɧɨɜɵɣ 
ɂɄ-ɫɩɟɤɬɪ ɫ ɬɚɛɥɟɬɤɨɣ ɢɡ KBr, ɡɚɬɟɦ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɂɄ-ɫɩɟɤɬɪ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɨɛɪɚɡɰɚ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ȼɚɠɧɟɣɲɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ 
ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɚɹ ɱɢɫɬɨɬɚ. ɋɨɝɥɚɫɧɨ ɋɚɧɉɢɇ 2.3.2.1078-01 ʺȽɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɩɢɳɟɜɨɣ ɰɟɧɧɨɫɬɢ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜʺ, ɩɨɥɢɫɚɯɚɪɢɞɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɧɟ ɛɨɥɟɟ 
500 ɄɈȿ/ɝ, ɚ ɝɪɢɛɨɜ ɢ ɩɥɟɫɟɧɢ ɧɟ ɛɨɥɟɟ 100 ɄɈȿ/ɝ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɝɪɢɛɨɜ 
ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɝɥɭɛɢɧɧɨɦɭ ɦɟɬɨɞɭ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ 
ɝɪɢɛɨɜ ɜ ɨɛɪɚɡɰɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɪɟɞɭ №1 ɢ ɚɝɚɪ ɋɚɛɭɪɨ. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞ 
ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ȽɎ ɏII. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɝɨɬɨɜɢɥɢ 
ɪɚɫɬɜɨɪɵ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 10 ɦɝ/ɫɦ3. ɉɨɫɟɜɵ ɩɪɨɫɦɚɬɪɢɜɚɥɢ ɟɠɟɞɧɟɜɧɨ. ɉɨɞɫɱɟɬ 
ɤɨɥɨɧɢɣ ɩɪɨɢɡɜɨɞɢɥɢ ɱɟɪɟɡ 48-72 ɱ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ) ɢ ɱɟɪɟɡ 5 ɫɭɬ (ɨɤɨɧɱɚɬɟɥɶɧɵɣ 
ɪɟɡɭɥɶɬɚɬ). 

ɊȿɁɍɅɖɌȺɌɕ ɂ ɈȻɋɍɀȾȿɇɂȿ 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɛɟɥɤɚ 

ɉɟɪɜɢɱɧɵɦ ɢ ɨɛɹɡɚɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɤɨɧɬɪɨɥɹ ɨɛɪɚɡɰɨɜ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɹɜɥɹɟɬɫɹ 
ɩɪɨɜɟɪɤɚ ɢɯ ɧɚ ɧɚɥɢɱɢɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɢɦɟɫɟɣ, ɬɚɤɢɯ ɤɚɤ ɛɟɥɨɤ ɢ ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ, 
ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ.  

ɉɪɢ ɧɚɥɢɱɢɢ ɩɪɢɦɟɫɟɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɨɱɢɫɬɤɭ ɨɛɪɚɡɰɨɜ ɫ ɩɨɦɨɳɶɸ 
ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ, ɭɥɶɬɪɚɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ, ɨɫɚɠɞɟɧɢɹ ɢ ɜɵɫɚɥɢɜɚɧɢɹ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɛɟɥɤɚ ɜ ɨɛɪɚɡɰɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɢɭɪɟɬɨɜɵɣ ɦɟɬɨɞ ɢ ɦɟɬɨɞ Ȼɪɟɞɮɨɪɞɚ. ɇɚ 
ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɪɟɚɤɬɢɜɚ Ȼɪɟɞɮɨɪɞɚ ɩɪɢ Ȝ= 595 ɧɦ ɢ 
ɛɢɭɪɟɬɨɝɨ ɪɟɚɤɬɢɜɚ ɩɪɢ Ȝ= 540 ɧɦ. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɪɟɚɤɬɢɜɚ Ȼɪɟɞɮɨɪɞɚ ɩɪɢ Ȝ= 595 ɧɦ (1)  
ɢ ɛɢɭɪɟɬɨɝɨ ɪɟɚɤɬɢɜɚ ɩɪɢ Ȝ= 540 ɧɦ(2) ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɟɥɤɚ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɪɚɫɬɜɨɪɟ. 

 
ɋɨɝɥɚɫɧɨ ɪɢɫ. 1 ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ Ȼɪɟɞɮɨɪɞɚ ɩɪɟɜɵɲɚɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɛɢɭɪɟɬɨɜɨɝɨ ɦɟɬɨɞɚ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɤɥɨɧɨɦ ɝɪɚɞɭɢɪɨɜɨɱɧɨɝɨ ɝɪɚɮɢɤɚ. ɉɪɹɦɨɥɢɧɟɣɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɛɥɸɞɚɥɚɫɶ ɜ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɛɟɥɤɚ ɨɬ 0.1 ɞɨ 0.8 ɦɝ/ɫɦ3. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɛɟɥɤɚ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɞɜɭɦɹ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɬ.ɤ. ɦɟɬɨɞ Ȼɪɟɞɮɨɪɞɚ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, 
ɱɟɦ ɛɢɭɪɟɬɨɜɵɣ. Ɉɞɧɚɤɨ, ɛɢɭɪɟɬɨɜɵɣ ɦɟɬɨɞ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɟɧ, ɦɚɥɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɛɟɥɤɚ. 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɢɦɟɫɟɣ ɛɟɥɤɚ ɭɤɚɡɚɧɧɵɦɢ ɜɵɲɟ ɦɟɬɨɞɚɦɢ, ɛɟɥɨɤ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɬɨɥɶɤɨ ɜ 
ɨɛɪɚɡɰɟ, ɜɵɞɟɥɟɧɧɨɦ ɢɡ ɥɢɩɵ. ɋɨɞɟɪɠɚɧɢɟ ɛɟɥɤɚ ɜ ɩɨɥɢɫɚɯɚɪɢɞɟ, ɜɵɞɟɥɟɧɧɨɦ ɢɡ ɥɢɩɵ ɫɨɫɬɚɜɢɥɨ 
4,6±0,23 ɦɝ/ɫɦ3. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɛɵɥɢ ɡɚɩɢɫɚɧɵ ɍɎ-ɜɢɞɢɦɵɟ ɫɩɟɤɬɪɵ 
ɪɚɫɬɜɨɪɚ ɤɫɚɧɬɚɧɚ ɜ ɨɛɥɚɫɬɢ ɞɥɢɧ ɜɨɥɧ ɨɬ 200 ɞɨ 500 ɧɦ. Ɉɬɫɭɬɫɬɜɢɟ ɩɨɝɥɨɳɟɧɢɹ ɜ ɭɤɚɡɚɧɧɨɦ 
ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɩɪɢɦɟɫɟɣ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɜ 
ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɪɚɡɰɟ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɟɝɨ ɱɢɫɥɚ ɛɚɤɬɟɪɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɪɟɞɭ № 1, ɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɥɢɱɢɹ 
ɝɪɢɛɤɨɜ ɢ ɩɥɟɫɟɧɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɝɚɪ ɋɚɛɭɪɨ. 

Ɉɰɟɧɤɚ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɨɛɪɚɡɰɵ ɪɚɫɬɢɬɟɥɶɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ 
ɢɦɟɸɬ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɛɚɤɬɟɪɢɣ ɛɨɥɟɟ 700 ɄɈȿ/ɝ ɜ ɨɞɧɨɦ ɝɪɚɦɦɟ ɜɟɳɟɫɬɜɚ ɢ ɛɨɥɟɟ 300 
ɤɨɥɨɧɢɣ ɝɪɢɛɤɨɜ ɢ ɩɥɟɫɟɧɢ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɪɦɢɪɭɟɦɵɦ ɩɨɤɚɡɚɬɟɥɹɦ, 
ɫɨɝɥɚɫɧɨ ɞɨɤɭɦɟɧɬɭ, ɟɞɢɧɵɦ ɫɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɦ ɢ ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ 
ɬɨɜɚɪɭ ȽɈɋɌ ISO 9001-2011. ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 
ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɩɢɳɟɜɨɣ ɢ ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɹɯ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɨɬ 
ɛɚɤɬɟɪɢɣ, ɩɥɟɫɟɧɢ ɢ ɝɪɢɛɨɜ ɩɪɢ ɩɨɦɨɳɢ ɭɥɶɬɪɚɮɢɥɶɬɪɨɜɚɧɢɹ, ɞɢɚɥɢɡɚ, ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ 
ɨɛɥɭɱɟɧɢɹ, ɮɨɬɨɤɚɬɚɥɢɡɚ, ɨɡɨɧɢɪɨɜɚɧɢɹ ɢ ɞɪ. 

ɁȺɄɅɘɑȿɇɂȿ 
Ɇɟɬɨɞɨɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɪɨɜɟɞɟɧɚ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɫɬɪɭɤɬɭɪɵ ɪɚɫɬɢɬɟɥɶɧɵɯ ɫɚɯɚɪɨɜ. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɥɢɫɚɯɚɪɢɞɵ ɫɨɞɟɪɠɚɬ ɤɢɫɥɵɟ ɫɚɯɚɪɚ. ɉɪɨɜɟɞɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɥɢɱɢɹ ɩɪɢɦɟɫɟɣ 
ɛɟɥɤɚ ɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ. ɉɪɢɦɟɫɢ ɛɟɥɤɨɜ ɛɵɥɢ 
ɨɛɧɚɪɭɠɟɧɵ ɬɨɥɶɤɨ ɜ ɩɨɥɢɫɚɯɚɪɢɞɟ, ɜɵɞɟɥɟɧɧɨɦ ɢɡ ɥɢɩɵ – 4,6±0,23 ɦɝ/ɫɦ3. ɉɪɢɦɟɫɟɣ 
ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ. Ɉɩɪɟɞɟɥɟɧɚ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɚɹ ɱɢɫɬɨɬɚ ɨɛɪɚɡɰɨɜ 
ɩɨɥɢɫɚɯɚɪɢɞɨɜ (ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɛɚɤɬɟɪɢɣ, ɝɪɢɛɨɜ ɢ ɩɥɟɫɟɧɢ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɜ ɩɢɳɟɜɨɣ ɢ ɦɟɞɢɰɢɧɫɤɨɣ ɨɛɥɚɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ 
ɨɱɢɫɬɤɭ ɨɬ ɛɚɤɬɟɪɢɣ, ɩɥɟɫɟɧɢ ɢ ɝɪɢɛɨɜ ɢɡɜɟɫɬɧɵɦɢ ɦɟɬɨɞɚɦɢ.  
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ɍȾɄ 543 

 

ɋɈɁȾȺɇɂȿ ȽȺɁɈȼɕɏ ɋɊȿȾ ɋ ȼȺɊɖɂɊɍȿɆɕɆ ɂ ɄɈɇɌɊɈɅɂɊɍȿɆɕɆ 
ɋɈȾȿɊɀȺɇɂȿɆ ɄɈɊɊɈɁɂɈɇɇɈ-ȺȽɊȿɋɋɂȼɇɕɏ ɂɈɇɈȼ 

 
ȼ.Ⱥ. Ƚɨɥɨɜɚɧɨɜɚ, ȿ.Ⱥ. ɇɨɜɢɤɨɜɚ, ȿ.ɇ. Ɍɭɩɢɤɨɜɚ 
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Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 443086, ɝ. ɋɚɦɚɪɚ, Ɇɨɫɤɨɜɫɤɨɟ ɲɨɫɫɟ, 34Ⱥ. 
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ɉɪɨɜɟɞɟɧɢɟ ɤɨɪɪɨɡɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɡɥɢɱɧɵɯ 

ɜɢɞɨɜ ɢɡɞɟɥɢɣ, ɨɫɨɛɟɧɧɨ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. ȼ ɪɚɦɤɚɯ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɚ ɫɨɡɞɚɧɚ ɭɫɬɚɧɨɜɤɚ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ ɫ ɜɚɪɶɢɪɭɟɦɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɥɨɪɢɞ ɢɨɧɨɜ. ȼ ɡɚɤɪɵɬɨɣ ɟɦɤɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɩɨɦɨɳɶɸ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɞɢɫɩɟɪɝɢɪɨɜɚɥɢ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɡɚɞɚɧɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɢɨɧɨɜ ɜɨɞɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɚɦɢ ɤɨɧɞɭɤɬɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɬɢɬɪɨɜɚɧɢɹ, ɩɪɹɦɨɣ ɤɨɧɞɭɤɬɨɦɟɬɪɢɢ ɢ ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. 

Corrosion testing of materials is an integral part of the production of various types of products, especially in the 

aerospace industry. Within the framework of solving this problem, an installation was created to produce an air with a 

variable content of chloride ions. In a sealed container at room temperature with ultrasonic generator, an aqueous solution 

of sodium chloride of the given concentration was dispersed. Determination of the content of ions of aqueous extracts was 

carried out by conductometric titration, direct conductometry and capillary electrophoresis. 

 

Ʉɨɪɪɨɡɢɨɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɷɬɨ ɪɹɞ ɢɫɩɵɬɚɧɢɣ, ɤɨɬɨɪɵɦ ɩɨɞɜɟɪɝɚɸɬ ɬɨɬ ɢɥɢ ɢɧɨɣ 
ɦɚɬɟɪɢɚɥ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɟɝɨ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ. ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 9.308-85, ɤɨɪɪɨɡɢɨɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɹɬ ɜ ɚɬɦɨɫɮɟɪɟ 
ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɩɪɢ 35 °C ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɢɥɢ ɤɢɫɥɨɣ ɫɪɟɞɚɯ. Ⱦɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɚɝɪɟɫɫɢɜɧɨɫɬɶ ɫɪɟɞɵ, 
ɡɚɜɢɫɹɳɭɸ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɝɪɟɫɫɢɜɧɵɯ ɢɨɧɨɜ. ɂɫɩɨɥɶɡɭɟɦɵɟ ɫɟɣɱɚɫ ɦɟɬɨɞɵ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɚɥɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɷɤɫɩɪɟɫɫɧɨɫɬɶɸ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɢ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɝɚɡɨɜɵɯ ɫɪɟɞ ɫ 
ɜɚɪɶɢɪɭɟɦɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɚɝɪɟɫɫɢɜɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 
ɤɨɪɪɨɡɢɨɧɧɨ-ɚɝɪɟɫɫɢɜɧɵɯ ɢɨɧɨɜ ɜ ɩɨɥɭɱɟɧɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞɚɯ ɧɚ ɩɪɢɦɟɪɟ ɯɥɨɪɢɞ-ɢɨɧɚ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɚɬɦɨɫɮɟɪ ɫ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɤɬɢɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɫɨɛɪɚɧɚ 
ɨɪɢɝɢɧɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɚɬɶ ɫɪɟɞɵ ɫ ɜɚɪɶɢɪɭɟɦɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɢɨɧɨɜ ɜ 
ɝɚɡɨɜɨɣ ɮɚɡɟ. 

Ɋɚɛɨɬɚ ɜɤɥɸɱɚɥɚ ɞɜɚ ɷɬɚɩɚ. ɉɟɪɜɵɣ ɷɬɚɩ ɡɚɤɥɸɱɚɥɫɹ ɜ ɩɨɞɛɨɪɟ ɭɫɥɨɜɢɣ ɨɬɛɨɪɚ ɝɚɡɨɜɨɣ ɩɪɨɛɵ 
ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɩɪɨɜɟɞɟɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. ȼɬɨɪɨɣ ɷɬɚɩ ɡɚɤɥɸɱɚɥɫɹ ɜ ɨɩɬɢɦɢɡɚɰɢɢ 
ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɬɨɜ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɫ ɜɚɪɶɢɪɭɟɦɵɦ ɢ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɪɪɨɡɢɨɧɧɨ-
ɚɝɪɟɫɫɢɜɧɵɯ ɢɨɧɨɜ ɜ ɡɚɤɪɵɬɨɣ ёɦɤɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɩɨɦɨɳɶɸ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 
ɝɟɧɟɪɚɬɨɪɚ ɞɢɫɩɟɪɝɢɪɨɜɚɥɢ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɡɚɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
ɉɨɥɭɱɟɧɧɵɣ ɬɭɦɚɧ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɫɨɟɞɢɧɟɧɧɵɯ ɩɨɝɥɨɬɢɬɟɥɹ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɛɵɥ ɡɚɩɨɥɧɟɧ 10 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 
ɋɨɞɟɪɠɚɧɢɟ ɢɨɧɨɜ ɜ ɩɨɥɭɱɟɧɧɵɯ ɜɨɞɧɵɯ ɷɤɫɬɪɚɤɬɚɯ ɨɩɪɟɞɟɥɹɥɢ ɤɨɧɞɭɤɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ 2 ɪɟɠɢɦɚ: 
ɧɟɩɪɟɪɵɜɧɵɣ ɢ ɰɢɤɥɢɱɧɵɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɋɄɈ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜ 2 
ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɰɢɤɥɢɱɧɨɝɨ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɟɟ ɬɨɱɧɵɦ ɩɨɞɞɟɪɠɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɪɟɠɢɦɚ ɜ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ. Ⱦɚɥɶɧɟɣɲɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɰɢɤɥɢɱɧɨɦ ɪɟɠɢɦɟ 
ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ. 

ɉɭɬɟɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɪɚɫɬɜɨɪɟ, ɢɫɩɨɥɶɡɭɟɦɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ 
ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɜɨɞɧɨɣ ɮɚɡɟ (ɪɢɫ. 1). 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɋȽɎ  

ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɋɀɎ (NaCl). 

 
ȼɟɪɨɹɬɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɬɜɨɪɚ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, NaCl 

ɨɬɧɨɫɢɬɫɹ ɤ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɢɧɚɤɬɢɜɧɵɦ ɜɟɳɟɫɬɜɚɦ, ɩɨɷɬɨɦɭ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɬɜɨɪɚ 
NaCl ɜɵɲɟ, ɱɟɦ ɭ ɜɨɞɵ ɢ ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl. Ʉɪɨɦɟ ɬɨɝɨ, ɩɥɨɬɧɨɫɬɶ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɵɲɟ. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɞɢɭɫɚ ɤɚɩɟɥɶ ɢ ɢɯ ɦɚɫɫɵ. 
Ɍɹɠɟɥɵɟ ɤɪɭɩɧɵɟ ɤɚɩɥɢ ɨɫɟɞɚɸɬ ɧɚ ɬɪɭɛɤɟ, ɫɬɟɧɤɚɯ ɤɚɦɟɪɵ, ɩɨɷɬɨɦɭ ɤɨɧɰɟɧɬɪɚɰɢɹ ɯɥɨɪɢɞ-
ɢɨɧɨɜ ɜ ɩɨɝɥɨɬɢɬɟɥɟ ɦɟɧɶɲɟ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɢ ɫɨɛɪɚɧɚ ɭɫɬɚɧɨɜɤɚ ɩɨ ɫɨɡɞɚɧɢɸ ɝɚɡɨɜɵɯ ɫɪɟɞ 
ɫ ɜɚɪɶɢɪɭɟɦɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɝɪɟɫɫɢɜɧɵɯ ɢɨɧɨɜ, ɜɵɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ 
ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɢ ɩɪɨɛɨɨɬɛɨɪɚ ɢ ɜɵɹɜɥɟɧɚ ɤɨɪɪɟɥɹɰɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜ ɝɚɡɨɜɨɣ 
ɮɚɡɟ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɢɫɯɨɞɧɨɦ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ 
ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɫɨɡɞɚɧɢɸ ɝɚɡɨɜɵɯ ɮɚɡ, ɫɨɞɟɪɠɚɳɢɯ ɲɢɪɨɤɢɣ ɤɪɭɝ ɤɨɪɪɨɡɢɨɧɧɨ-
ɚɝɪɟɫɫɢɜɧɵɯ ɢɨɧɨɜ ɢ ɚɞɚɩɬɢɪɨɜɚɬɶ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɦɟɬɨɞɢɤɭ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ 
ɩɨɥɭɱɟɧɧɵɯ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ ɞɥɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɦɟɫɟɣ. 
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ɍȾɄ 543.5 

 

ɉɊɂɆȿɇȿɇɂȿ ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ ɗɅȿɄɌɊɈȾɈȼ ɇȺ ɈɋɇɈȼȿ  
ɍȽɅȿɊɈȾɇɕɏ ɑȿɊɇɂɅ ȾɅə ɈɉɊȿȾȿɅȿɇɂə ɋɈȾȿɊɀȺɇɂə ɏɈɅȿɋɌȿɊɂɇȺ  

ȼ ɉɂɓȿȼɕɏ ɉɊɈȾɍɄɌȺɏ 
 

Ʉ.ȼ. Ⱦёɪɢɧɚ1, ȿ.Ʉ. Ɍɚɣɲɢɛɟɤɨɜɚ2 

1ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 634050, Ɍɨɦɫɤ, ɩɪ. Ʌɟɧɢɧɚ, 30. 

 2Ʉɚɪɚɝɚɧɞɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ȿ.Ⱥ. Ȼɭɤɟɬɨɜɚ 

Ʉɚɡɚɯɫɬɚɧ, 100012, Ʉɚɪɚɝɚɧɞɚ, ɭɥ. ɍɧɢɜɟɪɫɢɬɟɬɫɤɚɹ, 28. 

 
ɏɨɥɟɫɬɟɪɢɧ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ. ɉɪɢ ɧɚɪɭɲɟɧɢɢ ɫɢɧɬɟɡɚ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɨɪɝɚɧɢɡɦɟ 

ɧɚɛɥɸɞɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɧɚɪɭɲɟɧɢɹ ɪɚɡɜɢɬɢɹ, ɤɚɤ ɮɢɡɢɱɟɫɤɨɝɨ, ɬɚɤ ɢ ɩɫɢɯɢɱɟɫɤɨɝɨ. Ɍɟɪɚɩɢɹ ɬɚɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɬɪɟɛɭɟɬ ɫɨɛɥɸɞɟɧɢɹ ɛɨɝɚɬɨɣ ɯɨɥɟɫɬɟɪɢɧɨɦ ɞɢɟɬɵ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ, ɜɚɠɧɵɦ ɞɥɹ ɭɫɩɟɯɚ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ɹɜɥɹɟɬɫɹ ɬɨɱɧɨɟ ɡɧɚɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɚɯ, ɩɨɬɪɟɛɥɹɟɦɵɯ ɩɚɰɢɟɧɬɨɦ. 
ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɩɢɳɟɜɵɯ 
ɩɪɨɞɭɤɬɚɯ (ɦɨɥɨɤɨ, ɹɢɱɧɵɣ ɠɟɥɬɨɤ, ɬɜɨɪɨɝɟ, ɦɚɫɥɨ ɫɥɢɜɨɱɧɨɟ). ɋɩɨɫɨɛ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɭɝɥɟɪɨɞɧɵɦɢ ɱɟɪɧɢɥɚɦɢ ɢ ɫɨɟɞɢɧɟɧɢɟɦ ɪɹɞɚ ɛɢɫɦɨɱɟɜɢɧ ɪɚɛɨɱɟɝɨ ɷɥɟɤɬɪɨɞɚ. ɉɨɥɭɱɟɧ ɩɢɤ ɚɧɨɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɢ 
E=+0,8 ȼ. ɉɪɟɞɟɥ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɢɥ 2,3 ɦɤɝ/ɦɥ, ɩɪɟɞɟɥ ɨɛɧɚɪɭɠɟɧɢɹ – 1.1 ɦɤɝ/ɦɥ. ɉɪɨɜɨɞɢɥɢɫɶ ɢɫɩɵɬɚɧɢɹ 
ɨɛɪɚɡɰɨɜ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɞɨɫɬɭɩɧɵɯ ɧɚ ɦɟɫɬɧɨɦ ɪɵɧɤɟ. ɉɨɤɚɡɚɧɚ ɜɵɫɨɤɚɹ ɫɯɨɞɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɞɥɨɠɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɢ ɢɡɜɟɫɬɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨ Ɂɥɚɬɤɢɫɭ-Ɂɚɤɭ. 

Cholesterol plays a crucial role in a human body. Cholesterol biosynthesis disturbance leads to physical and mental 

developmental disorders. The therapy of such disorders includes cholesterol rich diet. Consequently, therapy succeed is 

connected with exact knowledge of cholesterol food level. We report on the novel voltammetric technique of cholesterol 

determination in food (milk, egg yolk, quark, butter). The technique is based on the applying of carbon ink and organic 

bisurea compound as electrode modifier. The anodic oxidation peak was observed at ȿ= +0.8 V. The limit of quantification is 

2.3 ȝg/mL, the limit of detection is 1.1 ȝg/mL. The blind tests of food from a local market were provided. Obtained results 

were compared to the results obtained by usage Zlatkis-Zak technique. Results had high reproducibility and repeatability. 

 
ɏɨɥɟɫɬɟɪɢɧ ɜɵɩɨɥɧɹɟɬ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɪɹɞ ɜɚɠɧɵɯ ɮɭɧɤɰɢɣ: ɫɬɪɭɤɬɭɪɧɭɸ, ɡɚɳɢɬɧɭɸ, 

ɫɢɧɬɟɬɢɱɟɫɤɭɸ ɢ ɡɚɳɢɬɧɭɸ. ɋɬɪɭɤɬɭɪɧɚɹ ɮɭɧɤɰɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɥɟɬɨɱɧɵɯ 
ɦɟɦɛɪɚɧ ɢ ɥɢɩɢɞɧɵɯ ɪɚɮɬɨɜ [1], ɡɚɳɢɬɧɚɹ – ɜ ɩɪɟɞɨɯɪɚɧɟɧɢɢ ɷɪɢɬɪɨɰɢɬɨɜ ɤɪɨɜɢ ɨɬ 
ɝɟɦɨɥɢɬɢɱɟɤɫɢɯ ɹɞɨɜ, ɪɟɝɭɥɹɰɢɨɧɧɚɹ – ɜ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɟɤɭɱɟɫɬɢ ɩɥɚɡɦɚɬɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ ɢ 
ɭɱɚɫɬɢɢ ɜ ɫɢɝɧɚɥɶɧɵɯ ɩɭɬɹɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɯɨɥɟɫɬɟɪɢɧ ɹɜɥɹɟɬɫɹ ɩɪɟɤɭɪɫɨɪɨɦ ɜɢɬɚɦɢɧɨɜ ɝɪɭɩɩɵ D, 
ɪɹɞɚ ɫɬɟɪɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ ɢ ɠɟɥɱɧɵɯ ɤɢɫɥɨɬ. Ɍɚɤɠɟ ɯɨɥɟɫɬɟɪɢɧ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ 
ɩɪɟɧɚɬɚɥɶɧɨɦ ɪɚɡɜɢɬɢɢ [2,3].  

Ɍɟɪɚɩɢɹ ɫɢɧɞɪɨɦɚ ɋɦɢɬɚ-Ʌɟɦɥɢ-Ɉɩɢɰɚ (ɋɅɈɋ) ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɩɨɫɬɭɩɥɟɧɢɹ ɜ 
ɨɪɝɚɧɢɡɦ ɩɚɰɢɟɧɬɚ ɯɨɥɟɫɬɟɪɢɧɚ. ɋɅɈɋ – ɡɚɛɨɥɟɜɚɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɧɚɪɭɲɟɧɢɟɦ ɯɨɥɟɫɬɟɪɢɧɨɜɨɝɨ 
ɦɟɬɚɛɨɥɢɡɦɚ. Ɂɚɛɨɥɟɜɚɧɢɟ ɜɫɬɪɟɱɚɟɬɫɹ ɭ 1 ɢɡ 20000–40000 ɧɨɜɨɪɨɠɞɟɧɧɵɯ [4]. ɋɢɦɩɬɨɦɵ 
ɫɢɧɞɪɨɦɚ ɋɅɈɋ ɲɢɪɨɤɨ ɜɚɪɶɢɪɭɸɬɫɹ. ȼ ɬɹɠɟɥɵɯ ɫɥɭɱɚɹɯ ɜɨɡɦɨɠɧɵ ɜɵɪɚɠɟɧɧɵɟ ɮɢɡɢɱɟɫɤɢɟ 
ɩɨɪɨɤɢ ɢ ɩɟɪɢɧɚɬɚɥɶɧɚɹ ɫɦɟɪɬɧɨɫɬɶ [5]. Ɍɢɩɢɱɧɵɦɢ ɞɥɹ ɩɚɰɢɟɧɬɨɜ ɫɨ ɋɅɈɋ ɹɜɥɹɸɬɫɹ 
ɦɢɤɪɨɰɟɮɚɥɢɹ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɟ ɭɲɧɵɟ ɪɚɤɨɜɢɧɵ, ɷɩɢɤɚɧɬɭɫ, ɛɥɟɮɚɪɨɩɬɨɡ ɢ ɤɨɫɨɝɥɚɡɢɟ, 
ɚɧɨɦɚɥɢɢ ɪɚɡɜɢɬɢɹ ɩɨɱɟɤ. Ɍɚɤɠɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɬɫɹ ɫɤɟɥɟɬɧɵɟ ɚɧɨɦɚɥɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚɪɭɲɟɧɢɹ 
ɪɚɡɜɢɬɢɹ ɤɢɫɬɟɣ ɢ ɫɬɨɩ [6]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɩɟɯ ɬɟɪɚɩɢɢ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧ ɫ ɭɱɟɬɨɦ ɤɨɥɢɱɟɫɬɜɚ 
ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɩɚɰɢɟɧɬɨɦ ɯɨɥɟɫɬɟɪɢɧɚ. ɉɨɷɬɨɦɭ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ 
ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɚɯ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɚɯ ɢɫɩɨɥɶɡɭɸɬ 
ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ. ȼ ɱɚɫɬɧɨɫɬɢ, ȼɗɀɏ [7], ɀɏ-Ɇɋ ɢ ɀɏ-Ɇɋ/Ɇɋ. 
Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɦɟɬɨɞɨɜ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɢ ɜɵɫɨɤɢɟ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɜɚɥɢɮɢɤɚɰɢɢ ɩɟɪɫɨɧɚɥɚ. ɗɥɟɤɬɪɨɯɢɦɢɱɟɤɫɤɢɟ ɦɟɬɨɞɵ ɨɬɥɢɱɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɞɟɲɟɜɢɡɧɚ, ɩɪɨɫɬɨɬɚ ɢɫɩɨɥɧɟɧɢɹ ɢ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. ɏɨɥɟɫɬɟɪɢɧ ɫɩɨɫɨɛɟɧ ɤ 
ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɸ, ɨɞɧɚɤɨ, ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɦɨɥɹɪɧɨɣ ɦɚɫɫɨɣ, 
ɟɝɨ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɟ ɬɪɟɛɭɟɬ ɜɵɫɨɤɢɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɦɨɞɢɮɢɤɚɬɨɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ – 2,6-ɞɢɚɰɟɬɢɥ-
2,4,6,8-ɬɟɬɪɚɚɡɚɛɢɰɢɤɥɨ[3.3.0]ɨɤɬɚɧ-3,7-ɞɢɨɧ-ɞɢɮɨɫɮɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (ȾȺȽɍȾɎɄ). ɋ 
ɩɪɢɦɟɧɟɧɢɟɦ ɞɚɧɧɨɝɨ ɦɨɞɢɮɢɤɚɬɨɪɚ ɩɨɥɭɱɟɧ ɩɢɤ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ 
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+1.06 ȼ. Ⱦɚɥɟɟ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɪɚɛɨɱɢɣ ɷɥɟɤɬɪɨɞ ɛɵɥ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧ ɭɝɥɟɪɨɞɧɵɦɢ ɱɟɪɧɢɥɚɦɢ, ɤɨɬɨɪɵɟ ɢɡɝɨɬɨɜɥɹɥɢɫɶ ɢɡ 
ɩɢɪɨɥɢɬɢɱɟɫɤɨɝɨ ɝɪɚɮɢɬɚ ɢ ɜɫɩɟɧɟɧɧɨɝɨ ɩɨɥɢɫɬɢɪɨɥɚ ɜ ɫɪɟɞɟ 1,2-ɞɢɯɥɨɪɷɬɚɧɚ. ɉɪɢɦɟɧɟɧɢɟ 
ɭɝɥɟɪɨɞɧɵɯ ɱɟɪɧɢɥ ɩɨɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ ɩɨɬɟɧɰɢɚɥ ɩɢɤɚ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɞɨ +0.8 ȼ. ɉɪɨɜɨɞɢɥɨɫɶ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɦɚɬɟɪɢɚɥɚ ɪɚɛɨɱɟɝɨ ɷɥɟɤɬɪɨɞɚ, ɮɨɧɨɜɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɢ pH ɫɪɟɞɵ. Ɋɚɛɨɱɢɟ 
ɭɫɥɨɜɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ: ɮɨɧɨɜɵɣ ɷɥɟɤɬɪɨɥɢɬ – ɮɨɫɮɚɬɧɵɣ ɛɭɮɟɪ ɫ pH=6,86, ɦɚɬɟɪɢɚɥ 
ɪɚɛɨɱɟɝɨ ɷɥɟɤɬɪɨɞɚ – ɤɨɦɩɨɡɢɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ 30% ɝɪɚɮɢɬɚ ɢ 70% ɩɨɥɢɷɬɢɥɟɧɚ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɧɨɫɢɬ ɤɜɚɡɢɨɛɪɚɬɢɦɵɣ 
ɯɚɪɚɤɬɟɪ. ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɤɨɧɫɬɚɧɬɵ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɢɮɮɭɡɢɢ. ɉɪɟɞɥɨɠɟɧ ɦɟɯɚɧɢɡɦ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ 
ɷɥɟɤɬɪɨɞɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɨɞɢɥɫɹ ɪɚɫɱɟɬ ɷɥɟɤɬɪɨɚɤɬɢɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɭɪɚɜɧɟɧɢɸ Ɋɟɧɞɟɥɫɚ-
ɒɟɜɱɢɤɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɭɝɥɟɪɨɞɧɵɯ ɱɟɪɧɢɥ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɷɥɟɤɬɪɨɚɤɬɢɜɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɜ 1,7 ɪɚɡɚ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɩɪɨɜɨɞɢɥɢɫɶ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ. 

ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɤɚ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɹɱɟɣɤɟ 
ɥɢɧɟɣɧɚ ɜ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 2,1 ɦɤ/ɦɥ ɞɨ 12,7 ɦɤ/ɦɥ. ɉɪɟɞɟɥ ɨɩɪɟɞɟɥɟɧɢɹ, ɪɚɫɫɱɢɬɚɧɧɵɣ 
ɩɨ ɤɪɢɬɟɪɢɸ 3σ, ɫɨɫɬɚɜɢɥ 2,3 ɦɤ/ɦɥ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɨɛɪɚɡɰɚɯ 
ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 

ɋɨɞɟɪɠɚɧɢɟ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ (P=0,95, n = 6) 
Ɉɛɪɚɡɟɰ ɋɨɞɟɪɠɚɧɢɟ (ɦɝ/100 ɝ) ɋɄɈ(%) 

Ɇɨɥɨɤɨ 1 (ɩɚɫɬɟɪɢɡɨɜɚɧɧɨɟ, 3.5% ɠɢɪɧɨɫɬɶ) 15.43±0.59  2.15 

Ɇɨɥɨɤɨ 2 (ɩɚɫɬɟɪɢɡɨɜɚɧɧɨɟ, 3.5% ɠɢɪɧɨɫɬɶ) 14.65±0.32  2.27 

Ɇɨɥɨɤɨ 3 (ɩɚɫɬɟɪɢɡɨɜɚɧɧɨɟ, 3.5% ɠɢɪɧɨɫɬɶ) 21.02±0.59  2.12 

ɀɟɥɬɨɤ ɤɭɪɢɧɨɝɨ ɹɣɰɚ 1 50.47±2,31 4.58 

ɀɟɥɬɨɤ ɤɭɪɢɧɨɝɨ ɹɣɰɚ 2 60.84±2,00 3.25 

ɀɟɥɬɨɤ ɤɭɪɢɧɨɝɨ ɹɣɰɚ 3 47.25±2,00 4.14 

Ɍɜɨɪɨɝ 1 (2,5 % ɠɢɪɧɨɫɬɶ) 7.80 ±0.25 2.23 

Ɍɜɨɪɨɝ 2 (2,5 % ɠɢɪɧɨɫɬɶ) 8.12±0.24 3.05 

Ɍɜɨɪɨɝ 3 (2,5 % ɠɢɪɧɨɫɬɶ) 7.65±2.00 3.19 

ɋɦɟɬɚɧɚ 1 (20% ɠɢɪɧɨɫɬɶ) 57.48±1.83 3.20 

ɋɦɟɬɚɧɚ 2 (20% ɠɢɪɧɨɫɬɶ) 52.66±1.70  3.23 

ɋɦɟɬɚɧɚ 3 (20% ɠɢɪɧɨɫɬɶ) 52.89±2,14  4.05 

Ɇɚɫɥɨ ɫɥɢɜɨɱɧɨɟ 1(82.5% ɠɢɪɧɨɫɬɶ) 220.03±5.20  2.40 

Ɇɚɫɥɨ ɫɥɢɜɨɱɧɨɟ 2(82.5% ɠɢɪɧɨɫɬɶ) 174.34±2.60  1.86 

Ɇɚɫɥɨ ɫɥɢɜɨɱɧɨɟ 3(82.5% ɠɢɪɧɨɫɬɶ) 231.15±3.24 2.91 

 
ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɠɢɞɤɨɮɚɡɧɨɣ ɷɤɫɬɪɚɤɰɢɟɣ ɢɡɨɩɪɨɩɚɧɨɥɨɦ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 7000 ɨɛ/ɦɢɧ. ɢ ɞɟɤɚɧɬɚɰɢɟɣ. ɉɨɫɤɨɥɶɤɭ ɯɨɥɟɫɬɟɪɢɧ 
ɨɬɧɨɫɢɬɫɹ ɤ ɝɢɞɪɨɮɨɛɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ, ɚ ɞɥɹ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ ɜɨɞɧɵɟ ɫɪɟɞɵ, ɜ ɞɟɤɚɧɬɚɬ 
ɜɜɨɞɢɥɫɹ ɷɦɭɥɶɝɢɪɭɸɳɢɹ ɚɝɟɧɬ – 4-ɨɤɬɢɥɮɟɧɨɤɫɢɩɨɥɢɷɬɨɤɫɢɷɬɚɧɨɥ. 

ɉɪɨɜɨɞɢɥɨɫɶ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɢɡɜɟɫɬɧɨɣ 
ɦɟɬɨɞɢɤɟ Ɂɥɚɬɤɢɫɚ-Ɂɚɤɚ. ȼ ɨɫɧɨɜɭ ɦɟɬɨɞɚ ɫɪɚɜɧɟɧɢɹ ɩɨɥɨɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɯɨɥɟɫɬɟɪɢɧɚ ɤ 
ɮɨɪɦɢɪɨɜɚɧɢɸ ɨɤɪɚɲɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ ɬɪɟɯɯɥɨɪɢɫɬɵɦ ɠɟɥɟɡɨɦ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ. Ɋɟɝɢɫɬɪɚɰɢɹ 
ɫɢɝɧɚɥɚ ɨɫɭɲɟɜɥɹɥɚɫɶ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɤɚɡɚɧɚ ɜɵɫɨɤɚɹ ɫɯɨɞɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɨɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɩɨ Ɂɥɚɬɤɢɫɭ-Ɂɚɤɭ ɪɟɡɭɥɶɬɚɬɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɫɤɨɥɶɤɨ 
ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɢɤɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɢ ɩɨɥɭɱɟɧɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɟɧɫɨɪ ɦɨɝɭɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɜ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ. 

 
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɎɎɂ «Ɇɨɣ ɩɟɪɜɵɣ ɝɪɚɧɬ» №16-33-00319 ɦɨɥ_ɚ. 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞёɧ ɫɢɧɬɟɡ ɫɨɪɛɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɞɨɛɚɜɥɟɧɢɟɦ ɦɨɞɢɮɢɤɚɬɨɪɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɢɨɧɨɨɛɦɟɧɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɢɧɬɟɡɚ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. ɂɨɧɨɨɛɦɟɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɫɨɪɛɟɧɬɨɜ ɨɰɟɧɢɜɚɥɢ ɩɨ ɫɬɟɩɟɧɢ 
ɫɨɪɛɰɢɢ ɢɨɧɨɜ ɰɟɡɢɹ, ɥɢɬɢɹ, ɤɚɥɢɹ ɢ ɧɚɬɪɢɹ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɟɩɟɧɶ ɫɨɪɛɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɳɟɥɨɱɧɵɦ ɦɟɬɚɥɥɚɦ ɧɚ ɨɛɪɚɡɰɚɯ Ⱥ-2 ɢ Ⱥ-3, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ NH4CH3COO ɢ Cu(CH3COO)2, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ. 

In the present work the sorbents were obtained on the basis of zirconium oxide. The synthesis was followed by the 

addition of modifiers. Ion-exchange characteristics of the sorbents synthetized under optimum conditions in relation to ions 

of alkali metals have been studied. The ion exchange capacity of the obtained sorbents was evaluated according to the degree 

of cesium, lithium, potassium and sodium ions sorption. In the course of this work it was found that the degree of sorption in 

relation to alkali metals has higher values for the samples A-2 and A-3, modified by NH4CH3COO and Cu(CH3COO)2, 

respectively. 

 

ȼɜɟɞɟɧɢɟ. ɋɪɚɜɧɢɬɟɥɶɧɨ ɦɨɥɨɞɨɟ, ɧɨ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɳɟɟɫɹ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɯɢɦɢɢ – 
ɯɢɦɢɹ ɢɨɧɨɨɛɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɢɨɧɨɨɛɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚɲɥɢ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɛɥɚɫɬɹɯ ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɪɚɤɬɢɤɟ. 
ɂɡɛɢɪɚɬɟɥɶɧɨɫɬɶ ɫɨɪɛɰɢɢ, ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵɫɨɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ, ɪɚɞɢɚɰɢɨɧɧɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɶɸ, ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɪɛɟɧɬɨɜ ɜ ɪɚɡɪɚɛɨɬɤɟ 
ɬɟɯɧɨɥɨɝɢɣ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɱɢɫɬɵɯ ɜɟɳɟɫɬɜ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɢ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ, ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɹɞɟɪɧɨɝɨ ɝɨɪɸɱɟɝɨ, 
ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɩɪɨɳɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɟɲɟɧɢɹ ɧɟɤɨɬɨɪɵɯ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ.  

Ƚɥɭɛɨɤɚɹ ɨɱɢɫɬɤɚ ɜɟɳɟɫɬɜ ɫɜɹɡɚɧɚ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ, ɚ ɫɪɟɞɢ ɦɟɬɨɞɨɜ ɨɱɢɫɬɤɢ 
ɢɡ ɪɚɫɬɜɨɪɨɜ ɨɩɪɟɞɟɥёɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɦɟɸɬ ɫɨɪɛɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɜɟɫɶɦɚ ɩɪɢɟɦɥɟɦɵɟ 
ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɦɚɥɨɬɨɧɧɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ.  

ɐɟɥɟɧɚɩɪɚɜɥɟɧɧɵɣ ɫɢɧɬɟɡ ɫɨɪɛɟɧɬɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɩɬɢɦɚɥɶɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɰɢɪɤɨɧɢɣɮɨɫɮɚɬɧɨɝɨ ɩɨɥɢɦɟɪɚ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ. ɋɪɟɞɢ ɧɢɯ 
ɨɱɟɧɶ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɫɨɫɬɨɹɧɢɟ ɢɨɧɨɜ ɰɢɪɤɨɧɢɹ – ɫɬɟɩɟɧɶ ɢɯ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɟɦ. 

ɉɪɢ ɨɫɚɠɞɟɧɢɢ ɰɢɪɤɨɧɢɹ ɩɨɥɢɮɨɫɮɚɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɹɡɟɣ Zr-O-Zr ɢ Zr-O-P. 
Ɉɛɪɚɡɨɜɚɧɢɟ ɩɟɪɜɵɯ ɩɪɨɢɫɯɨɞɢɬ ɛɟɫɩɨɪɹɞɨɱɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɢɨɧɨɜ ɰɢɪɤɨɧɢɹ ɜ 
ɪɚɫɬɜɨɪɟ, ɫɤɨɪɨɫɬɢ ɪɚɡɦɟɲɢɜɚɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɤɢɫɥɨɬɧɨɫɬɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. ȼɬɨɪɵɟ 
ɨɛɪɚɡɭɸɬɫɹ ɧɚ ɝɨɬɨɜɵɯ ɩɨɥɢɮɨɫɮɚɬɧɵɯ ɰɟɩɨɱɤɚɯ P-O-P. ɉɪɢ ɛɨɥɶɲɨɣ ɞɥɢɧɟ ɩɨɥɢɮɨɫɮɚɬɧɵɯ 
ɰɟɩɨɱɟɤ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɨɥɢɦɟɪɚ ɛɨɥɶɲɟ ɢ ɢɨɧɨɨɛɦɟɧɧɵɟ ɝɪɭɩɩɵ 
ɫɬɚɧɨɜɹɬɫɹ ɞɨɫɬɭɩɧɟɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɢ ɨɛɳɚɹ ɢɨɧɨɨɛɦɟɧɧɚɹ ёɦɤɨɫɬɶ ɛɨɥɶɲɟ. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɫɨɪɛɰɢɢ ɧɚɜɟɫɤɭ ɫɨɪɛɟɧɬɚ 
0,1 ɝ ɩɨɦɟɳɚɥɢ ɜ ɩɨɥɢɷɬɢɥɟɧɨɜɵɣ ɫɬɚɤɚɧɱɢɤ, ɩɪɢɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɟɬɚɥɥɚ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ 10 ɦɝ/ɞɦ3, ɱɬɨɛɵ ɨɛɳɢɣ ɨɛɴёɦ ɫɨɫɬɚɜɥɹɥ 20 ɦɥ. ɉɪɢɝɨɬɨɜɥɟɧɧɵɣ ɪɚɫɬɜɨɪ 
ɩɟɪɟɦɟɲɢɜɚɥɢ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɜɫɬɪɹɯɢɜɚɬɟɥɟ ɜ ɬɟɱɟɧɢɟ 6 ɱɚɫɨɜ ɩɪɢ pH=3. Ɂɚɬɟɦ ɨɬɞɟɥɹɥɢ 
ɬɜёɪɞɭɸ ɮɚɡɭ ɨɬ ɪɚɫɬɜɨɪɚ ɢ ɨɩɪɟɞɟɥɹɥɢ ɨɫɬɚɬɨɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɟɬɚɥɥɚ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɥɥɨɜ ɜ ɪɚɫɬɜɨɪɟ ɩɪɨɜɨɞɢɥɢ ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɞɭɢɪɨɜɨɱɧɨɝɨ ɝɪɚɮɢɤɚ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɪɚɫɬɜɨɪɚɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɚɥɥɨɜ.  

Ɋɚɫɱёɬ ɫɬɟɩɟɧɢ ɫɨɪɛɰɢɢ ɩɪɨɜɨɞɢɥɢ ɩɨ ɮɨɪɦɭɥɟ: 
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ȿ = (ɋ ɢɫɯ. – ɋ ɤɨɧ.) / ɋ ɢɫɯ. * 100, % 
 

ɝɞɟ,  ɋ ɢɫɯ  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪɟ ɞɨ ɫɨɪɛɰɢɢ, ɦɝ/ɫɦ3; 
ɋ ɤɨɧ. – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪɟ ɩɨɫɥɟ ɫɨɪɛɰɢɢ, ɦɝ/ɫɦ3. 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɚɬɨɦɧɨ-ɚɛɫɨɛɰɢɨɧɧɨɦ 

ɫɩɟɤɬɪɨɦɟɬɪɟ «ɋɚɬɭɪɧ» ɜ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧ-ɜɨɡɞɭɯ, ɜ ɪɟɠɢɦɟ ɷɦɢɫɫɢɹ ɞɥɹ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. 
Ɉɛɪɚɡɰɵ Ⱥ-2 ɢ Ⱥ-3 ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɢɮɢɤɚɬɨɪɨɜ, ɜɜɨɞɢɦɵɯ ɜ 

ɦɨɦɟɧɬ ɨɫɚɠɞɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ.  
ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɮɨɫɮɚɬ ɰɢɪɤɨɧɢɹ (ɪɢɫ 1.), ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɫɥɨɢɫɬɭɸ 

ɫɬɪɭɤɬɭɪɭ. ɋɥɨɢ ɫɜɹɡɵɜɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɫɢɥ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɢ ɨɛɪɚɡɭɸɬ ɩɨɥɨɫɬɢ 
ɰɟɨɥɢɬɧɨɝɨ ɬɢɩɚ. ȼ ɰɟɧɬɪɟ ɩɨɥɨɫɬɟɣ ɤɨɨɪɞɢɧɢɪɨɜɚɧɵ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɫɜɹɡɚɧɵ ɫ ɮɨɫɮɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ. 

 

 
Ɋɢɫ.1. ɋɬɪɭɤɬɭɪɚ α-ɮɨɫɮɚɬɚ ɰɢɪɤɨɧɢɹ. 

Ɍɚɛɥɢɰɚ 1 
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɫɨɪɛɰɢɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 

№ ɨɛɪɚɡɰɚ ɦɨɞɢɮɢɤɚɬɨɪ 
ɇɚɬɪɢɣ Ʉɚɥɢɣ ɐɟɡɢɣ Ʌɢɬɢɣ 

ȿ,% ȿ,% ȿ,% ȿ,% 

Ⱥ-1 ɧɟɬ 9 20 82 55 

Ⱥ-2 NH4CH3COO 12 48 89 78 

Ⱥ-3 Cu(CH3COO)2    35 56 95 84 

Ⱥ-4 ɧɟɬ 5 17 71 26 

 

ȼ ɪɚɛɨɬɟ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɢɨɧɨɨɛɦɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɮɨɫɮɚɬɚ ɰɢɪɤɨɧɢɹ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ, ɜɜɨɞɹ 
ɜ ɦɨɦɟɧɬ ɨɫɚɠɞɟɧɢɹ ɢɨɧɵ, ɫɩɨɫɨɛɧɵɟ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɜɹɡɶ ɫ ɰɢɪɤɨɧɢɟɦ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 
ɜɢɞɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɜ ɫɨɪɛɟɧɬ ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɢɨɧɨɨɛɦɟɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɧɨ ɬɨɥɶɤɨ ɜ ɜɟɫɶɦɚ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
NH4CH3COO ɢ Cu(CH3COO)2 ɜɫɬɪɚɢɜɚɸɬɫɹ ɜ ɫɬɪɭɤɬɭɪɭ ɫɨɪɛɟɧɬɚ, ɭɜɟɥɢɱɢɜɚɸɬ ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴёɦɚ ɩɨɪ, ɫɩɨɫɨɛɫɬɜɭɹ ɥɭɱɲɟɦɭ ɩɪɨɧɢɤɧɨɜɟɧɢɸ 
ɫɨɪɛɢɪɭɟɦɵɯ ɢɨɧɨɜ. 

Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɫɨɪɛɟɧɬɚ. 
Ɏɨɫɮɚɬ α-ɰɢɪɤɨɧɢɹ, Zr(HPO4)2 ·H2O ɛɵɥ ɩɨɥɭɱɟɧ ɦɟɬɨɞɨɦ ɨɫɚɠɞɟɧɢɹ. Ɉɤɬɚɝɢɞɪɚɬ ɨɤɢɫɢ 

ɞɢɯɥɨɪɢɞɚ ɰɢɪɤɨɧɢɹ (8ɝ) ɛɵɥ ɪɚɫɬɜɨɪɟɧ ɜ ɜɨɞɟ (262 ɦɥ) ɢ ɮɬɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɟ (40%, 
5,5ɦɥ) ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɞɨɛɚɜɥɟɧɢɢ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ (ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 85%, 19,25 ɦɥ) ɢ 
ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. Ʉɨɝɞɚ ɨɛɪɚɡɭɟɬɫɹ ɫɬɭɞɟɧɢɫɬɵɣ ɮɨɫɮɚɬ ɰɢɪɤɨɧɢɹ, ɞɨɛɚɜɥɹɟɬɫɹ 
ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɬɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ, ɞɥɹ ɩɨɥɧɨɬɵ ɨɫɚɠɞɟɧɢɹ. ɋɦɟɫɶ ɛɵɥɚ 
ɩɨɦɟɳɟɧɚ ɧɚ ɜɨɞɹɧɭɸ ɛɚɧɸ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 50 °ɋ ɧɚ 24-30 ɱɚɫɨɜ. Ɉɫɚɠɞɟɧɧɵɣ ɮɨɫɮɚɬ ɰɢɪɤɨɧɢɹ 
ɛɵɥ ɞɟɤɚɧɬɢɪɨɜɚɧ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ, ɨɬɞɟɥɟɧ ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɢ ɡɚɬɟɦ ɜɵɫɭɲɟɧ. 
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Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɫɨɪɛɟɧɬɚ. 
Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɜɨɣɫɬɜɚ ɫɨɪɛɟɧɬɨɜ ɡɚɜɢɫɹɬ ɨɬ ɜɜɨɞɢɦɨɝɨ ɩɪɢ ɫɢɧɬɟɡɟ ɦɨɞɢɮɢɤɚɬɨɪɚ. 

ɉɪɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɨɧɨɨɛɦɟɧɧɢɤɚ ɩɨɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɨɛɪɚɡɨɜɚɧɢɹ 
ɢ ɞɟɮɟɤɬɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɢ ɢɨɧɢɬɚ. 
ɂɨɧɨɨɛɦɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɮɨɫɮɚɬɚ ɰɢɪɤɨɧɢɹ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ, ɜɜɨɞɹ ɜ ɦɨɦɟɧɬ ɨɫɚɠɞɟɧɢɹ ɢɨɧɵ, 
ɫɩɨɫɨɛɧɵɟ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɜɹɡɢ ɫ ɰɢɪɤɨɧɢɟɦ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɚɰɟɬɚɬɵ ɦɟɞɢ (Cu(CH3COO)2) ɢ ɚɦɦɨɧɢɹ (NH4CH3COO), ɜ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ 
ɫɨɨɬɧɨɲɟɧɢɢ 0,1:1 ɦɨɥɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɰɢɪɤɨɧɢɸ. 

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɨɛɚɜɤɢ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 
ɫɟɥɟɤɬɢɜɧɵɯ ɫɜɨɣɫɬɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɳɟɥɨɱɧɵɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. Ɍɚɤɠɟ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɚɰɟɬɚɬɚ ɦɟɞɢ (+2) ɩɪɢɜɨɞɢɬ ɤ ɭɤɪɭɩɧɟɧɢɸ 
ɱɚɫɬɢɰ, ɬɨ ɟɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɚɝɥɨɦɟɪɚɬɨɜ. 

ȼɵɜɨɞɵ. 
ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɨɛɪɚɡɰɵ ɮɨɫɮɚɬɚ ɰɢɪɤɨɧɢɹ (+4) ɦɟɬɨɞɨɦ 

ɨɫɚɠɞɟɧɢɹ. Ɉɛɪɚɡɰɵ ɛɵɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ ɤɨɦɩɥɟɤɫɚɦɢ ɚɰɟɬɚɬɨɜ ɚɦɦɨɧɢɹ ɢ ɦɟɞɢ (+2), ɢɡɭɱɟɧɨ 
ɜɥɢɹɧɢɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɢɨɧɨɨɛɦɟɧɧɵɟ ɫɜɨɣɫɬɜɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɨɪɛɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɪɹɞ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 
ɩɪɢɧɢɦɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: Cs+ > Li+ > K+ > Na+ 

ɉɨ ɞɚɧɧɵɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɵ ɹɜɥɹɸɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ 
ɤɢɫɥɵɦɢ ɮɨɫɮɚɬɚɦɢ ɰɢɪɤɨɧɢɹ (+4). 

Ɏɨɫɮɚɬ ɰɢɪɤɨɧɢɹ (+4) ɜ ɜɢɞɟ ɪɹɞɚ ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɪɚɡɥɢɱɧɵɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɢ 
ɫɬɪɨɟɧɢɟɦ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ, ɬɟɪɦɢɱɟɫɤɨɣ, ɪɚɞɢɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ, 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɢɨɧɧɨɦɭ ɨɛɦɟɧɭ, ɫɜɹɡɚɧɧɨɣ ɫ ɧɚɥɢɱɢɟɦ ɩɪɨɬɨɧɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ. 

ɂɡɭɱɟɧɧɵɟ ɫɨɪɛɟɧɬɵ ɦɨɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɨɱɢɫɬɤɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ 
ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɜɚɠɧɨɫɬɶ ɞɚɧɧɵɯ ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ 
ɜ ɩɪɨɰɟɫɫɚɯ ɪɚɡɞɟɥɟɧɢɹ ɛɥɢɡɤɢɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɜɵɞɟɥɟɧɢɹ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜ 
ɨɞɧɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ. 
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Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɤɢɧɟɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɚɪɛɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɨɝɨ 

ɚɦɢɧɨɩɪɨɩɢɥɩɨɥɢɫɢɥɨɤɫɚɧɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɦɟɞɢ (II), ɧɢɤɟɥɹ, ɤɨɛɚɥɶɬɚ (II), ɰɢɧɤɚ, ɤɚɞɦɢɹ ɢ ɫɜɢɧɰɚ (II) ɢɡ 
ɚɦɦɢɚɱɧɨ-ɚɰɟɬɚɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɡɧɚɱɟɧɢɢ ɪɇ 6,0 ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɍɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɬɞɟɥɟɧɢɹ ɢɨɧɨɜ ɦɟɞɢ (II) ɨɬ ɨɫɬɚɥɶɧɵɯ ɢɨɧɨɜ ɩɨɫɥɟ ɩɪɨɩɭɫɤɚɧɢɹ 40 ɫɦ3 ɪɚɫɬɜɨɪɚ ɷɥɸɟɧɬɚ ɫɨ ɫɤɨɪɨɫɬɶɸ 2 ɫɦ3/ɦɢɧ 
ɱɟɪɟɡ ɫɥɨɣ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɨɥɢɫɢɥɨɤɫɚɧɚ. ȼɵɯɨɞɧɚɹ ɤɪɢɜɚɹ ɢɨɧɨɜ ɦɟɞɢ (II) ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɦɨɞɟɥɹɦɢ Ⱥɞɚɦɫɚ-

Ȼɨɯɚɪɬɚ, Ɍɨɦɚɫɚ ɢ ɘɧɚ-ɇɟɥɶɫɨɧɚ. ɉɨɥɧɚɹ ɞɟɫɨɪɛɰɢɹ ɫɨɪɛɢɪɨɜɚɧɧɵɯ ɢɨɧɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ 20 ɫɦ3 0,1 

ɦɨɥɶ/ɞɦ3 ɪɚɫɬɜɨɪɚ ɗȾɌȺ ɫɨ ɫɤɨɪɨɫɬɶɸ 2 ɫɦ3/ɦɢɧ. 

This work is devoted to study of kinetic properties of carboxylated aminopropylpolysiloxane in relation to copper (II), 

nickel, cobalt (II), zinc, cadmium and lead (II) ions from ammonium-acetate solution at pH 6.0 in dynamic conditions. The 

possibility of copper (II) ions separation from other ions after passing 40 cm3 of the eluent solution at the rate 2 cm3/min 

through the studied polysiloxane layer was found. The breakthrough curve of copper ions (II) is described with the Adams-

Bohart, Thomas and Yoon-Nelson models. Complete desorption of adsorbed ions is observed in the passing of 20 cm3 0.1 

mol/dm3 EDTA solution at a rate of 2 cm3/min. 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɚ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɢɨɧɚɦɢ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ. ɉɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɬɚɤɢɯ ɦɟɬɚɥɥɨɜ ɜ ɩɪɢɪɨɞɧɵɯ ɜɨɞɚɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɱɟɥɨɜɟɤɨɦ, 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɟɝɨ ɡɞɨɪɨɜɶɟ. ɉɨɷɬɨɦɭ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɢɨɧɨɜ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. Ɉɞɧɚɤɨ ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɢɯ 
ɫɨɞɟɪɠɚɧɢɟ ɜ ɜɨɞɧɵɯ ɨɛɴɟɤɬɚɯ ɦɚɥɨ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ. ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɩɪɢɦɟɧɹɸɬ 
ɫɨɪɛɰɢɨɧɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɯ 
ɫɨɪɛɟɧɬɨɜ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɨɪɛɰɢɢ ɬɚɤɢɯ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɤɚɤ ɦɟɞɶ 
(II), ɧɢɤɟɥɶ, ɤɨɛɚɥɶɬ (II), ɰɢɧɤ, ɤɚɞɦɢɣ ɢ ɫɜɢɧɟɰ (II), ɩɨɥɢɫɢɥɨɤɫɚɧɨɦ, ɫɨɞɟɪɠɚɳɢɦ 
ɤɚɪɛɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ (ɄɗȺɉɋ), ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɯɨɞɧɵɟ ɤɪɢɜɵɟ ɫɨɪɛɰɢɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ 
ɢɡ ɚɦɦɢɚɱɧɨ-ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨ ɡɧɚɱɟɧɢɟɦ ɪɇ = 6,0, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɢɪɭɟɦɨɫɬɢ, ɩɪɢ ɫɤɨɪɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ 2 ɫɦ3/ɦɢɧ. 
ȼɢɞɧɨ, ɱɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɫɨɪɛɰɢɢ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɢɨɧɨɜ ɢɦɟɸɬ ɭɱɚɫɬɤɢ ɧɚɫɵɳɟɧɢɹ. 
Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɞɥɹ ɢɨɧɨɜ ɤɨɛɚɥɶɬɚ (II) ɢ ɧɢɤɟɥɹ (II) ɜɵɯɨɞɹɬ ɧɚ ɧɚɫɵɳɟɧɢɟ ɩɨɫɥɟ 
ɩɪɨɩɭɫɤɚɧɢɹ 60 ɫɦ3 ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ ɩɚɬɪɨɧ, ɞɥɹ ɢɨɧɨɜ ɤɚɞɦɢɹ ɢ ɰɢɧɤɚ – 100 ɫɦ3, ɚ 
ɢɨɧɨɜ ɦɟɞɢ (II) ɢ ɫɜɢɧɰɚ (II) – 240 ɫɦ3. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɨ ɨɬɞɟɥɟɧɢɟ ɢɨɧɨɜ ɦɟɞɢ (II) ɨɬ 
ɨɫɬɚɥɶɧɵɯ ɢɨɧɨɜ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɪɚɫɬɜɨɪɟ, ɩɨɫɥɟ ɩɪɨɩɭɫɤɚɧɢɹ 40 ɫɦ3 ɪɚɫɬɜɨɪɚ ɷɥɸɚɬɚ ɱɟɪɟɡ 
ɫɥɨɣ ɢɫɫɥɟɞɭɟɦɨɝɨ ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɫɢɥɨɤɫɚɧɚ. 

ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɜɵɯɨɞɧɵɟ ɤɪɢɜɵɟ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ ɩɨ ɦɨɞɟɥɹɦ Ⱥɞɚɦɫɚ-Ȼɨɯɚɪɬɚ, Ɍɨɦɚɫɚ ɢ 
ɘɧɚ-ɇɟɥɶɫɨɧɚ. ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɭɤɚɡɚɧɧɵɯ ɦɨɞɟɥɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜɵɯɨɞɧɚɹ ɤɪɢɜɚɹ 
ɢɨɧɨɜ ɦɟɞɢ (II) ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɜɫɟɦɢ ɬɪɟɦɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ, ɩɪɢ ɷɬɨɦ, ɢɫɯɨɞɹ 
ɢɡ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ, ɧɟɥɶɡɹ ɫɤɚɡɚɬɶ, ɤɚɤɚɹ ɢɡ ɦɨɞɟɥɟɣ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ 
ɨɩɢɫɵɜɚɟɬ ɜɵɯɨɞɧɭɸ ɤɪɢɜɭɸ. 

mailto:natalya_lakiza@mail.ru
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Ɋɢɫ. 1. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɜɵɯɨɞɧɵɟ ɤɪɢɜɵɟ ɫɨɪɛɰɢɢ ɢɨɧɨɜ ɦɟɞɢ (II), ɧɢɤɟɥɹ, ɤɨɛɚɥɶɬɚ (II), ɰɢɧɤɚ,  

ɤɚɞɦɢɹ ɢ ɫɜɢɧɰɚ (II) ɄɗȺɉɋ ɢɡ ɚɦɦɢɚɱɧɨ-ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɇ=6,0,  
ɋ=0,1 ɦɦɨɥɶ/ɞɦ3, m=0,0250 ɝ, F=2 ɫɦ3/ɦɢɧ 

Ɍɚɛɥɢɰɚ 1 
Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɟɣ Ⱥɞɚɦɫɚ-Ȼɨɯɚɪɬɚ, Ɍɨɦɚɫɚ ɢ ɘɧɚ-ɇɟɥɶɫɨɧɚ ɞɥɹ ɢɨɧɨɜ ɦɟɞɢ (II) 

Ɇɨɞɟɥɶ R2 k, ɫɦ3/ɦɦɨɥɶ·ɦɢɧ Q,ɦɦɨɥɶ/ɝ k’, ɦɢɧ-1 t50, ɦɢɧ 

Ⱥɞɚɦɫɚ-Ȼɨɯɚɪɬɚ 0,946 785 0,011 – – 

Ɍɨɦɚɫɚ 0,946 785 0,058 – – 

ɘɧɚ-ɇɟɥɶɫɨɧɚ 0,946 – – 0,073 42 

 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɫɨɪɛɰɢɢ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɛɵɥɢ ɷɥɸɢɪɨɜɚɧɵ, ɩɪɨɩɭɫɤɚɧɢɟɦ ɱɟɪɟɡ 

ɩɚɬɪɨɧ 0,1 ɦɨɥɶ/ɞɦ3 ɪɚɫɬɜɨɪɚ ɗȾɌȺ ɫɨ ɫɤɨɪɨɫɬɶɸ ɩɪɨɩɭɫɤɚɧɢɹ 2 ɫɦ3/ɦɢɧ. ɉɨɥɧɚɹ ɞɟɫɨɪɛɰɢɹ 
ɫɨɪɛɢɪɨɜɚɧɧɵɯ ɢɨɧɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ 20 ɫɦ3 ɪɚɫɬɜɨɪɚ ɗȾɌȺ. 
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ɍȾɄ 543.423.1 

 

ȾɍȽɈȼɈɃ ȺɌɈɆɇɈ-ɗɆɂɋɋɂɈɇɇɕɃ ɋɉȿɄɌɊȺɅɖɇɕɃ ȺɇȺɅɂɁ ɄȺɊɌɈɎȿɅə ɂ 
ɋɍȻɅɂɆɂɊɈȼȺɇɇɕɏ ɉɊɈȾɍɄɌɈȼ ɇȺ ɈɋɇɈȼȿ ɄȺɊɌɈɎȿɅə 

 
ȼ.Ⱥ. Ⱦɨɥɛɢɱ, ɋ.ɋ. ɋɚɜɢɧɨɜ 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɍɧɢɜɟɪɫɢɬɟɬɫɤɚɹ ɧɚɛɟɪɟɠɧɚɹ, ɞ. 7/9.  

e-mail: s.s.savinov@spbu.ru  

 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɩɢɫɚɧɚ ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɞɭɝɨɜɨɝɨ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

ɤɚɪɬɨɮɟɥɹ ɢ ɤɚɪɬɨɮɟɥɶɧɨɝɨ ɩɸɪɟ ɛɟɡ ɤɢɫɥɨɬɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɨɛɪɚɡɰɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɨɩɬɢɦɚɥɶɧɵɯ ɛɵɥɢ ɜɵɛɪɚɧɵ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ: ɦɚɫɫɚ ɧɚɜɟɫɤɢ 11 ɦɝ, ɦɟɠɷɥɟɤɬɪɨɞɧɨɟ ɪɚɫɫɬɨɹɧɢɟ 3,5 ɦɦ, ɫɢɥɚ 
ɬɨɤɚ 20 Ⱥ, ɪɚɡɛɚɜɥɟɧɢɟ ɩɪɨɛɵ ɭɝɨɥɶɧɵɦ ɩɨɪɨɲɤɨɦ 1:2, ɤɨɥɢɱɟɫɬɜɨ ɫɩɟɤɬɪɚɥɶɧɨɣ ɞɨɛɚɜɤɢ 0,5% ɦɚɫɫ. NaCl. ɉɪɢ 
ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɭɞɚɟɬɫɹ ɞɨɫɬɢɱɶ ɛɨɥɶɲɟɝɨ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ-ɲɭɦ (ɦɟɧɶɲɢɯ ɩɪɟɞɟɥɨɜ ɨɛɧɚɪɭɠɟɧɢɹ) ɢ 
ɧɢɜɟɥɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɦɚɬɪɢɰɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɶɧɵɯ ɫɦɟɫɟɣ ɧɚ ɭɝɨɥɶɧɨɦ ɩɨɪɨɲɤɟ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɵɯ 
ɨɛɪɚɡɰɨɜ. 

Technique developed for the arc atomic emission spectral analysis of potatoes and mashed potatoes without preliminary 

acid digestion is described. The following optimal conditions of analysis were obtained: sample weight of 11 mg, the 

interelectrode distance of 3.5 mm, the current amperage of 20 A, the amount of the spectral additive of 0.5% NaCl, dilution 

of the sample with carbon powder 1: 2. Technique allows to get greater signal-to-noise ratio (lower limits of detection) and 

level matrix influence when use artificial standard mixtures based on carbon powder. 

 
Ȼɥɚɝɨɞɚɪɹ ɧɟɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɧɟɩɪɢɯɨɬɥɢɜɵɦ ɭɫɥɨɜɢɹɦ ɯɪɚɧɟɧɢɹ, ɤɚɪɬɨɮɟɥɶ ɢ 

ɫɭɛɥɢɦɢɪɨɜɚɧɧɵɟ ɩɪɨɞɭɤɬɵ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɡɚɧɢɦɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɞɨɥɸ ɜ ɪɚɰɢɨɧɟ ɠɢɬɟɥɟɣ 
ɧɚɲɟɣ ɫɬɪɚɧɵ. Ʉɚɪɬɨɮɟɥɶ ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɩɨɥɟɡɧɵɯ ɞɥɹ ɨɪɝɚɧɢɡɦɚ ɜɟɳɟɫɬɜ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɷɫɫɟɧɰɢɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ, ɩɨɦɢɦɨ ɩɨɫɥɟɞɧɢɯ ɤɚɪɬɨɮɟɥɶ ɫɩɨɫɨɛɟɧ ɧɚɤɚɩɥɢɜɚɬɶ ɬɹɠɟɥɵɟ 
ɦɟɬɚɥɥɵ, ɩɨɫɬɭɩɚɸɳɢɟ ɢɡ ɩɨɱɜɵ. Ⱦɚɧɧɚɹ ɫɢɬɭɚɰɢɹ ɭɫɭɝɭɛɥɹɟɬɫɹ ɜ ɫɥɭɱɚɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ 
ɛɵɬɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɤɚɱɟɫɬɜɟɧɧɵɯ ɭɞɨɛɪɟɧɢɣ. ɉɨɷɬɨɦɭ ɨɩɪɟɞɟɥɟɧɢɟ 
ɷɫɫɟɧɰɢɚɥɶɧɵɯ ɢ ɬɨɤɫɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ, ɜɤɥɸɱɚɹ ɤɚɪɬɨɮɟɥɶ, ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɢɤ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɬɚɥɥɨɜ ɜ ɤɚɪɬɨɮɟɥɟ. 
Ɉɞɧɚɤɨ, ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɢɤ ɩɪɟɞɩɨɥɚɝɚɸɬ ɩɪɢɦɟɧɟɧɢɟ ɤɢɫɥɨɬɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɨɛɪɚɡɰɨɜ, 
ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɚɧɚɥɢɡɚ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɧɨ ɩɪɢɜɧɟɫɬɢ 
ɡɚɝɪɹɡɧɟɧɢɹ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɞɭɝɨɜɨɝɨ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɨɮɟɥɹ ɛɟɡ ɤɢɫɥɨɬɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɆɎɋ-8 ɫ ɮɨɬɨɞɢɨɞɧɵɦ ɞɟɬɟɤɬɨɪɨɦ 
ɆȺɗɋ, ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɢɡɥɭɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɭɝɨɜɨɣ ɪɚɡɪɹɞ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, 
ɫɨɡɞɚɜɚɟɦɵɣ ɝɟɧɟɪɚɬɨɪɨɦ ɂȼɋ-28. Ɉɛɪɚɡɰɵ ɤɚɪɬɨɮɟɥɹ ɛɵɥɢ ɜɵɦɵɬɵ ɜ ɞɟɢɨɧɢɡɨɜɚɧɧɨɣ ɜɨɞɟ, 
ɨɬɱɢɳɟɧɵ ɨɬ ɤɨɠɭɪɵ, ɢɡɦɟɥɶɱɟɧɵ ɢ ɜɵɫɭɲɟɧɵ (ɫɧɚɱɚɥɚ 4 ɱɚɫɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 120°ɋ, ɞɚɥɟɟ ɩɪɢ 
80°ɋ) ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ, ɜɥɚɠɧɨɫɬɶ ɤɚɪɬɨɮɟɥɹ ɫɨɫɬɚɜɢɥɚ 79-81% ɦɚɫɫ. ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɤɚɤ ɧɚ ɦɨɞɟɥɶɧɵɯ ɩɪɨɛɚɯ, ɬɚɤ ɢ ɪɟɚɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ɤɚɪɬɨɮɟɥɹ. ɉɨɫɤɨɥɶɤɭ 
ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɩɪɨɛ ɨɤɚɡɚɥɢɫɶ ɚɧɚɥɨɝɢɱɧɵɦɢ, 
ɞɚɥɟɟ ɩɪɢɜɨɞɹɬɫɹ ɞɚɧɧɵɟ ɬɨɥɶɤɨ ɞɥɹ ɨɞɧɨɝɨ ɢɡ ɧɢɯ. ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ 8 
ɩɚɪɚɥɥɟɥɶɧɵɦ ɨɩɪɟɞɟɥɟɧɢɹɦ ɞɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɥɚɫɶ ɨɩɬɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɧɚɜɟɫɤɢ ɜ ɢɧɬɟɪɜɚɥɟ 3-14 ɦɝ ɫ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ, ɩɨɥɧɨɝɨ ɩɨɫɬɭɩɥɟɧɢɹ ɩɪɨɛɵ 
ɡɚ ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ (ɪɢɫ. 1) ɡɚɜɢɫɢɦɨɫɬɢ ɥɨɝɚɪɢɮɦɚ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 
ɫɢɝɧɚɥɚ ɨɬ ɥɨɝɚɪɢɮɦɚ ɦɚɫɫɵ ɧɚɜɟɫɤɢ (ɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɵ ɢɫɯɨɞɹ ɢɡ ɩɨɫɬɪɨɟɧɢɹ 
ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜ ɤɨɨɪɞɢɧɚɬɚɯ lgI – lgm) ɥɢɧɟɣɧɵɣ ɪɨɫɬ ɧɚɛɥɸɞɚɟɬɫɹ ɞɨ ɦɚɫɫɵ 
ɧɚɜɟɫɤɢ 11 ɦɝ. 

ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɡɦɵ ɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ, ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ, ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ 
ɦɟɠɷɥɟɤɬɪɨɞɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ. ȼ ɪɚɛɨɬɟ ɢɡɭɱɚɥɚɫɶ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ-ɲɭɦ (ɝɞɟ ɲɭɦ 
ɨɩɪɟɞɟɥɹɥɫɹ ɤɚɤ ɮɥɭɤɬɭɚɰɢɢ ɫɢɝɧɚɥɚ ɯɨɥɨɫɬɨɝɨ ɨɩɵɬɚ) ɨɬ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɨɩɬɢɦɚɥɶɧɵɦ 
ɨɤɚɡɚɥɨɫɶ ɡɧɚɱɟɧɢɟ 3,5ɦɦ (ɪɢɫ. 2). 

mailto:s.s.savinov@spbu.ru


ȻɒɄɏ – 2017                                                          ɋɟɤɰɢɹ 4. ɇɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ 

 295 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɥɨɝɚɪɢɮɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɧɟɤɨɬɨɪɵɯ  

ɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɨɬ ɥɨɝɚɪɢɮɦɚ ɦɚɫɫɵ ɧɚɜɟɫɤɢ ɜ ɤɚɧɚɥɟ ɷɥɟɤɬɪɨɞɚ 

 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ-ɲɭɦ ɞɥɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɧɟɤɨɬɨɪɵɯ  

ɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɨɬ ɦɟɠɷɥɟɤɬɪɨɞɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 

 
ȿɳɟ ɨɞɧɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɭɫɥɨɜɢɹ ɚɬɨɦɢɡɚɰɢɢ ɩɪɨɛɵ ɢ ɜɨɡɛɭɠɞɟɧɢɹ 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɚɬɨɦɨɜ, ɹɜɥɹɟɬɫɹ ɮɨɪɦɚ ɷɥɟɤɬɪɨɞɚ, ɜ ɤɨɬɨɪɵɣ ɩɨɦɟɳɚɟɬɫɹ ɧɚɜɟɫɤɚ ɩɪɨɛɵ. ȼ 
ɪɚɛɨɬɟ ɢɡɭɱɚɥɢɫɶ ɷɥɟɤɬɪɨɞɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ 
ɪɢɫ. 3. ɂɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ-ɲɭɦ, ɨɩɬɢɦɚɥɶɧɨɣ ɛɵɥɚ ɩɪɢɡɧɚɧɚ ɮɨɪɦɚ 
ɷɥɟɤɬɪɨɞɚ № 6 (ɪɢɫ. 4). 

ɉɨɫɤɨɥɶɤɭ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɨɧɟɱɧɚɹ ɦɟɬɨɞɢɤɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɚɧɚɥɢɡɚ 
ɤɚɪɬɨɮɟɥɹ ɛɟɡ ɟɝɨ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɬ.ɟ. ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɩɨɪɨɲɤɚ, ɧɟɨɛɯɨɞɢɦɨ ɧɢɜɟɥɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ 
ɦɚɤɪɨɫɨɫɬɚɜɚ ɤɚɪɬɨɮɟɥɹ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ. ȼ ɞɭɝɨɜɨɣ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ 
ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɧɢɜɟɥɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɟ ɦɚɬɪɢɰɵ, ɹɜɥɹɸɬɫɹ ɫɢɥɚ ɬɨɤɚ ɪɚɡɪɹɞɚ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɛɭɮɟɪɚ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɩɨɡɜɨɥɹɸɬ ɭɜɟɥɢɱɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ 
[1, 2]. ȼ ɤɚɱɟɫɬɜɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɛɭɮɟɪɚ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɝɨɥɶɧɵɣ ɩɨɪɨɲɨɤ ɦɚɪɤɢ Ɉɋɑ, 
ɤɨɬɨɪɵɣ ɫɦɟɲɢɜɚɥɫɹ ɫ ɩɪɨɛɨɣ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ (ɨɬ 1:10 ɞɨ 10:1). ɂɫɯɨɞɹ ɢɡ 
ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ-ɲɭɦ, ɨɩɬɢɦɚɥɶɧɵɦ ɛɵɥɨ ɩɪɢɡɧɚɧɨ ɪɚɡɛɚɜɥɟɧɢɟ ɩɪɨɛɵ 
ɛɭɮɟɪɨɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:2. 
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Ɋɢɫ. 3. Ɋɚɡɦɟɪ ɢ ɮɨɪɦɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɭɝɨɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 

 

 
Ɋɢɫ. 4. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ–ɲɭɦ ɞɥɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɧɟɤɨɬɨɪɵɯ  

ɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɨɜ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ 

 
ɉɪɢ ɢɡɭɱɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɢ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ-ɲɭɦ ɨɬ ɫɢɥɵ ɬɨɤɚ 

ɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ ɜ ɤɚɱɟɫɬɜɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ 20 Ⱥ. ɉɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ 
(ɨɬɫɭɬɫɬɜɢɹ ɦɚɬɪɢɱɧɵɯ ɜɥɢɹɧɢɣ) ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȽɋɈ ɤɚɪɬɨɮɟɥɹ. 

 
Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɈɈɈ “ȼɆɄ-Ɉɩɬɨɷɥɟɤɬɪɨɧɢɤɚ”, ɱɶɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɛɵɥɨ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 
Ʌɢɬɟɪɚɬɭɪɚ  

1. ɋɚɜɢɧɨɜ ɋ.ɋ., Ⱥɧɢɫɢɦɨɜ Ⱥ.Ⱥ., Ⱦɪɨɛɵɲɟɜ Ⱥ.ɂ. ɉɪɨɛɥɟɦɵ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɨɬɛɨɪɚ ɨɛɪɚɡɰɨɜ, ɢɯ ɯɪɚɧɟɧɢɹ ɢ 
ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɢɤɪɨɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɫɥɸɧɵ ɱɟɥɨɜɟɤɚ // ɀɭɪɧɚɥ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ. 
2016. - Ɍ. 71, № 10. - ɋ. 1063-1068. 

2. Ⱦɪɨɛɵɲɟɜ Ⱥ.ɂ., Ɋɹɞɱɢɤɨɜɚ ɇ.Ⱥ., ɋɚɜɢɧɨɜ ɋ.ɋ. Ⱥɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɜɨɥɨɫ ɱɟɥɨɜɟɤɚ ɧɚ ɫɨɞɟɪɠɚɧɢɟ 
ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ // ɀɭɪɧɚɥ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ. – 2016. - Ɍ. 71, № 7. - ɋ. 745-750. 
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ɍȾɄ 543.423.1 

ȺɇȺɅɂɁ ɒȿɊɋɌɂ ɋȿɅɖɋɄɈɏɈɁəɃɋɌȼȿɇɇɕɏ ɀɂȼɈɌɇɕɏ ɆȿɌɈȾɈɆ ɂɋɉ-Ⱥɗɋ 

Ⱥ.ɂ. Ⱦɨɪɨɝɢɧɚ1,2 
1 ɂɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪɨɫɩ. Ⱥɤɚɞɟɦɢɤɚ Ʌɚɜɪɟɧɬɶɟɜɚ, 3. 
2 ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɝ. ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. ɉɢɪɨɝɨɜɚ, 2. 

e-mail: anastasia.nstu@gmail.com 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɫɜɹɳɟɧɨ ɪɚɡɪɚɛɨɬɤɟ ɷɤɫɩɪɟɫɫɧɨɣ ɂɋɉ-Ⱥɗɋ ɦɟɬɨɞɢɤɢ ɚɧɚɥɢɡɚ ɲɟɪɫɬɢ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ 
ɫɤɨɬɚ ɢ ɳɟɬɢɧɵ ɯɪɹɤɨɜ, ɚɧɚɥɢɡɭ ɲɟɪɫɬɢ ɢ ɳɟɬɢɧɵ ɠɢɜɨɬɧɵɯ ɪɚɡɧɵɯ ɩɨɪɨɞ, ɨɛɪɚɛɨɬɤɟ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ. 

The investigation is focused on the development of express ISP-AES technique for the analysis of wool of cattle and boar 

stubble, analysis of wool and bristles of animals of different breeds, treatment and interpretation of the analysis results. 

ɋɪɟɞɚ ɨɛɢɬɚɧɢɹ ɱɟɥɨɜɟɤɚ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɫɜɨɢɯ ɩɪɨɹɜɥɟɧɢɹɯ ɫɩɨɫɨɛɧɚ ɜ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ 
ɨɤɚɡɵɜɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɡɞɨɪɨɜɶɟ ɠɢɜɨɝɨ ɨɪɝɚɧɢɡɦɚ. Ɇɧɨɝɢɟ ɛɨɥɟɡɧɢ ɜɨɡɧɢɤɚɸɬ ɢɡ-
ɡɚ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ, ɩɥɨɯɨɣ ɩɢɬɶɟɜɨɣ ɜɨɞɵ, ɩɨɬɪɟɛɥɟɧɢɹ ɧɟɤɚɱɟɫɬɜɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ 
ɩɢɬɚɧɢɹ. Ɉɤɚɡɵɜɚɬɶ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɦɨɝɭɬ ɤɚɤ ɫɨɟɞɢɧɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɬɚɤ ɢ ɨɬɞɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ, ɧɚɩɪɢɦɟɪ, ɩɟɪɟɯɨɞɧɵɟ d-ɦɟɬɚɥɥɵ ɢ ɞɪ., ɩɪɟɜɵɲɟɧɢɟ 
ɞɨɩɭɫɬɢɦɵɯ ɧɨɪɦ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨ ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɫɨɫɬɨɹɧɢɢ ɡɞɨɪɨɜɶɹ. ɉɨɷɬɨɦɭ 
ɨɱɟɧɶ ɜɚɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɤɚɱɟɫɬɜɨ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɨɫɬɨɹɧɢɟ 
ɡɞɨɪɨɜɶɹ ɠɢɜɨɬɧɵɯ, ɦɹɫɨ ɢ ɦɨɥɨɤɨ ɤɨɬɨɪɵɯ ɭɩɨɬɪɟɛɥɹɸɬ ɜ ɩɢɳɭ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɜ 
ɫɨɜɪɟɦɟɧɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ: ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɣ, 
ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɵɣ, ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɵɣ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ. ɉɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɸɬ 
ɦɧɨɝɨɷɥɟɦɟɧɬɧɵɦ ɷɤɫɩɪɟɫɫɧɵɦ ɦɟɬɨɞɚɦ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɭ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ 
ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ (ɂɋɉ-Ⱥɗɋ). ɂɋɉ-Ⱥɗɋ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɨɩɪɟɞɟɥɹɬɶ ɞɨ 40-50 ɷɥɟɦɟɧɬɨɜ, ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ 
ɨɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɞɢɚɩɚɡɨɧɨɦ. 

Ⱥɧɚɥɢɡ ɜɨɥɨɫɹɧɨɝɨ ɩɨɤɪɨɜɚ ɠɢɜɨɬɧɵɯ – ɷɬɨ ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ 
ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɨɰɟɧɤɢ ɞɟɮɢɰɢɬɚ ɢɥɢ ɩɟɪɟɢɡɛɵɬɤɚ ɬɟɯ ɢɥɢ 
ɢɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨ ɧɚɥɢɱɢɢ ɢ ɜɟɥɢɱɢɧɟ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ, ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɪɚɡɥɢɱɧɵɯ 
ɡɚɛɨɥɟɜɚɧɢɣ, ɜɵɡɜɚɧɧɵɯ ɧɚɪɭɲɟɧɢɟɦ ɦɢɧɟɪɚɥɶɧɨɝɨ ɨɛɦɟɧɚ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɲɟɪɫɬɢ ɢ ɳɟɬɢɧɵ, ɤɚɤ ɨɛɴɟɤɬɚ ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɢɬ ɜ ɥɟɝɤɨɫɬɢ ɢ ɛɟɡɛɨɥɟɡɧɟɧɧɨɫɬɢ ɩɪɨɛɨɨɬɛɨɪɚ 
ɢ ɨɬɫɭɬɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɡɞɚɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɯɪɚɧɟɧɢɹ ɩɪɨɛ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɟɤɬɪɨɦɟɬɪ ɜɵɫɨɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ iCȺɊ-6500 (Thermo Scientific) ɫ ɩɧɟɜɦɚɬɢɱɟɫɤɢɦ ɪɚɫɩɵɥɢɬɟɥɟɦ ɢ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ 
ɤɚɦɟɪɨɣ ɰɢɤɥɨɧɧɨɝɨ ɬɢɩɚ. Ɋɟɝɢɫɬɪɚɰɢɸ ɫɩɟɤɬɪɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɭɫɥɨɜɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ 
ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ: ɦɨɳɧɨɫɬɶ: 1150 ɤȼɬ, ɫɤɨɪɨɫɬɶ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɩɨɬɨɤɚ: 0,7 ɥ/ɦɢɧ, ɚɤɫɢɚɥɶɧɵɣ 
ɨɛɡɨɪ ɩɥɚɡɦɵ, ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ – 3. Ɋɚɫɬɜɨɪɟɧɢɟ ɩɪɨɛ ɩɪɨɜɨɞɢɥɢ ɜ 
ɦɢɧɢɦɚɥɶɧɨɦ ɨɛɴёɦɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ HNO3 ɦɚɪɤɢ ɨɫ.ɱ. 27-5. ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɜɤɥɸɱɚɥɚ ɜ 
ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ: ɩɪɨɛɨɨɬɛɨɪ; ɩɪɨɦɵɜɤɚ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɩɪɨɛɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɛɪɚɛɚɬɵɜɚɸɬ ɦɨɸɳɢɦ ɫɪɟɞɫɬɜɨɦ) ɚɰɟɬɨɧɨɦ; ɜɡɹɬɢɟ ɧɚɜɟɫɨɤ m ~ 100 ɦɝ; ɪɚɡɥɨɠɟɧɢɟ ɜ 
ɦɢɤɪɨɜɨɥɧɨɜɨɣ ɩɟɱɢ MARS-5 ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (180°ɋ). Ⱥɧɚɥɢɡɭ ɩɨɞɜɟɪɝɚɥɢ 
ɪɚɫɬɜɨɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɡɛɚɜɥɟɧɢɟɦ ɜ 5, 50 ɢ 100 ɪɚɡ. 

ȼ ɯɨɞɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɂɋɉ-Ⱥɗɋ ɦɟɬɨɞɢɤɢ (ɫɪɚɜɧɟɧɢɟɦ c 
ɪɟɡɭɥɶɬɚɬɚɦɢ ȾɉɌ-Ⱥɗɋ ɢ ȾȾɉ-Ⱥɗɋ ɦɟɬɨɞɨɜ, ɚɧɚɥɢɡɨɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɚ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɜɨɥɨɫɚ NCS ZC 81200b) ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜɚɪɢɚɧɬ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ 
ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɨɜɟɪɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 14 ɷɥɟɦɟɧɬɨɜ: Al, Ba, Ca, Cr, Cu, 
Fe, K, Mg, Mn, Ni, P, Sr, Ti, Zn. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɧɢɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 20%. Ɍɚɤɠɟ 
ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ Ag, As, Au, B, Be, Bi, Cd, Co, Hg, Hf, In, Li, Mo, Nb, Pb, Rb, Re, Sb, 
Se, Si, Sn, Ta, Te, V, W, Zr, ɞɥɹ ɧɢɯ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɪɚɜɢɥɶɧɨɫɬɢ. 

Ɉɩɢɫɚɧɧɚɹ ɫɯɟɦɚ ɚɧɚɥɢɡɚ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɲɟɪɫɬɢ 
ɛɵɤɨɜ ɢ ɳɟɬɢɧɵ ɯɪɹɤɨɜ ɢɡ ɪɚɡɥɢɱɧɵɯ ɪɟɝɢɨɧɨɜ ɋɢɛɢɪɢ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ 
ɫɨɞɟɪɠɚɧɢɹ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɭ ɠɢɜɨɬɧɵɯ Ⱥɥɬɚɣɫɤɨɝɨ ɤɪɚɹ. Ȼɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ 47 ɩɪɨɛ 
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ɲɟɪɫɬɢ ɛɵɤɨɜ ɢ 15 ɩɪɨɛ ɳɟɬɢɧɵ ɯɪɹɤɨɜ. Ɂɚ ɪɟɡɭɥɶɬɚɬ ɛɵɥɨ ɜɡɹɬɨ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɜɵɛɨɪɨɤ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɤɚɥɢɹ ɜ ɳɟɬɢɧɟ ɯɪɹɤɨɜ 
ɩɪɢɦɟɪɧɨ ɜ 10 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɲɟɪɫɬɢ ɛɵɤɨɜ, ɦɟɞɢ ɢ ɰɢɧɤɚ ɛɨɥɶɲɟ ɩɨɱɬɢ ɜ 2 ɪɚɡɚ. Ⱥ ɬɚɤɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɤɚɤ Ca, Fe, Mg, Mn, Sr ɛɨɥɶɲɟ ɫɨɞɟɪɠɢɬɫɹ ɧɚɨɛɨɪɨɬ, ɭ ɛɵɤɨɜ ɜ 4-6 ɪɚɡ.  

 

 
Ɋɢɫ.1: ɋɪɚɜɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɲɟɪɫɬɢ ɠɢɜɨɬɧɵɯ Ⱥɥɬɚɣɫɤɨɝɨ ɤɪɚɹ, % ɦɚɫ. 

 
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ ɚɧɚɥɢɡɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɱɚɫɬɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. ɂɡɜɟɫɬɧɵ ɞɜɚ ɜɢɞɚ ɫɜɹɡɢ ɦɟɠɞɭ ɩɪɢɡɧɚɤɚɦɢ: 
ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɢ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ. ɉɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɫɜɹɡɹɯ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɦɟɞɢɤɨ-
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ, ɡɧɚɱɟɧɢɸ ɨɞɧɨɝɨ ɩɪɢɡɧɚɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɧɵɟ ɡɧɚɱɟɧɢɹ ɞɪɭɝɢɯ 
ɩɪɢɡɧɚɤɨɜ [1]. Ⱦɥɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɛ (n>40) ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɜɫɟɜɨɡɦɨɠɧɵɟ ɩɚɪɧɵɟ 
ɤɨɪɪɟɥɹɰɢɢ ɧɚɣɞɟɧɧɵɯ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ: ɩɨ ɤɪɢɬɟɪɢɸ ɉɢɪɫɨɧɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥёɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɚ ɞɥɹ ɷɥɟɦɟɧɬɨɜ, ɦɚɫɫɢɜ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɨɬɥɢɱɧɨɟ ɨɬ 
ɧɨɪɦɚɥɶɧɨɝɨ, ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɤɪɢɬɟɪɢɣ ɋɩɢɪɦɟɧɚ. 

ȼ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɪɨɛɚɯ ɳɟɬɢɧɵ ɯɪɹɤɨɜ Ⱥɥɬɚɣɫɤɨɝɨ ɤɪɚɹ ɡɚ 2014 ɝɨɞ ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɥɶɧɚɹ 
ɩɪɹɦɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɫɜɹɡɶ (R>0,7) ɞɥɹ 27 ɩɚɪ ɷɥɟɦɟɧɬɨɜ: Ca/Cu, Ca/Fe, Ca/K, Ca/Mg, Ca/P, 
Ca/Sr, Cu/Fe, Cu/K, Cu/Mg/ Cu/Mn, Cu/P, Cu/Sr, Fe/K, Fe/Mg, Fe/Mn, Fe/P, Fe/Sr, K/Mg, K/Mn, K/P, 
K/Sr, Mg/Mn, Mg/P, Mg/Sr, Mn/P, Mn/Sr, P/Sr, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɩɪɨɛɚɯ, ɨɬɨɛɪɚɧɧɵɯ ɜ 
2016 ɝɨɞɭ ɤɨɪɪɟɥɹɰɢɢ ɥɢɲɶ ɦɟɠɞɭ 21 ɩɚɪɨɣ. ȼ ɲɟɪɫɬɢ ɛɵɤɨɜ ɬɨɝɨ ɠɟ ɪɟɝɢɨɧɚ ɫɢɥɶɧɚɹ 
ɤɨɪɪɟɥɹɰɢɹ ɬɨɥɶɤɨ ɭ ɩɚɪɵ Ca/Mg, ɚ ɦɟɠɞɭ ɩɚɪɚɦɢ Ca/K, Ca/Mn, Ca/Zn, K/Mg, Mg/Mn, Mg/Zn 
ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɫɜɹɡɶ ɫɪɟɞɧɟɣ ɫɢɥɵ (0,3<R<0,7). 

ȼ ɪɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɂɋɉ-Ⱥɗɋ ɚɧɚɥɢɡɚ ɲɟɪɫɬɢ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɠɢɜɨɬɧɵɯ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɬɶ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: Al, Ag, As, Au, 
B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Hg, Hf, In, K, Li, Mg, Mn, Mo, Ni, Nb, P, Pb, Rb, Re, Sb, Se, Si, 
Sn, Sr, Ta, Te, Ti, V, W, Zr, Zn, ɞɥɹ 14 ɢɡ ɤɨɬɨɪɵɯ ɩɪɨɜɟɞɟɧɚ ɩɪɨɰɟɞɭɪɚ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥɶɧɨɫɬɢ, 
ɩɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 10-3 – 10-6 % ɦɚɫ., ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 20%. Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥ ɩɪɨɜɟɞёɧ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ, ɤɨɬɨɪɵɣ 
ɜɵɹɜɢɥ ɫɢɥɶɧɭɸ ɦɟɠɷɥɟɦɟɧɬɧɭɸ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ 27 ɩɚɪ ɷɥɟɦɟɧɬɨɜ ɜ ɳɟɬɢɧɟ 
ɯɪɹɤɨɜ, ɨɬɨɛɪɚɧɧɨɣ ɜ 2014 ɝɨɞɭ. Ɇɟɠɷɥɟɦɟɧɬɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɞɥɹ ɲɟɪɫɬɢ ɛɵɤɨɜ ɜɵɪɚɠɟɧɚ 
ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɚɛɟɟ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶ 
ɫɨɞɟɪɠɚɧɢɹ ɜ ɩɪɨɛɚɯ Ca, Fe, Mg, Mn, Ʉ, Sr, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɥɨɠɧɨɦ ɜɥɢɹɧɢɢ ɮɚɤɬɨɪɨɜ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ ɨɪɝɚɧɢɡɦ ɠɢɜɨɬɧɵɯ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ ɩɨ ɩɪɨɟɤɬɭ №15-

16-30003. 
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ɉɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɞɟɪɢɜɚɬɢɡɚɰɢɢ ɫɥɚɛɨɩɨɥɹɪɧɵɯ ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɢɯ ɢɡɭɱɟɧɢɹ ɦɟɬɨɞɨɦ 

ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɦɚɬɪɢɱɧɨ-ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɥɚɡɟɪɧɨɣ ɞɟɫɨɪɛɰɢɟɣ/ɢɨɧɢɚɡɰɢɟɣ (ɆȺɅȾɂ). ɉɪɟɞɥɨɠɟɧɧɵɣ 
ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɧɚɥɢɬɨɜ ɫ α,ω-N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɚɥɤɢɥɚɦɢɧɚɦɢ (2-ɞɢɦɟɬɢɥɚɦɢɧɨɷɬɢɥɚɦɢɧ, 3-

ɞɢɦɟɬɢɥɚɦɢɧɨɩɪɨɩɢɥɚɦɢɧ, 4-ɞɢɦɟɬɢɥɚɦɢɧɨɛɭɬɢɥɚɦɢɧ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɫɧɨɜɚɧɢɣ ɒɢɮɮɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ 
ɤɜɚɬɟɪɧɢɡɚɰɢɟɣ N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɝɪɭɩɩɵ ɚɥɤɢɥ (ɞɟɣɬɟɪɨɚɥɤɢɥ) ɝɚɥɨɝɟɧɢɞɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɦɨɧɢɟɜɵɯ ɫɨɥɟɣ. ȼ 
ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɞɟɪɢɜɚɬɢɡɚɰɢɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɟɤɨɬɨɪɵɟ ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɢ ɚɥɢɰɢɤɥɢɱɟɫɤɢɟ ɚɥɶɞɟɝɢɞɵ, ɚ 
ɬɚɤɠɟ ɫɬɟɪɨɢɞɧɵɟ ɤɟɬɨɧɵ. Ɋɟɝɢɫɬɪɚɰɢɸ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɨɜɨɞɢɥɢ ɤɚɤ ɜ ɭɫɥɨɜɢɹɯ ɆȺɅȾɂ, ɬɚɤ ɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɣ ɦɢɲɟɧɢ. ɉɨɥɭɱɟɧɧɵɟ ɦɚɫɫ-ɫɩɟɤɬɪɵ ɫɨɞɟɪɠɚɥɢ ɢɧɬɟɧɫɢɜɧɵɟ ɩɢɤɢ ɢɨɧɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɚɬɢɨɧɧɵɦ ɱɚɫɬɹɦ ɩɨɥɭɱɚɟɦɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɞɟɣɬɟɪɢɪɨɜɚɧɧɵɯ 
ɚɥɤɢɥɝɚɥɢɞɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡɨɬɨɩɧɨɦɟɱɟɧɧɵɟ ɫɬɚɧɞɚɪɬɵ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɟɬɨɞɨɦ ɢɡɨɬɨɩɧɨɝɨ ɪɚɡɛɚɜɥɟɧɢɹ. 

Reaction with α,ω-N,N-dimethylaminoalkylamines (2-dimethylaminoethylamine, 3-dimethylaminopropylamine, 4-

dimethylaminobutylamine) to form Schiff bases followed by quaternization of N,N-dimethylamino group by alkyl 

(deuteroalkyl) halids to generate fixed-charge fragment has been suggested for characterization of carbonyl compounds by 

MALDI mass spectrometry. As model objects, some aliphatic aldehydes and alicyclic and steroid ketones were involved in 

modification. Not only MALDI conditions but also nanosructurized target provided recording the spectra revealing the peaks 

for cationic parts of derivatives. It was shown that the use of deuterated alkyl halids allows one to prepare deuterium-labeled 

standards for possible quantitative analysis by isotope dilution.  

 

ɋɪɟɞɢ «ɦɹɝɤɢɯ» ɦɟɬɨɞɨɜ ɢɨɧɢɡɚɰɢɢ ɧɚɢɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɨɥɭɱɢɥɢ ɦɚɬɪɢɱɧɨ-
ɚɤɬɢɜɢɪɨɜɚɧɧɚɹ ɥɚɡɟɪɧɚɹ ɞɟɫɨɪɛɰɢɹ/ɢɨɧɢɡɚɰɢɹ (ɆȺɅȾɂ) ɢ ɢɨɧɢɡɚɰɢɹ ɷɥɟɤɬɪɨɪɚɫɩɵɥɟɧɢɟɦ 
(ɂɗɊ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɩɪɢ ɚɧɚɥɢɡɟ ɩɨɥɹɪɧɵɯ, ɬɟɪɦɢɱɟɫɤɢ 
ɧɟɫɬɚɛɢɥɶɧɵɯ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɟ ɦɟɧɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢ 
ɩɪɢɦɟɧɟɧɢɟ ɷɬɢɯ ɦɟɬɨɞɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ ɷɬɨɦ, ɨɞɧɚɤɨ, 
ɡɚɱɚɫɬɭɸ ɬɪɟɛɭɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɞɟɪɢɜɚɬɢɡɚɰɢɹ ɚɧɚɥɢɬɨɜ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɢɯ ɥɟɬɭɱɟɫɬɢ, 
ɭɜɟɥɢɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɨɧɢɡɚɰɢɢ, ɭɜɟɥɢɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɜɟɳɟɫɬɜ, 
ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɢɹ ɤɨɧɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɯ ɫɬɪɭɤɬɭɪɵ [1,2]. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 
ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɤɥɚɫɫɨɜ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɚɧɚɥɢɬɨɜ ɹɜɥɹɸɬɫɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɮɚɪɦɚɰɢɢ ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɤɚɪɛɨɧɢɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɷɬɢɯ 
ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɆȺɅȾɂ ɩɪɨɜɨɞɢɬɫɹ ɢɯ ɞɟɪɢɜɚɬɢɡɚɰɢɹ ɪɚɡɥɢɱɧɵɦɢ 
ɚɦɢɧɚɦɢ, ɝɢɞɪɚɡɢɧɚɦɢ ɢ ɝɢɞɪɚɡɢɞɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 
ɞɟɫɨɪɛɰɢɢ/ɢɨɧɢɡɚɰɢɢ ɨɫɧɨɜɚɧɢɣ ɒɢɮɮɚ [3]. ɂɧɬɟɪɟɫɟɧ ɩɨɞɯɨɞ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ ɬɚɤɨɣ 
ɞɟɪɢɜɚɬɢɡɚɰɢɢ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɦɚɬɪɢɰ, ɤɨɬɨɪɵɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɹɜɥɹɸɬ ɞɜɨɣɫɬɜɟɧɧɵɟ 
ɫɜɨɣɫɬɜɚ: ɚɝɟɧɬɨɜ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ɚɧɚɥɢɬɨɜ ɢ ɦɚɬɪɢɰ ɞɥɹ ɆȺɅȾɂ [4-6]. Ɉɞɧɚɤɨ ɨɫɨɛɟɧɧɨ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɚɧɚɥɢɡɚ ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɵɝɥɹɞɹɬ ɪɟɚɝɟɧɬɵ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɜɜɨɞɢɬɶ ɜ ɦɨɥɟɤɭɥɭ ɚɧɚɥɢɬɚ ɝɪɭɩɩɭ c ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɡɚɪɹɞɨɦ. Ʉɚɬɢɨɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɥɟɝɤɨ ɞɟɫɨɪɛɢɪɭɸɬɫɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɨɠɢɞɚɟɦɵɟ ɦɚɫɫ-ɫɩɟɤɬɪɵ 
ɆȺɅȾɂ ɢɥɢ ɂɗɊ. ɂɡɜɟɫɬɧɵ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɟ ɞɟɪɢɜɚɬɢɡɚɰɢɨɧɧɵɟ ɚɝɟɧɬɵ ɬɚɤɨɝɨ ɬɢɩɚ - 
ɪɟɚɤɬɢɜɵ ɀɢɪɚɪɚ T ɢ ɉ [7]. Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɚɝɟɧɬɨɜ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɚɧɚɥɢɬɨɜ ɦɟɬɨɞɨɦ ɢɡɨɬɨɩɧɨɝɨ ɪɚɡɛɚɜɥɟɧɢɹ, ɩɨɥɭɱɢɬɶ ɢɯ ɦɟɱɟɧɵɟ ɚɧɚɥɨɝɢ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɪɚɧɟɟ ɧɟ ɨɩɢɫɚɧɧɨɝɨ ɬɢɩɚ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɨɞɨɦ ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɆȺɅȾɂ. ɗɬɢ ɫɨɟɞɢɧɟɧɢɹ - α,ω-N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɚɥɤɢɥɚɦɢɧɵ - ɨɛɥɚɞɚɸɬ 
ɬɟɪɦɢɧɚɥɶɧɨɣ ɩɟɪɜɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ, ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɧɚ ɜɫɬɭɩɚɬɶ ɜ ɪɟɚɤɰɢɸ ɫ ɤɚɪɛɨɧɢɥɨɦ ɫ 
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ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɫɧɨɜɚɧɢɣ ɒɢɮɮɚ. ɉɪɢ ɷɬɨɦ ɜ ɫɨɫɬɚɜɟ ɬɚɤɢɯ ɞɟɪɢɜɚɬɢɡɚɰɢɨɧɧɵɯ ɚɝɟɧɬɨɜ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɢ N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɝɪɭɩɩɚ, ɫɩɨɫɨɛɧɚɹ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɚɥɤɢɥɝɚɥɨɝɟɧɢɞɚɦɢ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɦɦɨɧɢɟɜɵɯ ɫɨɥɟɣ (ɪɢɫ.1.). ȼɚɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 
ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɬɚɤɨɣ ɤɜɚɬɟɪɧɢɡɚɰɢɢ 
ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ ɢɡɨɬɨɩɧɨɦɟɱɟɧɧɵɯ ɝɚɥɨɝɟɧɚɥɤɚɧɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶ 
ɢɡɨɬɨɩɧɨɦɟɱɟɧɧɵɟ ɫɬɚɧɞɚɪɬɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɞɟ ɞɟɪɢɜɚɬɢɡɚɰɢɢ. 
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Ɋɢɫ.1. ɋɯɟɦɚ ɞɟɪɢɜɚɬɢɡɚɰɢɢ ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ  
α,ω-N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɚɥɤɢɥɚɦɢɧɚ ɢ ɚɥɤɢɥɝɚɥɨɝɟɧɢɞɚ 

 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɟ ɫɨɟɞɢɧɟɧɢɹ: ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɚɥɶɞɟɝɢɞɵ ɢ 
ɤɟɬɨɧɵ (ɜɚɥɟɪɚɥɶɞɟɝɢɞ, 2-ɷɬɢɥɝɟɤɫɚɧɚɥɶ, ɢɡɨɝɟɤɫɚɧɚɥɶ, ɞɨɞɟɤɚɧɚɥɶ ɢ 4-ɝɟɩɬɚɧɨɧ), ɰɢɤɥɨɝɟɤɫɚɧɨɧ 
ɢ 2-ɚɞɚɦɚɧɬɚɧɨɧ, ɫɬɟɪɨɢɞɵ (ɷɫɬɪɨɧ ɢ ɬɟɫɬɨɫɬɟɪɨɧ), α,ω-N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɚɥɤɢɥɚɦɢɧɵ (2-
ɞɢɦɟɬɢɥɚɦɢɧɨɷɬɢɥɚɦɢɧ, 3-ɞɢɦɟɬɢɥɚɦɢɧɨɩɪɨɩɢɥɚɦɢɧ, 4-ɞɢɦɟɬɢɥɚɦɢɧɨɛɭɬɢɥɚɦɢɧ), ɚ ɬɚɤɠɟ 
ɚɥɤɢɥɝɚɥɨɝɟɧɢɞɵ (ɦɟɬɢɥɢɨɞɢɞ, ɷɬɢɥɢɨɞɢɞ, ɬɪɢɞɟɣɬɟɪɨɦɟɬɢɥɢɨɞɢɞ, 2,2,2-ɬɪɢɞɟɣɬɟɪɨɷɬɢɥɢɨɞɢɞ). 
Ɂɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɦɚɫɫ-ɫɩɟɤɬɪɵ ɆȺɅȾɂ ɩɪɨɢɡɜɨɞɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɤɚɤ ɢɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɢ ɢɯ ɫɦɟɫɟɣ, ɫɨɞɟɪɠɚɥɢ ɬɨɥɶɤɨ ɩɢɤɢ ɤɚɬɢɨɧɧɵɯ ɱɚɫɬɟɣ ɷɬɢɯ ɦɨɥɟɤɭɥ. ɋɪɚɜɧɟɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɩɢɤɨɜ ɢɨɧɨɜ ɩɪɨɞɭɤɬɨɜ ɞɟɪɢɜɚɬɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɤɢɥɝɚɥɨɝɟɧɢɞɚ ɢ ɟɝɨ 
ɦɟɱɟɧɨɝɨ ɚɧɚɥɨɝɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɫɨɪɛɰɢɢ/ɢɨɧɢɡɚɰɢɢ ɞɟɣɬɟɪɨɦɟɱɟɧɵɯ ɢ 
ɧɟɦɟɱɟɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɚ. ɗɬɨɬ ɮɚɤɬ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɩɪɨɮɢɥɢɪɨɜɚɧɢɹ ɚɥɶɞɟɝɢɞɨɜ ɢ ɤɟɬɨɧɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɢɪɨɞɧɵɯ 
ɨɛɴɟɤɬɚɯ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ, ɩɪɨɟɤɬ № 15-03-07616ɚ.   
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ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɯ ɪɟɚɝɟɧɬɨɜ: ɨ-

ɮɟɧɚɧɬɪɨɥɢɧɚ, ɛɟɧɡɨɬɪɢɚɡɨɥɚ, ɛɟɧɡɢɦɢɞɚɡɨɥɚ, ɧɚ ɮɚɡɨɜɵɟ ɢ ɷɤɫɬɪɚɤɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɫɥɚɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ 
ɜɨɞɚ – ɫɭɥɶɮɨɧɨɥ (ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ, ɚɥɤɢɥɛɟɧɡɨɥɫɭɥɶɮɨɤɢɫɥɨɬɚ) – ɯɥɨɪɨɜɨɞɨɪɨɞɧɚɹ (ɫɟɪɧɚɹ) ɤɢɫɥɨɬɚ. 
ɍɫɬɚɧɨɜɥɟɧɵ ɢɧɬɟɪɜɚɥɵ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɢɫɥɨɬ, ɩɪɢ ɤɨɬɨɪɵɯ ɜ ɫɢɫɬɟɦɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɞɜɭɯɮɚɡɧɨɟ ɠɢɞɤɨɟ 
ɪɚɜɧɨɜɟɫɢɟ ɫ ɱɟɬɤɨɣ ɝɪɚɧɢɰɟɣ ɪɚɡɞɟɥɚ. ȼ ɩɪɟɞɥɨɠɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɢɡɭɱɟɧɨ ɦɟɠɮɚɡɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɹɞɚ ɢɨɧɨɜ 
ɦɟɬɚɥɥɨɜ: Fe(III), Fe(II), Co(II), Cu(II) ɢ Ni(II), ɨɛɪɚɡɭɸɳɢɯ ɫ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ.  

The effect of the introduction of additional organic complexing agents, such as o-phenanthroline, benzotriazole, 

benzimidazole, on the phase and extraction possibilities of the stratified systems water – sulphonol (sodium dodecyl sulphate, 

alkyl benzene sulphonic acid) – hydrochloric (sulphuric) acid was investigated. The acid concentration intervals at which 

there is two-phase liquid equilibrium with a clear border section are established. The interphase distribution of metal ions: 

Fe(III), Fe(II), Co(II), Cu(II) and Ni(II), which form stable complexes with the reagents under consideration in the proposed 

systems was studied. 

 
ȼɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɚɧɢɨɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɫɩɨɫɨɛɧɵ ɤ ɪɚɫɫɥɚɢɜɚɧɢɸ ɧɚ 

ɞɜɟ ɠɢɞɤɢɟ ɮɚɡɵ ɩɪɢ ɜɜɟɞɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɵɫɚɥɢɜɚɬɟɥɟɣ: ɦɢɧɟɪɚɥɶɧɵɯ ɤɢɫɥɨɬ, ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ 
[1]. ɉɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧɵ ɜ ɤɚɱɟɫɬɜɟ ɛɟɡɨɩɚɫɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɵ 
ɬɪɚɞɢɰɢɨɧɧɵɦ ɷɤɫɬɪɚɤɰɢɨɧɧɵɦ ɫɢɫɬɟɦɚɦ, ɜ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɸɬɫɹ ɬɨɤɫɢɱɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɪɚɫɬɜɨɪɢɬɟɥɢ.  

ȼ ɤɚɱɟɫɬɜɟ ɚɧɢɨɧɧɵɯ ɉȺȼ ɢɡɭɱɟɧɵ ɫɭɥɶɮɨɧɨɥ (ɧɚɬɪɢɣ ɚɥɤɢɥɛɟɧɡɨɫɭɥɶɮɨɧɚɬɵ ɧɚ ɨɫɧɨɜɟ 
ɤɟɪɨɫɢɧɚ ɨɛɳɟɣ ɮɨɪɦɭɥɵ CnH2n+1C6H4SO3Na, ɝɞɟ n = 12–18), ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ (SDS, 
C12H25OSO3Na) ɢ ɚɥɤɢɥɛɟɧɡɨɥɫɭɥɶɮɨɤɢɫɥɨɬɚ (ȺȻɋɄ, ɨɛɳɟɣ ɮɨɪɦɭɥɵ CnH2n+1C6H4SO3ɇ, ɝɞɟ n = 
10-14) [2, 3]. ɗɬɢ ɫɢɫɬɟɦɵ ɨɛɥɚɞɚɥɢ ɫɥɚɛɨɣ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɚ ɢɧɬɟɪɜɚɥ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɢɫɥɨɬ, ɜ ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɥɨɫɶ ɞɜɭɯɮɚɡɧɨɟ ɠɢɞɤɨɟ ɪɚɜɧɨɜɟɫɢɟ, ɛɵɥ ɭɡɤɢɦ. 
ȼɜɟɞɟɧɢɟ ɜ ɧɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɟɣ – ɚɧɬɢɩɢɪɢɧɚ, 
ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧɚ ɢ ɟɝɨ ɝɨɦɨɥɨɝɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɹɥɨ ɢɧɬɟɪɜɚɥ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɬ ɢ 
ɭɜɟɥɢɱɢɜɚɥɨ ɢɡɜɥɟɱɟɧɢɟ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ [4, 5]. ɉɪɨɢɡɜɨɞɧɵɟ ɩɢɪɚɡɨɥɨɧɚ ɩɨɤɚɡɚɥɢ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɷɤɫɬɪɚɤɰɢɢ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ, ɢɡɜɥɟɤɚɸɳɢɯɫɹ ɤɚɤ ɩɨ 
ɚɧɢɨɧɨɨɛɦɟɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ (Fe(III), Ga(III), Tl(III), Sn(II)), ɬɚɤ ɢ ɩɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɦɭ 
ɦɟɯɚɧɢɡɦɭ (Sc(III), Zr(IV), Hf(IV)). 

ɗɤɫɬɪɚɤɰɢɹ ɢɨɧɨɜ Fe(II), Co(II), Cu(II), Ni(II) ɩɪɨɢɡɜɨɞɧɵɦɢ ɩɢɪɚɡɨɥɨɧɚ ɢɡ ɯɥɨɪɢɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɧɟɤɨɥɢɱɟɫɬɜɟɧɧɚɹ, ɢɡ ɫɟɪɧɨɤɢɫɥɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɜɟɞɟɧɢɹ ɜ ɫɢɫɬɟɦɵ ɪɟɚɝɟɧɬɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ ɫ 
ɞɚɧɧɵɦɢ ɦɟɬɚɥɥɚɦɢ: ɨ-ɮɟɧɚɧɬɪɨɥɢɧɚ (Phen), ɛɟɧɡɨɬɪɢɚɡɨɥɚ (ȻɌȺ), ɛɟɧɡɢɦɢɞɚɡɨɥɚ (ȻɂȺ), ɧɚ 
ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɷɤɫɬɪɚɤɰɢɨɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɞɧɵɯ ɪɚɫɫɥɚɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɚɧɢɨɧɧɵɯ ɉȺȼ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɵɛɪɚɧɵ 
ɨɩɬɢɦɚɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɫɢɫɬɟɦ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥ. 1. 

Ɍɚɛɥɢɰɚ 1 
Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɬɪɚɤɰɢɢ (Vɨɛɳ = 20,0 ɦɥ) 
Ɋɟɚɝɟɧɬ ɋɭɥɶɮɨɧɨɥ SDS ȺȻɋɄ 

ɇɚɡɜɚɧɢɟ mɪɟɚɝ, ɝ HCl H2SO4 HCl H2SO4 HCl H2SO4 

ɨ-ɮɟɧɚɧɬɪɨɥɢɧ  0,3 * * 0,75-5,0 0,5-3,0 * * 

ɛɟɧɡɨɬɪɢɚɡɨɥ  1,0 0,2-5,0 0,1-4,0 0,2-5,0 0,1-3,0 0,0-4,0 0,0-3,0 

ɛɟɧɡɢɦɢɞɚɡɨɥ  0,24 * * 0,2-5,0 0,1-3,0 * * 

* –  ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɫɫɥɚɢɜɚɧɢɹ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. 
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В системах вода – SDS – HCl (H2SO4) при введении Phen фаза ПАВ мутная, в отсутствие 
ионов металлов окрашена в розовый цвет, вязкая; водная фаза прозрачная, бесцветная; между 
фазами наблюдается четкая граница раздела. При концентрации HCl от 0,75 до 3,5 моль/л фаза 
SDS находится внизу, при содержании кислоты 3,5 моль/л наблюдается инверсия фаз. В системе 
с H2SO4 фаза ПАВ сразу находится внизу. 

В системе вода – SDS – HCl в присутствии о-фенантролина изучена экстракция ионов Co(II), 
Cu(II), Ni(II), Fe(II) и Fe(III) (рис. 1).  

 

CHCl, моль/л
0 1 2 3 4 5

RM,%

0

20

40

60

80

100

Cu (II)
Ni (II)
Co (II)
Fe (III)
Fe (II)

 
Рис. 1. Влияние концентрации HCl на экстракцию 2∙10-4 моль металлов  

о-фенантролином в системе вода – SDS –HCl. 
 

Количественное извлечение никеля (II) и кобальта (II) наблюдается в интервале содержаний 
кислоты 0,5-4,5 моль/л. Медь (II) экстрагируется количественно до концентрации кислоты 2,5 
моль/л, при увеличении содержания HCl в системе образуются осадки. Железо (II) извлекается 
более чем на 95% лишь при минимальной концентрации кислоты. Максимальное извлечение 
железа (III) составило 51%. 

Изучена экстракция фенантролиновых комлексов ионов Co(II), Cu(II), Ni(II) и Fe(II) в системе 
вода – SDS – H2SO4 (рис. 2). На всем изученном интервале кислотности наблюдается 
количественная (>95%) экстракция ионов никеля (II). Медь (II) извлекается количественно до 
содержания кислоты 2,5 моль/л. Железо (II) и кобальт (II) экстрагируются более чем на 90 % до 
концентрации H2SO4 1,0 моль/л. 
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Рис. 2. Влияние концентрации H2SO4 на экстракцию 2∙10-4 моль металлов  

о-фенантролином в системе вода – SDS – H2SO4. 
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ȼ ɩɪɢɫɭɬɫɬɜɢɢ ȻɌȺ ɨɛɥɚɫɬɶ ɞɜɭɯɮɚɡɧɨɝɨ ɠɢɞɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜɨ ɜɫɟɯ ɫɢɫɬɟɦɚɯ. 
Ɏɚɡɚ ɉȺȼ ɜ ɨɬɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɨɤɪɚɲɟɧɚ ɜ ɤɨɪɢɱɧɟɜɵɣ ɰɜɟɬ, ɜɹɡɤɚɹ, ɧɚɯɨɞɢɬɫɹ ɜɧɢɡɭ, ɟё 
ɨɛɴɟɦ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬɵ ɢ ɫɨɫɬɚɜɥɹɟɬ 1,8 ɦɥ; ɜɨɞɧɚɹ ɮɚɡɚ 
ɩɪɨɡɪɚɱɧɚɹ, ɛɟɫɰɜɟɬɧɚɹ; ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ ɱɟɬɤɚɹ.  

ɉɪɢ ɜɜɟɞɟɧɢɢ ȻɂȺ ɜ ɫɢɫɬɟɦɵ ɫ SDS ɜɨɞɧɚɹ ɮɚɡɚ ɛɟɫɰɜɟɬɧɚɹ, ɩɪɨɡɪɚɱɧɚɹ; ɦɟɠɞɭ ɮɚɡɚɦɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɱɟɬɤɚɹ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ. Ɏɚɡɚ ɉȺȼ ɦɭɬɧɚɹ, ɪɨɡɨɜɨɝɨ ɰɜɟɬɚ, ɪɚɫɩɨɥɨɠɟɧɚ ɜɧɢɡɭ, 
ɜɹɡɤɚɹ, ɨɛɴɟɦ ɮɚɡɵ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬɵ ɢ ɫɨɫɬɚɜɥɹɟɬ 4,0 
ɦɥ.  

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɚɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɡɭɱɟɧɧɵɟ ɫɢɫɬɟɦɵ, 
ɫɨɞɟɪɠɚɳɢɟ ɚɧɢɨɧɧɵɣ ɉȺȼ (ɫɭɥɶɮɨɧɨɥ, SDS, ȺȻɋɄ), HCl (ɢɥɢ H2SO4) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɷɤɫɬɪɚɤɰɢɢ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, 
ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɪɟɚɝɟɧɬɵ (Phen, ȻɌȺ) ɨɛɪɚɡɭɸɬ ɫ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ ɨɤɪɚɲɟɧɧɵɟ 
ɤɨɦɩɥɟɤɫɵ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɜɨɡɦɨɠɧɚ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɨ-ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ, ɢɫɤɥɸɱɚɸɳɟɣ ɢɡ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɤɰɢɢ ɩɨɠɚɪɨɨɩɚɫɧɵɟ, ɬɨɤɫɢɱɧɵɟ ɢ ɥɟɝɤɨɥɟɬɭɱɢɟ 
ɨɪɝɚɧɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɢɬɟɥɢ.  
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ɍȾɄ [543.51+543.544.5]:591.145.2:594 

 

ɇɈȼɕɃ ɉɈȾɏɈȾ Ʉ ȺɇȺɅɂɁɍ ɉȺɊȺɅɂɌɂɑȿɋɄɂɏ ɌɈɄɋɂɇɈȼ ɆɈɅɅɘɋɄɈȼ ȼ 
ȻɂɈɅɈȽɂɑȿɋɄɂɏ ɈȻɔȿɄɌȺɏ ɆȿɌɈȾȺɆɂ MALDI ɂ LC/MS 
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ɉɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɚɥɢɬɢɱɟɫɤɢɯ ɬɨɤɫɢɧɨɜ ɦɨɥɥɸɫɤɨɜ (ɧɚ ɩɪɢɦɟɪɟ ɫɚɤɫɢɬɨɤɫɢɧɚ), 

ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɢ ɰɟɥɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɬɜɟɪɞɨɮɚɡɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɧɚ ɚɦɨɪɮɧɨɦ 
ɭɝɥɟɪɨɞɟ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɪɢɜɚɬɢɡɚɰɢɟɣ 2,4-ɞɢɧɢɬɪɨɮɟɧɢɥɝɢɞɪɚɡɢɧɨɦ ɢ ɚɧɚɥɢɡɨɦ ɦɟɬɨɞɚɦɢ MALDI ɢ LC/MS.  

The new method of paralytic shellfish toxins (on the example of saxitoxin) determination is suggested. The method 

consists of saxitoxin’s concentration using solid phase extraction on amorphous carbon, followed by derivatization with 2,4-

dinitrophenylhydrazine and further analysis by MALDI and LC/MS methods. 

 

Ɇɚɫɫɨɜɨɟ ɪɚɡɜɢɬɢɟ ɰɢɚɧɨɛɚɤɬɟɪɢɣ ɜ ɜɨɞɨɟɦɚɯ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɜ ɜɨɞɟ ɬɨɤɫɢɧɨɜ, 
ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɫɚɦɵɦɢ ɨɩɚɫɧɵɦɢ ɹɜɥɹɸɬɫɹ ɧɟɣɪɨɬɪɨɩɧɵɟ ɫɚɤɫɢɬɨɤɫɢɧ (STX) ɢ ɟɝɨ ɚɧɚɥɨɝɢ, 
ɫɨɜɦɟɫɬɧɨ ɧɚɡɜɚɧɧɵɟ ɩɚɪɚɥɢɬɢɱɟɫɤɢɦɢ ɬɨɤɫɢɧɚɦɢ ɦɨɥɥɸɫɤɨɜ (paralytic shellfish toxins, PST). 

Ⱥɧɚɥɢɡ ɩɚɪɚɥɢɬɢɱɟɫɤɢɯ ɬɨɤɫɢɧɨɜ ɦɨɥɥɸɫɤɨɜ ɦɟɬɨɞɚɦɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ ɠɢɞɤɨɫɬɧɨɣ 
ɯɪɨɦɚɬɨɝɪɚɮɢɢ/ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ (LC/MS) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ ɜɫɥɟɞɫɬɜɢɟ 
ɜɵɫɨɤɨɣ ɩɨɥɹɪɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɦɵɯ ɜɟɳɟɫɬɜ, ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɚɧɚɥɨɝɨɜ ɢ ɫɥɨɠɧɨɣ ɦɚɬɪɢɰɵ, 
ɤɨɦɩɨɧɟɧɬɵ ɤɨɬɨɪɨɣ ɦɨɝɭɬ ɩɨɞɚɜɥɹɬɶ ɢɨɧɢɡɚɰɢɸ ɰɟɥɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɧɚɦɢ ɫɯɟɦɚ ɚɧɚɥɢɡɚ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ: ɩɨɥɭɱɟɧɢɟ ɜɨɞɧɨɝɨ 
ɷɤɫɬɪɚɤɬɚ ɩɪɨɛɵ, ɫɨɞɟɪɠɚɳɟɣ PST; ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɢ ɨɱɢɫɬɤɚ ɦɟɬɨɞɨɦ ɬɜɟɪɞɨɮɚɡɧɨɣ 
ɷɤɫɬɪɚɤɰɢɢ (ɌɎɗ); ɞɟɪɢɜɚɬɢɡɚɰɢɹ ɰɟɥɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ 2,4-ɞɢɧɢɬɪɨɮɟɧɢɥɝɢɞɪɚɡɢɧɨɦ (2,4-ȾɇɎȽ); 
ɤɚɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɦɟɬɨɞɨɦ MALDI; ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɬɨɞɨɦ LC/MS. 

ɉɨɥɭɱɟɧɢɟ ɜɨɞɧɨɝɨ ɷɤɫɬɪɚɤɬɚ ɜɵɩɨɥɧɟɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ Lagos et al. [1], 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɤ ɫɭɯɨɣ ɛɢɨɦɚɫɫɟ ɞɨɛɚɜɥɹɥɢ 0,5Ɇ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ 
ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, ɫɭɫɩɟɧɡɢɸ ɨɛɪɚɛɚɬɵɜɚɥɢ ɭɥɶɬɪɚɡɜɭɤɨɦ ɫ ɩɨɦɨɳɶɸ ɡɨɧɞɚ, ɡɚɬɟɦ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɢ ɨɬɛɢɪɚɥɢ ɫɭɩɟɪɧɚɬɚɧɬ. Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɧɟɩɨɥɹɪɧɵɯ ɩɪɢɦɟɫɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɷɤɫɬɪɚɤɰɢɸ ɯɥɨɪɨɮɨɪɦɨɦ. 

ɑɪɟɡɜɵɱɚɣɧɨ ɧɢɡɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ PST ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɢɪɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɢ ɫɥɨɠɧɨɫɬɶ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɱɢɫɬɤɢ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɩɪɨɛ. 
ȼɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɣ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ PST ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɰɟɥɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɵɩɨɥɧɟɧɨ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɪɬɪɢɞɠɟɣ (Supelclean ENVI-Carb Plus), ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ 
ɢɡɜɥɟɱɟɧɢɹ ɜɵɫɨɤɨɩɨɥɹɪɧɵɯ ɜɟɳɟɫɬɜ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. Ɇɟɬɨɞ ɩɪɟɞɥɨɠɟɧ ɜ ɪɚɛɨɬɟ Boundya et 

al. [2] ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧ ɧɚɦɢ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ. Ⱦɥɹ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ 
ɤɚɪɬɪɢɞɠɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɦɟɬɚɧɨɥ ɢ ɞɟɢɨɧɢɡɨɜɚɧɧɭɸ ɜɨɞɭ. ɉɨɫɥɟ ɧɚɧɟɫɟɧɢɹ 
ɩɪɨɛɵ ɩɪɢɦɟɫɢ ɷɥɸɢɪɨɜɚɥɢ ɜɨɞɨɣ, ɚ ɰɟɥɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ – ɪɚɫɬɜɨɪɨɦ ɝɟɩɬɚɮɬɨɪɛɭɬɚɧɨɜɨɣ 
ɤɢɫɥɨɬɵ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ. ɗɥɸɚɬ, ɫɨɞɟɪɠɚɳɢɣ ɰɟɥɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɭɩɚɪɢɜɚɥɢ ɞɨɫɭɯɚ ɧɚ 

ɜɚɤɭɭɦɧɨɣ ɰɟɧɬɪɢɮɭɝɟ ɢ ɫɭɯɨɣ ɨɫɬɚɬɨɤ ɩɟɪɟɪɚɫɬɜɨɪɹɥɢ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ. 
ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɦɟɠɞɭ STX ɢ 2,4-ȾɇɎȽ ɩɨɤɚɡɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ (ɦɟɬɨɞ CBS-QB3). 

ɉɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɪɨɢɡɜɨɞɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ 
STX. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ MALDI/TOF (Bruker UltrafleXtreme) ɚɧɚɥɢɡɚ ɜ ɦɚɫɫ-ɫɩɟɤɬɪɟ 
ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɨɛɧɚɪɭɠɟɧ ɦɨɥɟɤɭɥɹɪɧɵɣ ɢɨɧ [M+H]+ ɫ m/z = 462,16, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɝɢɞɪɚɡɨɧɭ ɫɚɤɫɢɬɨɤɫɢɧɚ. ɋɬɪɭɤɬɭɪɚ ɩɪɨɢɡɜɨɞɧɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ MS2 ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ STX ɜ ɜɢɞɟ ɝɢɞɪɚɡɨɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, 
ɱɟɦ ɩɪɹɦɨɟ ɨɩɪɟɞɟɥɟɧɢɟ (S/N ~ 1000 ɢ ~ 30 ɞɥɹ ɝɢɞɪɚɡɨɧɚ ɢ STX ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 300 ɧɦɨɥɶ/ɥ). 
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ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɪɟɚɤɰɢɢ ɦɟɠɞɭ STX ɢ 2,4-ȾɇɎȽ ɢ ɜɵɛɪɚɧɵ ɭɫɥɨɜɢɹ ɟɟ 
ɩɪɨɜɟɞɟɧɢɹ (ɫɨɨɬɧɨɲɟɧɢɟ ɪɟɚɝɟɧɬɚ ɢ ɫɭɛɫɬɪɚɬɚ, ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ 
ɢɧɬɟɪɜɚɥ pH ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ). Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ STX ɜ ɪɚɫɬɜɨɪɚɯ ɜɵɩɨɥɧɟɧɨ 
ɦɟɬɨɞɨɦ LC/MS-TOF (Agilent 1200 (LC) ɢ Agilent 6210 (MSD)). ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ 

ɨɬɦɟɱɟɧɨ ɭɥɭɱɲɟɧɢɟ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɚɡɨɧɚ STX ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɜɵɫɨɤɨɩɨɥɹɪɧɵɦ ɝɢɞɪɨɮɢɥɶɧɵɦ ɫɚɤɫɢɬɨɤɫɢɧɨɦ (ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɭɞɟɪɠɢɜɚɧɢɹ; 
ɚɫɢɦɦɟɬɪɢɹ ɩɢɤɚ). 

Ɇɟɬɨɞɢɤɚ ɚɩɪɨɛɢɪɨɜɚɧɚ ɧɚ ɷɤɫɬɪɚɤɬɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɰɢɚɧɨɛɚɤɬɟɪɢɚɥɶɧɵɯ ɛɢɨɩɥɟɧɨɤ ɨɡ. 
Ȼɚɣɤɚɥ. Ⱦɥɹ ɚɩɪɨɛɚɰɢɢ ɨɬɨɛɪɚɧɵ ɩɪɨɛɵ, ɩɨɤɚɡɚɜɲɢɟ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɉɐɊ-ɚɧɚɥɢɡ ɧɚ ɧɚɥɢɱɢɟ 
ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ ɫɢɧɬɟɡ PST. ɉɨɤɚɡɚɧɨ ɧɚɥɢɱɢɟ STX ɜ ɪɹɞɟ ɩɪɨɛ: ɑɟɪɬɨɜ Ɇɨɫɬ (ɪɚɣɨɧ ɩ. 
Ȼɨɥɶɲɢɟ Ʉɨɬɵ, ɛɟɧɬɨɫ, 16.06.2016), ɍɯɚɧ (ɦɵɫ ɍɯɚɧ, ɛɟɧɬɨɫ, 8.06.16), Ʌɢɫɬɜɹɧɤɚ (ɪɚɣɨɧ ɩ. 
Ʌɢɫɬɜɹɧɤɚ, ɛɟɧɬɨɫ, 18.06.2016). Ⱦɥɹ ɜɢɞɚ Nostoc Pruniforme ɩɨɞɬɜɟɪɠɞɟɧɚ ɩɪɨɞɭɤɰɢɹ 
ɫɚɤɫɢɬɨɤɫɢɧɚ. 
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Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɥɭɱɟɧɢɟ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɟɧɢɹ ɢ ɢɡɭɱɟɧɢɟ ɢɯ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɪɟɧɬɝɟɧɨɤɨɧɬɪɚɬɫɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɬɨɤɫɢɱɧɨɫɬɶ 
ɰɢɚɧɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɥɢɝɚɧɞɚɦɢ. 
ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

This work aims at synthesis of octahedral rhenium cluster complexes and studying their physicochemical and biological 

properties. In this research, radiocontrast properties and toxicity of cyanide rhenium complexes were studied and new water-

soluble complexes with organic ligands were obtained. All compounds obtained were characterized by a number of 

physicochemical methods. 

 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɯɢɦɢɹ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɟɧɢɹ ɫ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ 
[{Re6Q8}L6]

n (Q = S, Se, Te, L = ɨɪɝɚɧɢɱɟɫɤɢɣ ɢɥɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɣ ɥɢɝɚɧɞ) ɢɧɬɟɧɫɢɜɧɨ 
ɪɚɡɜɢɜɚɟɬɫɹ. Ⱦɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
(ɥɸɦɢɧɟɫɰɟɧɰɢɹ ɜ ɜɢɞɢɦɨɣ ɢ ɛɥɢɠɧɟɣ ɂɄ ɨɛɥɚɫɬɹɯ, ɪɟɧɬɝɟɧɨɤɨɧɬɪɚɫɬɧɨɫɬɶ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ), ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɵɦ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɚɝɟɧɬɵ ɞɥɹ 
ɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɵ. Ɉɞɧɚɤɨ, ɧɚ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɢɡɜɟɫɬɧɨ ɦɚɥɨ ɩɪɢɦɟɪɨɜ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ 
ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɟɧɢɹ. Ɍɚɤɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɧɬɝɟɧɨɤɨɧɬɪɚɫɬɧɵɟ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɦɨɦɟɧɬɚ ɧɟ ɛɵɥɢ ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɵ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɵɥɢ ɢɡɭɱɟɧɵ ɪɟɧɬɝɟɧɨɤɨɧɬɪɚɫɬɧɵɟ ɫɜɨɣɫɬɜɚ 
ɦɟɬɚɥɥɨɤɥɚɫɬɟɪɧɵɯ ɰɢɚɧɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɡɜɟɫɬɧɵɦ ɨɪɝɚɧɢɱɟɫɤɢɦ ɩɪɟɩɚɪɚɬɨɦ. 
Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɨɛɥɚɞɚɟɬ ɤɨɦɩɥɟɤɫ ɫ ɤɥɚɫɬɟɪɧɵɦ ɹɞɪɨɦ {Re6Te8}

2+. 

ɂɫɫɥɟɞɨɜɚɧɢɹ in vivo ɢ in vitro ɬɨɤɫɢɱɧɨɫɬɢ ɞɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ 
Na4[{Re6Te8}(CN)6] ɨɛɥɚɞɚɟɬ ɧɚɢɦɟɧɶɲɟɣ ɬɨɤɫɢɱɧɨɫɬɶɸ. Ɍɚɤɠɟ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɚɧɝɢɨɝɪɚɮɢɢ. Ɉɞɧɚɤɨ, ɤɨɦɩɥɟɤɫ 
Na4[{Re6Te8}(CN)6] ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɨɫɦɨɥɹɪɧɨɫɬɶ, ɱɬɨ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɦɟɞɢɰɢɧɟ. 

ȼɬɨɪɨɣ ɷɬɚɩ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɛɨɥɟɟ ɛɢɨɫɨɜɦɟɫɬɢɦɵɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
ɩɭɬɟɦ ɜɤɥɸɱɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɭ ɬɚɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɥɢɝɚɧɞɨɜ, ɤɚɤ 3,3'-[(3-ɚɦɢɧɨ-3-

ɨɤɫɨɩɪɨɩɢɥ)ɮɨɫɮɚɧɞɢɢɥ]ɞɢɩɪɨɩɢɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (P(CH2CH2COO)2(CH2CH2CONH2)), ɬɪɢɫ-(2-

ɤɚɪɛɨɤɫɢɷɬɢɥ)ɮɨɫɮɢɧ (P(CH2CH2COO)3), 3-(ɞɢɮɟɧɢɥɮɨɫɮɢɧɨ)ɩɪɨɩɢɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 
(Ph2PCH2CH2COOH) ɢ 1,2,3-ɬɪɢɚɡɨɥ (1,2,3-trzH). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
K4[{Re6Q8}(OH)6]·8H2O, ɫɨɞɟɪɠɚɳɢɯ ɥɚɛɢɥɶɧɵɟ ɥɢɝɚɧɞɵ, ɫ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦɢ 
ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɜ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢɥɢ ɜ ɪɚɫɩɥɚɜɟ ɥɢɝɚɧɞɚ ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫɨɫɬɚɜɚ 
Na2H8[{Re6Se8}(P(CH2CH2COO)2(CH2CH2CONH2))6] (ɪɢɫ. 1) (1), 

Na2H14[{Re6Q8}(P(CH2CH2COO)3)6], M4[{Re6Q8}(Ph2PCH2CH2COO)6] ɢ K4[{Re6Q8}(trz)6] (Q = S, 

Se, M = K, Na). ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɢɨɧɚ [{Re6Se8}(P(CH2CH2COO)2(CH2CH2CONH2))6]10– 

 

ȼ ɫɥɭɱɚɟ ɫɨɟɞɢɧɟɧɢɹ (1) ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɫɧɢɠɟɧɢɟ ɬɨɤɫɢɱɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɰɢɚɧɢɞɧɵɦɢ 
ɤɨɦɩɥɟɤɫɚɦɢ ɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɤɨɦɩɥɟɤɫɨɜ 
ɤɚɤ ɚɝɟɧɬɨɜ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɨɦɨɝɪɚɮɢɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɇɎ (ɩɪɨɟɤɬ 15-15-10006). 
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ɍȾɄ 669-1 

 

ɄɊɂɋɌȺɅɅɂɁȺɐɂə ɄɊȿɆɇɂȿȼɕɏ ɎȺɁ ɉɊɂ ȼȼȿȾȿɇɂɂ ɆɈȾɂɎɂɐɂɊɍɘɓȿɃ 
ɋɆȿɋɂ ȼ ɊȺɋɉɅȺȼ ɋɂɅɍɆɂɇȺ 

 

Ʌ.Ⱥ. Ʉɚɡɚɧɰɟɜɚ1, Ɇ.ɉ. Ʉɚɥɚɲɧɢɤɨɜ2, ɂ.Ⱥ. Ʉɭɪɡɢɧɚ1 
1ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 634050, ɝ. Ɍɨɦɫɤ, ɩɪ. Ʌɟɧɢɧɚ, 36. 
2ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 634050, ɝ. Ɍɨɦɫɤ, ɩɪ. Ʌɟɧɢɧɚ, 34. 
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Ɋɚɫɫɦɨɬɪɟɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ Si ɮɚɡ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ ȺɄ7ɱ ɜ 

ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɩɪɢ ɜɜɟɞɟɧɢɢ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɫɦɟɫɢ 0,5 % ɨɤɫɢɞɨɜ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɤɪɢɨɥɢɬɚ + 
0,5 % ɡɚɪɭɛɟɠɧɨɝɨ ɮɥɸɫɚ «Arsal 2120». ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɜɧɨɦɟɪɧɨɦɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɨɛɥɚɫɬɟɣ ɩɨ ɨɛɴɟɦɭ ɦɚɬɟɪɢɚɥɚ, ɭɦɟɧɶɲɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɪɢɫɬɚɥɥɨɜ 
ɜɵɞɟɥɹɟɦɨɝɨ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ β-Si. 

The structural features of the formation of Si phases during the crystallization of the AK7ch alloy in the eutectic region 

when introducing the modifying mixture based on 0.5 % oxides of refractory metals and cryolite + 0,5 % «Arsal 2120» 
foreign flux are considered. It has been established that the introduction of the modifier provide a uniform distribution of the 

eutectic regions over the volume of the material. Decrease in the average crystal size of the eutectic β-Si has been achieved 

after introduction of the modifiers. 

 

ȼɜɟɞɟɧɢɟ. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ, ɫɜɚɪɢɜɚɟɦɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɤɨɪɪɨɡɢɢ, 
ɧɢɡɤɨɣ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, 
ɫɢɥɭɦɢɧɵ ɡɚɧɢɦɚɸɬ ɩɟɪɜɨɟ ɦɟɫɬɨ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɜ ɥɢɬɟɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ [1]. Ɉɞɧɚɤɨ, ɧɚɥɢɱɢɟ 
ɜ ɫɬɪɭɤɬɭɪɟ ɥɢɬɨɝɨ ɫɢɥɭɦɢɧɚ ɫɥɚɛɨ ɪɚɡɜɟɬɜɥёɧɧɵɯ ɞɟɧɞɪɢɬɨɜ -Al, ɨɛɪɚɦɥёɧɧɵɯ ɩɨ ɝɪɚɧɢɰɚɦ 
ɞɟɧɞɪɢɬɧɵɯ ɹɱɟɟɤ ɯɪɭɩɤɨɣ ɫɟɬɤɨɣ ɤɪɭɩɧɵɯ ɷɜɬɟɤɬɢɱɟɫɤɢɯ Si ɤɪɢɫɬɚɥɥɨɜ ɢ ɜɤɥɸɱɟɧɢɣ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ, ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɧɟɜɵɫɨɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɧɢɡɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ 
ɫɢɥɭɦɢɧɨɜ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ Si ɮɚɡɵ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɦɚɬɟɪɢɚɥɚ. Ⱦɨɛɚɜɤɢ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɢɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɚɥɸɦɢɧɢɟɜɵɯ ɢɡɞɟɥɢɣ. ȼɜɟɞɟɧɢɟ ɜ ɪɚɫɩɥɚɜ ɦɨɞɢɮɢɤɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 
ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ. ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ 
ɜɥɢɹɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɫɦɟɫɢ ɧɚ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɫɩɥɚɜɚ ȺɄ7ɱ ɩɪɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ ɜ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɪɚɛɨɬɟ 
ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɦɵɲɥɟɧɧɵɣ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ ɦɚɪɤɢ ȺɄ7ɱ ɫɢɫɬɟɦɵ Al-Si (ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ 
ɩɨ ȽɈɋɌ 1583-93). ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɫɦɟɫɢ (Ɇɋ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɦɟɫɶ ɧɚ ɨɫɧɨɜɟ 0,5 % 
ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ (ɍȾɉ) ɨɤɫɢɞɨɜ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ (TiO2, ZrO2) ɢ ɤɪɢɨɥɢɬɚ 
(Na3AlF6) + 0,5 % ɡɚɪɭɛɟɠɧɨɝɨ ɮɥɸɫɚ «Arsal 2120». ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ Ɇɋ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.  

Ɍɚɛɥɢɰɚ 1 

ɋɨɫɬɚɜ ɢ ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɫɦɟɫɢ 
Ʉɨɥɢɱɟɫɬɜɨ Ɇɋ ɜ 
ɪɚɫɩɥɚɜɟ, ɦɚɫɫ.% 

Ɍɢɩ Ɇɋ ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ Ɇɋ, ɦɚɫɫ. % 

 

 

1 

ɫɦɟɫɶ ɍȾɉ ɨɤɫɢɞɨɜ ɬɭɝɨɩɥɚɜɤɢɯ 
ɦɟɬɚɥɥɨɜ ɢ ɤɪɢɨɥɢɬɚ 

46,5 F; 14,3 O; 11,6 Na; 9,6 Al; 6,7 Zr; 5,8 Ti; 3,3 

K; 2,2 Ca 

ɮɥɸɫ «Arsal 2120» 20,9 O; 20,2 ɋl; 19,8 F; 18,8 Na; 14,4 K; 2,9 S; 

2,3 Si; 0,4 Mg; 0,1 Al; 0,1 Ca; 0,03 Cr; 0,04 Br; 

0,02 Fe; 0,01 P 

 

Ʉɨɧɬɪɨɥɶɧɵɦ ɨɛɪɚɡɰɨɦ ɫɥɭɠɢɥ ɢɫɯɨɞɧɵɣ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɩɥɚɜ ȺɄ7ɱ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ 
ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ Al-Si ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɨɫɜɟɱɢɜɚɸɳɭɸ ɷɥɟɤɬɪɨɧɧɭɸ 
ɦɢɤɪɨɫɤɨɩɢɸ (ɉɗɆ). 

Ɋɟɡɭɥɶɬɚɬɵ. Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬɵ [2], ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɢ ɪɚɫɬɪɨɜɨɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɢɫɯɨɞɧɨɝɨ ɫɩɥɚɜɚ ȺɄ7ɱ ɢ ɫɩɥɚɜɚ ȺɄ7ɱ 
ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɫɦɟɫɢ 0,5 % ɍȾɉ ɨɤɫɢɞɨɜ ɢ ɤɪɢɨɥɢɬɚ + 0,5 % ɡɚɪɭɛɟɠɧɨɝɨ ɮɥɸɫɚ 
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«Arsal 2120» ɜ ɤɨɥɢɱɟɫɬɜɟ 1 ɦɚɫɫ.%, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ α-ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ Al, ɩɨ 
ɤɨɬɨɪɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜɵɞɟɥɟɧɢɹ ȕ-Si ɮɚɡɵ ɢ Fe-ɫɨɞɟɪɠɚɳɢɯ ɮɚɡ -(Al2FeSi) ɢ -(Al5FeSi). 

Ɋɚɧɟɟ ɜ ɪɚɛɨɬɟ [3] ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɯɨɞɧɨɝɨ ɫɩɥɚɜɚ ȺɄ7ɱ 
ɫ ɩɨɦɨɳɶɸ ɉɗɆ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɱɚɫɬɢɰɵ ȕ-Si ɜ ɢɫɯɨɞɧɨɦ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɫɩɥɚɜɟ ȺɄ7ɱ 
ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɜɢɞɟ ɰɟɩɨɱɟɤ. Ʉɨɥɨɧɢɢ ɱɚɫɬɢɰ ȕ-Si ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜɧɭɬɪɢ ɡɟɪɧɚ ɚɥɸɦɢɧɢɹ 
ɯɚɨɬɢɱɟɫɤɢ.  

ȼ ɫɩɥɚɜɟ ȺɄ7ɱ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɜ ɪɚɫɩɥɚɜ ɫɦɟɫɢ 0,5 % ɍȾɉ ɨɤɫɢɞɨɜ ɢ ɤɪɢɨɥɢɬɚ + 0,5 % 

ɡɚɪɭɛɟɠɧɨɝɨ ɮɥɸɫɚ «Arsal 2120» ɩɨ ɞɚɧɧɵɦ ɉɗɆ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɥɢɱɢɟ ɩɥɚɫɬɢɧɱɚɬɵɯ ɱɚɫɬɢɰ ȕ-

Si (ɪɢɫ.1), ɞɥɢɧɚ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɩɨɪɹɞɤɚ 2…10 ɦɤɦ. 
 

 
Ɋɢɫ.1. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɩɥɚɜɚ ȺɄ7ɱ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ Ɇɋ 0,5 % ɍȾɉ  

ɨɤɫɢɞɨɜ ɢ ɤɪɢɨɥɢɬɚ + 0,5 % ɡɚɪɭɛɟɠɧɨɝɨ ɮɥɸɫɚ «Arsal 2120»: ɩɥɚɫɬɢɧɱɚɬɵɟ ɱɚɫɬɢɰɵ  
ȕ-Si (ɫɜɟɬɥɨɩɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɤɚɪɬɢɪɨɜɚɧɢɟ ɭɱɚɫɬɤɚ) 

 

Ɍɚɤɠɟ ɩɨ ɞɚɧɧɵɦ ɉɗɆ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɫɩɥɚɜɟ ȺɄ7ɱ ɨɛɧɚɪɭɠɟɧɨ ɩɪɢɫɭɬɫɬɜɢɟ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ȕ-Si (ɪɢɫ.2). ɑɚɫɬɢɰɵ ɜ ɦɚɬɪɢɰɟ ɚɥɸɦɢɧɢɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɯɚɨɬɢɱɟɫɤɢ. 

 

 
Ɋɢɫ.2. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɩɥɚɜɚ ȺɄ7ɱ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ Ɇɋ 0,5 % ɍȾɉ  

ɨɤɫɢɞɨɜ ɢ ɤɪɢɨɥɢɬɚ + 0,5 % ɡɚɪɭɛɟɠɧɨɝɨ ɮɥɸɫɚ «Arsal 2120»: ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ  
ȕ-Si (ɫɜɟɬɥɨɩɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɤɚɪɬɢɪɨɜɚɧɢɟ ɭɱɚɫɬɤɚ) 

 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɫɦɟɫɢ 0,5 % ɍȾɉ 
ɨɤɫɢɞɨɜ ɢ ɤɪɢɨɥɢɬɚ + 0,5 % ɡɚɪɭɛɟɠɧɨɝɨ ɮɥɸɫɚ «Arsal 2120» ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ȕ-Si 

ɮɚɡɵ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɫɩɥɚɜɚ ȺɄ7ɱ. ɍɫɬɚɧɨɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɜɭɯ ɬɢɩɨɜ ɤɪɢɫɬɚɥɥɨɜ 
ɤɪɟɦɧɢɹ. ɉɥɚɫɬɢɧɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ ɤɪɟɦɧɢɹ ɜɵɞɟɥɹɸɬɫɹ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɜɬɟɤɬɢɱɟɫɤɨɣ 
ɫɦɟɫɢ (α-Al ɢ ȕ-Si). ȼ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɤɪɟɦɧɢɣ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɮɨɪɦɭ ɩɥɚɫɬɢɧ 
ɢɥɢ ɢɝɨɥɶɱɚɬɵɯ ɜɵɞɟɥɟɧɢɣ. Ɇɨɞɢɮɢɰɢɪɭɸɳɚɹ ɫɦɟɫɶ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɭ ɢ 
ɥɨɤɚɥɢɡɚɰɢɸ ɜɵɞɟɥɹɟɦɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ ɤɪɟɦɧɢɹ. 
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ɍȾɄ 543.05 

 

ɉɊɂɆȿɇȿɇɂȿ ɏɊɈɆȺɌɈ-ȾȿɋɈɊȻɐɂɈɇɇɕɏ ɆɂɄɊɈɋɂɋɌȿɆ ȾɅə 

ɈɉɊȿȾȿɅȿɇɂə ȺɐȿɌɈɇȺ ȼ ȼɕȾɕɏȺȿɆɈɆ ȼɈɁȾɍɏȿ 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɛɢɨɦɚɪɤɟɪɨɜ ɜ ɜɵɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ, ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɯɪɨɦɚɬɨ-ɞɟɫɨɪɛɰɢɨɧɧɵɯ ɦɢɤɪɨɫɢɫɬɟɦ (ɏȾɦɋ) ɢɧɴɟɤɰɢɨɧɧɨɝɨ ɬɢɩɚ. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɫɩɨɫɨɛɚ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɨɰɟɞɭɪ ɩɨɤɚɡɚɥ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɏȾɦɋ. 

The results of developing methods increasing accuracy of biomarker quantitative determination in exhaled air are 

shown, it has been achieved by using the injection type of chromato-desorption microsystems. The expediency of using 

chromato-desorption microsystems comparing to standard methods has been shown.  

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɮɢɰɢɚɥɶɧɨɣ ɫɬɚɬɢɫɬɢɤɨɣ ȼɫɟɦɢɪɧɨɣ Ɉɪɝɚɧɢɡɚɰɢɢ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ [1] 
ɱɢɫɥɟɧɧɨɫɬɶ ɥɢɰ, ɛɨɥɶɧɵɯ ɫɚɯɚɪɧɵɦ ɞɢɚɛɟɬɨɦ ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ 422 ɦɢɥɥɢɨɧɨɜ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 
ɫɚɯɚɪɧɵɣ ɞɢɚɛɟɬ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɥɢɱɧɵɦ ɦɟɞɢɰɢɧɫɤɢɦ ɨɫɥɨɠɧɟɧɢɹɦ, ɬɚɤɢɦ ɤɚɤ ɩɨɱɟɱɧɚɹ 
ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ, ɚɦɩɭɬɚɰɢɹ ɤɨɧɟɱɧɨɫɬɟɣ, ɫɥɟɩɨɬɚ, ɢɧɮɚɪɤɬ ɢ ɢɧɫɭɥɶɬ, ɩɨɷɬɨɦɭ ɪɚɧɧɹɹ 
ɞɢɚɝɧɨɫɬɢɤɚ ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

Ⱦɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɦɨɧɢɬɨɪɢɧɝɚ ɫɚɯɚɪɧɨɝɨ ɞɢɚɛɟɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɭɬɢɧɧɵɟ ɥɚɛɨɪɚɬɨɪɧɵɟ 
ɬɟɫɬɵ: ɨɛɧɚɪɭɠɟɧɢɟ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɚɯɚɪɚ ɜ ɤɪɨɜɢ (ɝɢɩɟɪɝɥɢɤɟɦɢɹ) ɢ ɜ ɦɨɱɟ 
(ɝɥɸɤɨɡɭɪɢɹ). ɇɟɞɨɫɬɚɬɤɨɦ ɢɡɜɟɫɬɧɵɯ ɫɩɨɫɨɛɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢ ɢɧɜɚɡɢɜɧɨɫɬɶ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɮɢɡɢɱɟɫɤɨɦɭ ɢ ɷɦɨɰɢɨɧɚɥɶɧɨɦɭ ɞɢɫɤɨɦɮɨɪɬɭ ɩɚɰɢɟɧɬɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɞɧɨɣ ɢɡ 
ɧɚɢɛɨɥɟɟ ɨɫɬɪɵɯ ɩɪɨɛɥɟɦ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɞɢɰɢɧɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɟɢɧɜɚɡɢɜɧɵɯ ɦɟɬɨɞɨɜ 
ɨɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɹ ɝɥɸɤɨɡɵ ɜ ɤɪɨɜɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɛɨɥɶɧɵɯ ɫɚɯɚɪɧɵɦ ɞɢɚɛɟɬɨɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɢɡɭɱɚɟɬɫɹ ɫɨɫɬɚɜ ɜɵɞɵɯɚɟɦɨɝɨ ɜɨɡɞɭɯɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɟɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɪɚɧɧɟɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɦɨɧɢɬɨɪɢɧɝɚ ɛɨɥɟɡɧɟɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ 
ɡɚɬɪɚɬɵ ɧɚ ɦɟɞɢɰɢɧɫɤɭɸ ɞɢɚɝɧɨɫɬɢɤɭ ɢ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɠɢɡɧɢ ɩɚɰɢɟɧɬɨɜ. ȼɵɞɵɯɚɟɦɵɣ 
ɜɨɡɞɭɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ ɝɚɡɨɜɭɸ ɫɦɟɫɶ, ɜ ɤɨɬɨɪɨɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɛɨɥɟɟ 
800 ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɤɨɥɨ 20 ɢɡ ɧɢɯ ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɢɡɦɟɧɟɧɢɸ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɡɞɨɪɨɜɶɹ, ɨɧɢ ɭɠɟ ɫɟɝɨɞɧɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɢɤɬɨɪɚɦɢ ɧɟɤɨɬɨɪɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. 
ɇɚɩɪɢɦɟɪ, ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [2-3] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɰɟɬɨɧɚ ɜ ɜɵɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ 
ɫɜɹɡɚɧɚ ɫ ɭɪɨɜɧɟɦ ɝɥɸɤɨɡɵ ɜ ɤɪɨɜɢ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɰɟɬɨɧɚ ɜ 
ɤɚɱɟɫɬɜɟ ɛɢɨɦɚɪɤɟɪɚ ɫɚɯɚɪɧɨɝɨ ɞɢɚɛɟɬɚ. ɉɪɢ ɷɬɨɦ ɪɚɡɜɢɬɢɟ ɧɟɢɧɜɚɡɢɜɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 

ɫɞɟɪɠɢɜɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɢɤɪɨɤɨɥɢɱɟɫɬɜ ɚɰɟɬɨɧɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɜɵɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ. Ɉɞɧɢɦ ɢɡ ɥɢɦɢɬɢɪɭɸɳɢɯ 
ɮɚɤɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɬɨɱɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɛɢɨɦɚɪɤɟɪɨɜ ɜ 
ɜɵɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ, ɹɜɥɹɟɬɫɹ ɚɞɟɤɜɚɬɧɵɣ ɩɪɨɛɨɨɬɛɨɪ ɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɚ, ɢɫɤɥɸɱɚɸɳɢɟ 
ɜɧɟɫɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɢɦɟɫɟɣ. 

ɐɟɥɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ - ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ ɢ ɫɪɟɞɫɬɜ ɞɥɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɚɰɟɬɨɧɚ ɜ ɜɵɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɯɪɨɦɚɬɨ-ɞɟɫɨɪɛɰɢɨɧɧɵɟ ɦɢɤɪɨɫɢɫɬɟɦɵ 
(ɏȾɦɋ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɦɟɞɢɰɢɧɫɤɢɟ ɢɝɥɵ ɞɥɢɧɨɣ 40 ɦɦ ɢ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 0,5 
ɦɦ, ɡɚɩɨɥɧɟɧɧɵɟ ɫɨɪɛɟɧɬɨɦ ɫ ɢɡɜɟɫɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɧɚɥɢɬɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɧɨ-

ɫɥɨɣɧɵɟ ɫɨɪɛɟɧɬɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɫɨɪɛɰɢɨɧɧɨ-ɚɤɬɢɜɧɵɦɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɥɹɦɢ, 

ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɶɸ, ɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɶɸ ɢ ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɩɪɨɰɟɫɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɩɪɨɛɵ ɫ ɩɪɹɦɨɣ ɬɟɪɦɢɱɟɫɤɨɣ 
ɞɟɫɨɪɛɰɢɟɣ ɩɪɢɦɟɫɟɣ ɞɥɹ ɩɟɪɟɜɨɞɚ ɢɯ ɜ ɝɚɡɨɜɵɣ ɯɪɨɦɚɬɨɝɪɚɮ, ɫɨɤɪɚɳɚɹ ɬɟɦ ɫɚɦɵɦ ɜɪɟɦɹ, 
ɭɜɟɥɢɱɢɜɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɚɧɚɥɢɡɚ [4]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɡɭɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɨɪɛɟɧɬɨɜ ɬɚɤɨɝɨ ɬɢɩɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɯɪɨɦɚɬɨ-ɞɟɫɨɪɛɰɢɨɧɧɵɯ 
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ɦɢɤɪɨɫɢɫɬɟɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜɚ 
ɚɰɟɬɨɧɚ.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɭɱɟɧɵ ɫɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɵ ɢ ɩɪɢёɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɥɟɬɭɱɢɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɩɪɢɦɟɪɟ ɚɰɟɬɨɧɚ ɜ ɜɨɡɞɭɲɧɵɯ ɫɪɟɞɚɯ ɢ ɪɚɡɪɚɛɨɬɚɧɵ 
ɦɢɤɪɨɚɧɚɥɢɬɢɱɟɫɤɢɟ ɯɪɨɦɚɬɨ-ɞɟɫɨɪɛɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɞɢɫɤɪɟɬɧɨɦ 
ɞɨɡɢɪɨɜɚɧɢɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ ɧɨɪɦɢɪɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɰɟɬɨɧɚ, ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɏȾɦɋ 
ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 6 ɰɢɤɥɨɜ. ɉɪɢ ɷɬɨɦ ɜɨɡɨɛɧɨɜɥɹɟɦɵɣ ɪɟɫɭɪɫ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɢɥ ɧɟ ɦɟɧɟɟ 4 
ɰɢɤɥɨɜ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɢɤɪɨɚɧɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɛɥɚɞɚɟɬ 
ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ, ɝɥɚɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɩɪɨɫɬɨɬɚ ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ, 
ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɷɤɫɩɪɟɫɫɧɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɚɧɚɥɢɡɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ (ɩɪɨɟɤɬ 
№4.6875.2017/Ȼɑ). 
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Ɇɟɬɨɞɚɦɢ ɩɨɬɟɧɰɢɨɦɟɬɪɢɢ, ɩɨɥɹɪɨɝɪɚɮɢɢ ɢ ɬɨɧɤɨɫɥɨɣɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢɡɭɱɟɧ ɫɨɫɬɚɜ ɜɨɞɧɨɣ ɜɵɬɹɠɤɢ ɢɡ 

ɝɭɛɤɢ ɥɢɫɬɜɟɧɧɢɱɧɨɣ (Laricis fungus). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɨɫɬɚɜ ɜɯɨɞɹɬ ɹɧɬɚɪɧɚɹ, ɥɢɦɨɧɧɚɹ, ɚɝɚɪɢɰɢɧɨɜɚɹ ɤɢɫɥɨɬɵ ɢ 
ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ.  

Potentiometry, polarography and thin-layer chromatography methods were used to study the composition of aqueous 

extract from a sponge larch (Laricis fungus). It is shown that the composition includes succinic, citric, agaric acids and 

dihydroquercetin. 

 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɭɬɟɣ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ 
ɧɨɜɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɪɟɞɢ ɩɪɢɪɨɞɧɵɯ ɨɛɴɟɤɬɨɜ. Ʉ ɱɢɫɥɭ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ 
ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɥɢɫɬɜɟɧɧɢɱɧɭɸ ɝɭɛɤɭ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɧɚɡɜɚɧɢɣ: ɬɪɭɬɨɜɢɤ 
ɥɢɫɬɜɟɧɧɢɱɧɵɣ (ɝɚɪɢɤ, ɛɟɥɵɣ ɬɪɭɬ, ɚɝɚɪɢɤɭɫ ɢ ɞɪ.). Ʌɚɬɢɧɫɤɨɟ ɧɚɡɜɚɧɢɟ – Laricis fungus. Ƚɪɢɛ 
ɩɚɪɚɡɢɬɢɪɭɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɥɢɫɬɜɟɧɧɢɰɟ, ɨɛɪɚɡɭɹ ɧɚ ɟɟ ɫɬɜɨɥɚɯ ɤɪɭɩɧɵɟ «ɩɥɨɞɨɜɵɟ» ɬɟɥɚ, 
ɱɪɟɡɜɵɱɚɣɧɨ ɝɨɪɶɤɚɹ ɦɹɤɨɬɶ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɟɬ ɥɟɤɚɪɫɬɜɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɉɫɧɨɜɧɵɦ 
ɞɟɣɫɬɜɭɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɥɢɫɬɜɟɧɧɢɱɧɨɣ ɝɭɛɤɢ ɹɜɥɹɟɬɫɹ ɚɝɚɪɢɰɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (α-ɰɟɬɢɥɥɢɦɨɧɧɚɹ 
ɤɢɫɥɨɬɚ, ȺɄ), ɨɛɥɚɞɚɸɳɚɹ ɫɥɚɛɢɬɟɥɶɧɵɦ, ɤɪɨɜɨɨɫɬɚɧɚɜɥɢɜɚɸɳɢɦ ɞɟɣɫɬɜɢɟɦ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [1] 
ɨɬɦɟɱɚɸɬ, ɱɬɨ ɚɝɚɪɢɰɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɭɝɧɟɬɚɟɬ ɤɥɟɬɨɱɧɨɟ ɞɵɯɚɧɢɟ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɰɟɧɧɨ ɩɪɢ 
ɪɚɤɨɜɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹɯ. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɤɢ ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ ɚɝɚɪɢɰɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 
ɢɡ ɩɥɨɞɨɜɨɝɨ ɬɟɥɚ ɬɪɭɬɨɜɢɤɚ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ. Ⱦɥɹ ɷɤɫɬɪɚɤɰɢɢ ɩɪɟɞɥɨɠɟɧ ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ [2].  

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɨɪɝɚɧɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɥɢɫɬɜɟɧɧɢɱɧɨɣ ɝɭɛɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɱɟɧɶ 
ɫɥɨɠɧɭɸ ɫɦɟɫɶ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɥɚɞɚɸɳɢɯ ɪɚɡɥɢɱɧɨɣ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ ɢ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ ɛɭɞɭɬ ɩɨɥɭɱɚɬɶɫɹ 
ɷɤɫɬɪɚɤɬɵ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ ɫɨɫɬɚɜɭ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɦ ɛɵɥ ɩɪɟɞɨɫɬɚɜɥɟɧ ɜɵɫɭɲɟɧɧɵɣ 
ɨɛɪɚɡɟɰ, ɩɨɥɭɱɟɧɧɵɣ ɷɤɫɬɪɚɤɰɢɟɣ ɜɨɞɨɣ ɢɡ ɢɡɦɟɥɶɱɟɧɧɨɣ ɝɭɛɤɢ ɥɢɫɬɜɟɧɧɢɱɧɨɣ, ɜɵɯɨɞ ɫɨɫɬɚɜɢɥ 
5,4%. ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɚɝɚɪɢɰɢɧɨɜɚɹ ɤɢɫɥɨɬɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɷɬɨ ɜɨɞɧɵɣ ɷɤɫɬɪɚɤɬ, ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ ɩɥɨɯɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɟ ɢ 
ɥɭɱɲɟ ɜ ɫɩɢɪɬɟ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɚ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞ ɬɨɧɤɨɫɥɨɣɧɨɣ 
ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɣ ɢ ɩɨɥɹɪɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞɵ. 

ȼ ɦɟɬɨɞɟ ɬɨɧɤɨɫɥɨɣɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɡɥɢɱɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ: 

1. ɋɦɟɫɶ ɧ-ɛɭɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ, ɦɭɪɚɜɶɢɧɨɣ ɤɢɫɥɨɬɵ, ɜɨɞɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 4:1:5; ɩɪɨɹɜɢɬɟɥɶ -

0,05% ɪɚɫɬɜɨɪ ɛɪɨɦɮɟɧɨɥɨɜɨɝɨ ɫɢɧɟɝɨ ɜ 96% ɫɩɢɪɬɟ-ɪɟɤɬɢɮɢɤɚɬɟ.  
Ɋɚɫɬɜɨɪɵ ɫɜɢɞɟɬɟɥɟɣ: ɹɛɥɨɱɧɚɹ, ɹɧɬɚɪɧɚɹ, ɥɢɦɨɧɧɚɹ ɤɢɫɥɨɬɵ ɢ ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ. 

2. ɏɥɨɪɨɮɨɪɦ : ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ : ɜɨɞɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 13:2,5:1. ɉɹɬɧɚ ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɜ ɍɎ-ɫɜɟɬɟ 
ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 365 ɧɦ.  

ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɫɬɢɧɤɢ «ɋɨɪɛɮɢɥ». ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɨɫɬɚɜ ɨɛɪɚɡɰɚ ɜɯɨɞɢɬ ɹɧɬɚɪɧɚɹ, ɥɢɦɨɧɧɚɹ, ɚɝɚɪɢɰɢɧɨɜɚɹ ɤɢɫɥɨɬɵ ɢ 
ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ȾɄȼ ɩɪɢɦɟɧɢɥɢ ɦɟɬɨɞ ɩɨɥɹɪɨɝɪɚɮɢɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ.  Ɋɚɛɨɱɢɣ ɷɥɟɤɬɪɨɞ 

– ɪɬɭɬɧɵɣ ɤɚɩɚɸɳɢɣ, ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹ –  ɯɥɨɪɫɟɪɟɛɪɹɧɵɣ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ - 

ɩɥɚɬɢɧɨɜɵɣ. Ɏɨɧɨɜɵɣ ɷɥɟɤɬɪɨɥɢɬ – 0,07 Ɇ ɮɨɫɮɚɬɧɵɣ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ (ɪɇ 3,0). ɍɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ȾɄȼ ɜ ɩɪɨɛɟ ɫɨɫɬɚɜɥɹɟɬ 23,7%. ȼ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɧɟɬ ɫɜɟɞɟɧɢɣ ɨ 
ɧɚɥɢɱɢɢ ȾɄȼ ɞɚɠɟ ɜ ɫɩɢɪɬɨɜɨɣ ɜɵɬɹɠɤɟ ɢɡ ɝɭɛɤɢ ɥɢɫɬɜɟɧɧɢɱɧɨɣ.  

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ȺɄ ɩɪɨɜɨɞɢɥɢ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. ɂɧɞɢɤɚɬɨɪɧɵɣ 
ɷɥɟɤɬɪɨɞ – ɫɬɟɤɥɹɧɧɵɣ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ – ɯɥɨɪɢɞɫɟɪɟɛɪɹɧɵɣ ɷɥɟɤɬɪɨɞ, ɡɚɩɨɥɧɟɧɧɵɣ 
ɧɚɫɵɳɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɤɚɥɢɹ. Ɍɢɬɪɚɧɬ - 0,05 Ɇ ɫɩɢɪɬɨɜɵɣ ɪɚɫɬɜɨɪ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɢɹ 
[3]. Ɉɛɴɟɦ ɬɢɬɪɚɧɬɚ, ɩɨɲɟɞɲɢɣ ɧɚ ɬɢɬɪɨɜɚɧɢɟ, ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɤɪɢɜɵɦ 
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ɬɢɬɪɨɜɚɧɢɹ. ȼ ɩɪɨɛɟ, ɪɚɫɬɜɨɪɟɧɧɨɣ ɜ ɜɨɞɟ, ɫɨɞɟɪɠɚɧɢɟ ȺɄ ɫɨɫɬɚɜɥɹɟɬ 11,6%, ɚ ɜ ɫɩɢɪɬɨɜɨɦ 
ɪɚɫɬɜɨɪɟ - 34,5%. Ɍɚɤɚɹ ɪɚɡɧɢɰɚ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɥɢɱɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɤɢɫɥɨɬɵ ɜ ɜɨɞɟ ɢ ɫɩɢɪɬɟ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. ɉɚɬɟɧɬ №2257222 ɊɎ. Ʉɨɦɩɥɟɤɫɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɝɪɢɛɚ ɬɪɭɬɨɜɢɤɚ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ (Fomitopsis officinalis 

(Vill.:Fr.) Bond/et Sing.) / ȼ.Ɇ. ɍɲɚɧɨɜɚ, ɍ.ɋ. Ɉɨɪɠɚɤ, ȼ.ɂ. Ʉɚɧɡɚɣ / Ɉɩɭɛɥ. 27.07.04. 10 ɫ. 
2. ɉɚɬɟɧɬ №2330676 ɊɎ. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɚɝɚɪɢɰɢɧɨɜɨɣ ɤɢɫɥɨɬɵ / Ⱥ.ɘ. Ⱥɣɪɚɩɟɬɨɜɚ, ɉ.Ⱥ. ɐɭɤɚɧɨɜɚ, Ɇ.ȼ. 

Ƚɚɜɪɢɥɢɧ, Ɍ.Ⱥ. ɒɚɬɚɥɨɜɚ / Ɉɩɭɛɥ. 10.08.08. 8 ɫ. 
3. Ɇɟɡɟɧɨɜɚ Ɍ.Ⱦ., Ⱦɦɢɬɪɢɟɜ Ⱥ.Ȼ., Ⱥɣɪɚɩɟɬɨɜɚ Ⱥ.ɘ., Ƚɚɜɪɢɥɢɧ  Ɇ.ȼ. Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɚɝɚɪɢɰɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ.// ɏɢɦɢɹ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ. –2009.– №3. –ɋ. 177–178. 
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ɍȾɄ 543.554.4 

ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɋɍɅɖɎɈɇȺɆɂȾɈȼ ȼ ȺɉɊɈɌɈɇɇɈɆ ȾɂɉɈɅəɊɇɈɆ 
ɊȺɋɌȼɈɊɂɌȿɅȿ ȾɂɆȿɌɂɅɋɍɅɖɎɈɄɋɂȾȿ 

Ɉ.ȼ. Ʉɥɨɨɫ1, Ƚ.Ȼ. ɇɟɞɜɟɰɤɚɹ1, ɘ.Ⱥ. Ⱥɣɡɢɧɚ2,3  
1 ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ʌɟɪɦɨɧɬɨɜɚ, 126. 
2 ɂɪɤɭɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɯɢɦɢɢ ɢɦ. Ⱥ. ȿ. Ɏɚɜɨɪɫɤɨɝɨ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ɏɚɜɨɪɫɤɨɝɨ, 1.  
3 ɂɪɤɭɬɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664074, ɂɪɤɭɬɫɤ, ɭɥ. Ʌɟɪɦɨɧɬɨɜɚ, 83. 
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Ɉɩɬɢɦɢɡɢɪɨɜɚɧ ɦɟɬɨɞ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɫɭɥɶɮɨɧɚɦɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 
ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ. ɉɨɥɭɱɟɧɵ ɝɥɢɰɢɧɵ. ɂɡɭɱɟɧɚ NH-ɤɢɫɥɨɬɧɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. 

The method for the alkylation of aromatic compounds has been optimized. Sulfonamide compounds have been 

synthesized by the developed method. Glycines were obtained. The NH-acidity of the synthesized compounds was studied by 

the potentiometric method.  

ɋɭɥɶɮɨɧɚɦɢɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɵɣ ɤɥɚɫɫ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ ɢ ɦɟɞɢɰɢɧɟ [1, 2]. Ɋɟɚɤɰɢɨɧɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɩɟɤɬɪ ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɫɜɨɣɫɬɜ ɫɭɥɶɮɨɧɚɦɢɞɨɜ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ 
NH–ɤɢɫɥɨɬɧɨɫɬɶɸ (ɪɄȺ). Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɨɞɧɨɝɨ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɯ ɮɚɪɦɚɤɨɮɨɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɨɜ 
ɋ-ɚɦɢɞɨɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɦɢɧɚɦɢ ɫɭɥɶɮɨɧɨɜɵɯ ɤɢɫɥɨɬ (ɫɭɥɶɮɨɧɢɥɢɦɢɧɨɜ) ɡɚ ɫɱɟɬ ɩɨɞɛɨɪɚ 
ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ (ɤɚɬɚɥɢɡɚɬɨɪɚ, ɜɪɟɦɟɧɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ, ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ, 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɪ.). ɋ ɰɟɥɶɸ ɨɩɬɢɦɢɡɚɰɢɢ ɦɟɬɨɞɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
ɢɦɢɧɚɦɢ, ɧɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɟ [3, 4] 4-ɯɥɨɪ-N-[2,2,2-

ɬɪɢɯɥɨɪɷɬɢɥɢɞɟɧ]ɛɟɧɡɨɥɫɭɥɶɮɨɧɚɦɢɞ ɢ ɜɨɜɥɟɱɟɧ ɜ ɩɪɨɰɟɫɫ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ. ȼ 
ɷɤɫɩɟɪɢɦɟɧɬɟ ɜɚɪɶɢɪɨɜɚɥɢ: ɨɛɴɟɦ ɬɪɢɯɥɨɪɷɬɢɥɟɧɚ ɢ ɛɟɧɡɨɥɚ, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɤ ɨɤɫɢɞɭ ɮɨɫɮɨɪɚ (ɤɚɬɚɥɢɡɚɬɨɪ), ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɜɵɯɨɞɨɜ ɩɪɨɞɭɤɬɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ (ɞɨ 85%) ɭɞɚɟɬɫɹ ɞɨɫɬɢɱɶ ɡɚ 5 ɱɚɫɨɜ ɩɪɢ 
ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ (2:0,5) ɝ, ɜ ɨɛɴɟɦɚɯ ɬɪɢɯɥɨɪɷɬɢɥɟɧɚ (20 ɦɥ) ɢ ɛɟɧɡɨɥɚ (3 
ɦɥ). 

ȼ ɜɵɛɪɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɪɨɞɭɤɬɵ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ, ɬɨɥɭɨɥɚ, 
ɮɟɧɨɥɚ, ɤɪɟɡɨɥɚ, ɬɢɨɮɟɧɚ ɢ 2,5–ɞɢɯɥɨɪɬɢɨɮɟɧɚ (ɪɢɫ.1.). ɉɪɢ ɷɬɨɦ ɢɡɨɦɟɪɵ ɩɪɨɞɭɤɬɨɜ ɧɟ 
ɜɵɹɜɥɟɧɵ. 

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɧɬɟɡɚ ɫɭɥɶɮɨɧɚɦɢɞɨɜ 
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ɂɡɜɟɫɬɧɨ [5], ɱɬɨ ɳɟɥɨɱɧɨɣ ɝɢɞɪɨɥɢɡ ɩɪɨɞɭɤɬɨɜ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɩɨ 
ɬɪɢɯɥɨɪɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɟ ɢ ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɵɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ N-ɚɪɢɥɫɭɥɶɮɨɧɢɥ-α-

(ɚɪɢɥ)ɝɥɢɰɢɧɨɜ. ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɪɹɞɚ ɚɪɢɥɝɥɢɰɢɧɨɜ ɩɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɜ 
ɷɬɢɯ ɭɫɥɨɜɢɹɯ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɞɭɤɬɵ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɬɨɥɭɨɥɚ, ɬɢɨɮɟɧɚ ɢ 2,5-ɞɢɯɥɨɪɬɢɨɮɟɧɚ 
ɩɪɢ ɞɟɣɫɬɜɢɢ ɜɨɞɧɨɣ ɳёɥɨɱɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɢɞɪɨɥɢɡɭ ɫɟɥɟɤɬɢɜɧɨ ɩɨ ɬɪɢɯɥɨɪɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɟ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɥɟɣ N-ɚɪɢɥɫɭɥɶɮɨɧɢɥ-α-(ɬɨɥɢɥ, ɬɢɟɧɢɥ)ɝɥɢɰɢɧɨɜ (ɪɢɫ.2.).  

 

 
R=C6H4CH3, ɬɢɟɧɢɥ, 2, 5-ɞɢɯɥɨɪɬɢɟɧɢɥ 

 

Ɋɢɫ.2. ɋɯɟɦɚ ɳɟɥɨɱɧɨɝɨ ɝɢɞɪɨɥɢɡɚ 
 

ɇɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɰɟɫɫ ɝɢɞɪɨɥɢɡɚ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɞɨ 
50-60 ɨɋ, ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 5 ɱ. ɉɨɫɥɟ ɩɨɞɤɢɫɥɟɧɢɹ ɨɛɪɚɡɭɸɳɟɝɨɫɹ 
ɳɟɥɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ ɭɞɚɟɬɫɹ ɜɵɞɟɥɢɬɶ ɫ ɜɵɯɨɞɨɦ ɞɨ 50% ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɥɢɰɢɧɵ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɢɧɬɟɪɟɫ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɚɧɚɥɨɝɢɱɧɵɟ 

N-ɫɭɥɶɮɨɧɢɥɡɚɦɟɳɟɧɧɵɦ α-ɚɪɢɥɝɥɢɰɢɧɚɦ [4].  
ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨɤɚɡɚɧɚ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ əɆɊ-, ɂɄ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɫɨɫɬɚɜ ɩɨɞɬɜɟɪɠɞɟɧ ɞɚɧɧɵɦɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. 
Ʉɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɧɨɜɵɯ ɫɭɥɶɮɨɧɚɦɢɞɨɜ (NH–ɤɢɫɥɨɬɧɨɫɬɶ) ɢ ɝɥɢɰɢɧɨɜ (NH–

ɤɢɫɥɨɬɧɨɫɬɶ, COOH–ɤɢɫɥɨɬɧɨɫɬɶ) ɢɡɭɱɟɧɵ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɜ ɫɪɟɞɟ ɨɫɧɨɜɧɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ – ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɚ [6]. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɫɬɚɧɬ ɞɢɫɫɨɰɢɚɰɢɢ (ɪɄȺ) ɢɫɫɥɟɞɭɟɦɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɜɵɩɨɥɧɹɥɢ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚ pH–ɦɟɬɪɟ – ɢɨɧɨɦɟɪɟ «ɗɤɫɩɟɪɬ–001». 
Ʉɨɧɫɬɚɧɬɵ ɞɢɫɫɨɰɢɚɰɢɢ ɜɟɳɟɫɬɜ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɦɟɬɨɞɭ Ƚɟɧɞɟɪɫɨɧɚ. ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɚ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɟɧɡɨɣɧɭɸ ɤɢɫɥɨɬɭ (ɪɄȺ (ȾɆɋɈ)=11.0). 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɞɢɫɫɨɰɢɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɪɟɞɟ ȾɆɋɈ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. Ɂɞɟɫɶ ɠɟ ɩɪɢɜɟɞɟɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ; ɢɯ ɩɨɬɟɧɰɢɚɥɵ 
ɩɨɥɭɧɟɣɬɪɚɥɢɡɚɰɢɢ (ȿ½); ɜɵɫɨɬɚ ɫɤɚɱɤɚ ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɤɪɢɜɵɯ ɬɢɬɪɨɜɚɧɢɹ (ΔE); ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɜɚɪɢɚɰɢɢ (V). 

Ɍɚɛɥɢɰɚ 1 

Ʉɨɧɫɬɚɧɬɵ ɞɢɫɫɨɰɢɚɰɢɢ ɫɭɥɶɮɨɧɚɦɢɞɨɜ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ ȾɆɋɈ (n=3, ɪ=0.95, t=4.30) 
№ ȼɟɳɟɫɬɜɨ ȿ½, mB 

 

ΔE, mB 

 
ɪɄȺ±ΔɪɄA V, % 

1 
Cl SO2 NH CH CCl3

 
-263 123 10,7±0,04 0,2 

2 
Cl SO2 NH CH CCl3

CH3  
-332 132 11,89±0,15 0,5 

3 
Cl SO2 NH CH CCl3

OH  
-330 87 11,85±0,09 0,3 

4 

 

Cl SO2 NH CH CCl3

OH

OH  

I        +45 

II      -195 

III     -345 

213 

133 

70 

5,45±0,12 

8,63±0,06 

10,07±0,06 

1,7 

0,6 

0,5 

5 
S

Cl SO2 NH CH CCl3

 
-304 165 11,41±0,07 0,2 

6 
Cl SO2 NH CH CCl3

S
Cl Cl  

-288 178 10,89±0,15 0,6 

7 
Cl SO2 NH CH COOH

CH3  

I      -115 

II     -340 

165 

120 

8,12±0,06 

11,93±0,01 

0,5 

0,6 

8 
S

Cl SO2 NH CH COOH

 
I      -140 

II     -315 

113 

178 

8,63±0,15 

11,51±0,08 

1,7 

0,7 

 
9 

Cl SO2 NH CH COOH

S
Cl Cl  

-253 185 10,47±0,10 1,0 
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Ɉɩɪɟɞɟɥɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɤɨɧɫɬɚɧɬ ɞɢɫɫɨɰɢɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ 
ɜɧɭɬɪɢɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɟɰɢɡɢɨɧɧɨɫɬɶɸ, ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɤɨɥɟɛɥɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0.2– 1.7%. 

ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɥɶɮɨɧɚɦɢɞɨɜ ɜ 
ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɟ. ɉɪɚɜɢɥɶɧɨɫɬɶ ɨɰɟɧɟɧɚ ɦɟɬɨɞɨɦ «ɜɜɟɞɟɧɨ-ɧɚɣɞɟɧɨ». 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɦɚɥɨɩɨɥɹɪɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɥɶɮɢɞɨɜ ɦɟɬɨɞɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɨɧɢɡɚɰɢɟɣ 

ɷɥɟɤɬɪɨɪɚɫɩɵɥɟɧɢɟɦ (ɂɗɊ) ɩɪɟɞɥɨɠɟɧɨ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɜ ɞɢɫɭɥɶɮɨɧɢɟɜɵɟ ɫɨɥɢ. ȼɨɡɦɨɠɧɨɫɬɢ 
ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɨɥɨɝɢɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɧɚ ɩɪɢɦɟɪɟ ɪɚɡɥɢɱɧɵɯ ɬɢɚɰɢɤɥɚɧɨɜ ɢ ɢɯ ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ 
ɚɧɚɥɨɝɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɚɥɤɢɥɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɡɥɢɱɧɵɟ α,ω-ɞɢɛɪɨɦɚɥɤɚɧɵ ɢ ɞɢɛɪɨɦɤɫɢɥɟɧɵ. 
ɉɨɥɭɱɟɧɧɵɟ ɞɢɫɭɥɶɮɨɧɢɟɜɵɟ ɫɨɥɢ ɪɚɧɟɟ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɧɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ. ȼɥɢɹɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɞɢɫɭɥɶɮɨɧɢɟɜɵɯ ɤɚɬɢɨɧɨɜ ɧɚ ɯɚɪɚɤɬɟɪ ɢɯ ɮɪɚɝɦɟɧɬɚɰɢɢ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɫɨɭɞɚɪɟɧɢɟɦ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɨ ɫ ɰɟɥɶɸ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɨɦɟɪɨɜ. 

Preliminary conversion of nonpolar organic sulfides into disulfonium salts was proposed for their study and analysis by 

electrospray/ionization (ESI) mass spectrometry. General possibilities of the suggested methodology were demonstrated on 

examples of different thiacyclanes and their alkyl-substituted analogues. Various α,ω-dibromoalkanes and dibromoxylenes 

were tested as alkylating agents. The disulfonium salts obtained were not previously studied by any mass spectrometric 

method. The effect of the disulfonium dications structure on their collision-induced fragmentation can be used for the 

differentiation of regioisomers. 

 

Ɇɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɢɨɧɢɡɚɰɢɢ ɷɥɟɤɬɪɨɪɚɫɩɵɥɟɧɢɟɦ (ɂɗɊ), ɤɚɤ ɩɪɚɜɢɥɨ, 
ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɥɹɪɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. Oɞɧɚɤɨ ɩɪɨɜɨɞɹɬɫɹ ɨɛɲɢɪɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢ ɞɥɹ ɚɧɚɥɢɡɚ ɧɟɩɨɥɹɪɧɵɯ ɢ ɦɚɥɨɩɨɥɹɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. Ɉɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɬɚɤɢɯ ɚɧɚɥɢɬɨɜ 
ɜɤɥɸɱɚɟɬ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɯɢɦɢɱɟɫɤɭɸ ɦɨɞɢɮɢɤɚɰɢɸ, ɩɪɢɱɟɦ ɨɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɵɦ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɟɬɨɞ ɞɟɪɢɜɚɬɢɡɚɰɢɢ ɫ ɜɜɟɞɟɧɢɟɦ ɮɪɚɝɦɟɧɬɚ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɡɚɪɹɞɨɦ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɮɨɪɦɢɪɭɸɬɫɹ ɫɨɥɟɨɛɪɚɡɧɵɟ ɩɪɨɞɭɤɬɵ, ɨɛɥɚɞɚɸɳɢɟ ɩɨɧɢɠɟɧɧɨɣ ɥɟɬɭɱɟɫɬɶɸ, ɧɨ, ɜ ɬɨ 
ɠɟ ɜɪɟɦɹ, ɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɞɟɫɨɪɛɰɢɢ ɢɨɧɨɜ ɡɚ ɫɱɟɬ ɭɠɟ ɡɚɝɨɬɨɜɥɟɧɧɨɝɨ ɡɚɪɹɠɟɧɧɨɝɨ 
ɮɪɚɝɦɟɧɬɚ. ȼ ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ S-ɚɥɤɢɥɢɪɨɜɚɧɢɹ 
ɞɢɛɪɨɦɢɞɚɦɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɥɶɮɢɞɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɢɚɰɢɤɥɚɧɨɜ ɦɟɬɨɞɨɦ ɂɗɊ ɫ 
ɭɩɨɪɨɦ ɧɚ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɢɫɭɥɶɮɨɧɢɟɜɵɯ ɫɨɥɟɣ ɧɚ ɢɯ 
ɮɪɚɝɦɟɧɬɚɰɢɸ ɜ ɭɫɥɨɜɢɹɯ ɚɤɬɢɜɚɰɢɢ ɫɨɭɞɚɪɟɧɢɟɦ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɡɹɬɵ ɪɚɡɥɢɱɧɵɟ 2- ɢ 3-ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɟ ɬɢɚɧɵ ɢ ɬɢɨɥɚɧɵ, 
ɢɡɨɦɟɪɧɵɟ 2- ɢ 3-ɬɢɚɛɢɰɢɤɥɨ[4.4.0]ɞɟɤɚɧɵ, 7- ɢ 8-ɬɢɚɛɢɰɢɤɥɨ[4.3.0]ɧɨɧɚɧɵ, ɚ ɬɚɤɠɟ ɢɯ 
ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɟ ɚɧɚɥɨɝɢ. ɂɯ S-ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɞɢɛɪɨɦɚɥɤɚɧɚɦɢ ɢ ɞɢɛɪɨɦɤɫɢɥɟɧɚɦɢ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɪɢɜɨɞɢɥɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɫɭɥɶɮɨɧɢɟɜɵɯ ɫɨɥɟɣ. Ɋɟɚɤɰɢɸ 
ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ ɫɭɥɶɮɢɞɚ ɢ ɞɢɛɪɨɦɢɞɚ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɩɪɢ 70 °ɋ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 
2:1 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɟɪɯɥɨɪɚɬɚ ɧɚɬɪɢɹ [1]. Ɋɟɚɤɰɢɹ ɩɪɨɯɨɞɢɥɚ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɞɢɛɪɨɦɤɫɢɥɟɧɨɜ ɢ 2 ɫɭɬɨɤ ɜ ɫɥɭɱɚɟ ɞɢɛɪɨɦɞɨɞɟɤɚɧɚ (ɪɢɫ. 1).  

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɟɚɤɰɢɹ ɩɨɥɢɚɥɤɢɥɢɪɨɜɚɧɢɹ ɧɟ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɞɢɛɪɨɦɚɥɤɚɧɨɜ ɫ ɤɨɪɨɬɤɨɣ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɰɟɩɨɱɤɨɣ ɢ ɛɥɢɡɤɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɚɬɨɦɨɜ ɛɪɨɦɚ 
(ɧɚɩɪɢɦɟɪ, 1,2-ɞɢɛɪɨɦɷɬɚɧɚ, 1,3-ɞɢɛɪɨɦɩɪɨɩɚɧɚ, 1,4-ɞɢɛɪɨɦɛɭɬɚɧɚ). 

Ɇɚɫɫ-ɫɩɟɤɬɪɵ ɷɥɟɤɬɪɨɪɚɫɩɵɥɟɧɢɹ/ɢɨɧɢɡɚɰɢɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɧɚ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ Shimadzu 
LCMS-8040, ɨɫɧɚɳɟɧɧɨɦ ɬɪɨɣɧɵɦ ɤɜɚɞɪɭɩɨɥɶɧɵɦ ɦɚɫɫ-ɚɧɚɥɢɡɚɬɨɪɨɦ. Ɋɚɫɬɜɨɪ ɨɛɪɚɡɰɚ ɜ 
ɚɛɫɨɥɸɬɧɨɦ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜɜɨɞɢɥɢ, ɦɢɧɭɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɭɸ ɤɨɥɨɧɤɭ. ɉɪɢ ɧɟɤɨɥɢɱɟɫɬɜɟɧɧɨɦ 
ɩɪɨɯɨɠɞɟɧɢɢ ɪɟɚɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɥɨɧɤɢ ɫ ɨɛɪɚɳɟɧɧɨɣ ɮɚɡɨɣ Chromolith HighResolution 

RP-18 (50 ɦɦ ɯ 4,6 ɦɦ, ɪɚɡɦɟɪ ɦɚɤɪɨɩɨɪ 2 ɦɤɦ, ɪɚɡɦɟɪ ɦɟɡɨɩɨɪ 130 Å, MilliporeSigma, Ƚɟɪɦɚɧɢɹ) 
ɫ ɦɨɛɢɥɶɧɨɣ ɮɚɡɨɣ ɚɰɟɬɨɧɢɬɪɢɥ (30%): ɜɨɞɚ (70%) ɩɨɡɜɨɥɹɥɨ ɪɚɡɞɟɥɹɬɶ ɦɨɧɨɤɚɬɢɨɧɧɵɟ ɢ 
ɞɢɤɚɬɢɨɧɧɵɟ ɩɪɨɞɭɤɬɵ. Ɍɚɧɞɟɦɧɵɟ ɦɚɫɫ-ɫɩɟɤɬɪɵ ɩɨɥɭɱɚɥɢ ɜ ɭɫɥɨɜɢɹɯ ɚɤɬɢɜɚɰɢɢ ɫɨɭɞɚɪɟɧɢɟɦ 
(ɝɚɡ ɚɤɬɢɜɚɰɢɢ - ɚɪɝɨɧ) ɩɪɢ ɷɧɟɪɝɢɢ 20 ɢ 30 ɷȼ.  
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Ɋɢɫ. 1. Ɋɟɚɤɰɢɹ ɩɨɥɢɚɥɤɢɥɢɪɨɜɚɧɢɹ ɬɢɚɰɢɤɥɚɧɨɜ ɞɢɛɪɨɦɢɞɚɦɢ. 
 

Ɇɚɫɫ-ɫɩɟɤɬɪɵ ɩɨɥɭɱɟɧɧɵɯ ɞɢɫɭɥɶɮɨɧɢɟɜɵɯ ɫɨɥɟɣ ɫɨɞɟɪɠɚɥɢ ɩɢɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɯ 
ɤɚɬɢɨɧɧɵɦ ɱɚɫɬɹɦ, ɫ ɦɚɫɫɨɜɵɦɢ ɱɢɫɥɚɦɢ, ɪɚɜɧɵɦɢ ɩɨɥɨɜɢɧɚɦ ɢɯ ɪɟɚɥɶɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ. 
Ɇɋ/Ɇɋ ɫɩɟɤɬɪɵ, ɡɚɩɢɫɚɧɧɵɟ ɞɥɹ ɞɢɤɚɬɢɨɧɨɜ, ɫɨɞɟɪɠɚɥɢ ɩɢɤɢ ɨɫɤɨɥɨɱɧɵɯ ɢɨɧɨɜ, ɜ ɨɫɧɨɜɧɨɦ 
ɤɚɬɢɨɧɨɜ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɱɟɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɥɟɤɬɪɨɧɨɜ ɢ ɤɚɬɢɨɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɫɟɪɭ. 
ɇɟɤɨɬɨɪɵɟ ɩɢɤɢ ɢɨɧɨɜ ɨɤɚɡɚɥɢɫɶ ɭɧɢɤɚɥɶɧɵɦɢ ɞɥɹ ɬɚɤɨɝɨ ɬɢɩɚ ɫɨɟɞɢɧɟɧɢɣ, ɱɬɨ ɨɬɥɢɱɚɟɬ 
ɯɚɪɚɤɬɟɪ ɢɯ ɮɪɚɝɦɟɧɬɚɰɢɢ ɨɬ ɨɞɧɨɡɚɪɹɞɧɵɯ ɫɭɥɶɮɨɧɢɟɜɵɯ ɫɨɥɟɣ [2]. Ɍɚɤɠɟ ɛɵɥɢ ɨɬɦɟɱɟɧɵ 
ɤɚɱɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɜ Ɇɋ/Ɇɋ ɫɩɟɤɬɪɚɯ ɫɨɥɟɣ ɢɡɨɦɟɪɧɵɯ ɬɢɚɰɢɤɥɚɧɨɜ ɫ ɪɚɡɧɵɦ ɩɨɥɨɠɟɧɢɟɦ 
ɚɥɤɢɥɶɧɵɯ ɝɪɭɩɩ ɢ ɚɬɨɦɚ ɫɟɪɵ ɜ ɰɢɤɥɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɞɥɹ 
ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɪɟɝɢɨɢɡɨɦɟɪɨɜ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Synthesis of sulfonium salts by sulfide alkylation; an alternative approach / V.K. Aggarwal, A. Thompson, R.V.H. 

Jones // Tetrahedron Letters. – 1994. – Vol. 35, № 46. – P. 8659-8660. – doi: 10.1016/S0040-4039(00)78464-4. 

2. A “soft” ionization mass spectrometric study of organic sulfides as sulfonium salts / A.V. Kozlov, R.S. Borisov, V.G. 

Zaikin // Journal of Analytical Chemistry. – 2016. – Vol. 71, № 14. – P. 1294-1300. – doi: 10.1134/S1061934816140070. 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɫ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɦɢ ɧɚ ɧɟɣ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɢɦɩɟɞɚɧɫɚ (ɋɗɂ). ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ 
ɮɨɫɮɚɬɧɨ-ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ ɬɢɬɚɧɨɜɵɣ ɷɥɟɤɬɪɨɞ ɩɨɞɜɟɪɝɚɥɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɫ ɡɚɞɚɜɚɟɦɵɦɢ 
ɩɨɬɟɧɰɢɚɥɚɦɢ ɩɨɥɹɪɢɡɚɰɢɢ 500, 750 ɢ 1000 ɦȼ ɢ ɜɪɟɦɟɧɟɦ ɩɪɨɜɟɞɟɧɢɹ ɩɨɥɹɪɢɡɚɰɢɢ 60 ɦɢɧɭɬ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɜɚɟɦɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɨɥɹɪɢɡɚɰɢɢ ɢ ɚɞɫɨɪɛɢɪɭɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ 
ɢɡɦɟɧɹɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɢɬɚɧɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

Electrochemical impedance spectroscopy (EIS) has been utilized for the investigation of the titanium electrode surface 

with the amino acids adsorbed thereon. Before impedance measurements performed in the phosphate-base solutions, titanium 

electrode has been subjected to electrochemical polarization for 60 minutes at 500, 750, 1000 mV. Analysis of the data 

obtained showed that titanium electrode surface characteristics depend on the polarization potential and the adsorbed amino 

acid nature. 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɬɢɬɚɧ ɢ ɟɝɨ ɫɩɥɚɜɵ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɟɞɢɰɢɧɟ ɜ ɤɚɱɟɫɬɜɟ 
ɨɪɬɨɩɟɞɢɱɟɫɤɢɯ ɢ ɫɬɨɦɚɬɨɥɨɝɢɱɟɫɤɢɯ ɢɦɩɥɚɧɬɚɬɨɜ. Ɍɢɬɚɧ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɩɪɨɱɧɨɫɬɶɸ, ɩɪɟɜɨɫɯɨɞɧɨɣ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɚɫɫɢɜɢɪɭɸɳɟɣ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ [1]. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɨɤɫɢɞɧɵɣ 
ɫɥɨɣ ɬɢɬɚɧɚ ɧɟ ɹɜɥɹɟɬɫɹ ɢɧɟɪɬɧɵɦ, ɨ ɱɟɦ ɝɨɜɨɪɹɬ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɢɦɩɟɞɚɧɫɚ ɜ 
ɢɫɫɥɟɞɭɟɦɵɯ ɭɫɥɨɜɢɹɯ.  

ȼɫɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɹɱɟɣɤɟ, ɜ ɪɚɫɬɜɨɪɚɯ ɞɢɤɚɪɛɨɧɨɜɵɯ 
ɚɦɢɧɨɤɢɫɥɨɬ – ɝɥɭɬɚɦɢɧɨɜɨɣ ɢ ɚɫɩɚɪɚɝɢɧɨɜɨɣ, ɜ ɤɚɱɟɫɬɜɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ Pt-ɷɥɟɤɬɪɨɞ, ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹ Ag/AgCl/NaCl (3M). Ɇɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɢɬɚɧɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɚɧɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢ 500, 750 ɢ 1000 ɦȼ 
[2], ɩɨɫɥɟ ɱɟɝɨ ɢɡɦɟɪɹɥɢɫɶ ɢɦɩɟɞɚɧɫɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɏɚɪɚɤɬɟɪɧɵɦ ɩɪɢɦɟɪɨɦ, 
ɩɨɤɚɡɵɜɚɸɳɢɦ ɢɡɦɟɧɟɧɢɟ ɢɡɦɟɪɹɟɦɵɯ ɫɜɨɣɫɬɜ, ɹɜɥɹɟɬɫɹ ɞɢɚɝɪɚɦɦɚ Ȼɨɞɟ (ɪɢɫ. 1).  
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Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɮɚɡɨɜɨɝɨ ɭɝɥɚ (φ) ɨɬ ɱɚɫɬɨɬɵ (Ȟ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɜɚɟɦɨɝɨ ɩɨɬɟɧɰɢɚɥɚ  
ɩɨɥɹɪɢɡɚɰɢɢ (ɞɢɚɝɪɚɦɦɵ Ȼɨɞɟ) ɞɥɹ ɬɢɬɚɧɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɜ ɪɚɫɬɜɨɪɚɯ: (ɚ) ɮɨɫɮɚɬɧɨ-ɳɟɥɨɱɧɨɝɨ  

ɛɭɮɟɪɚ 0.1Ɇ pH=7,4; (ɛ) ɝɥɭɬɚɦɢɧɨɜɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ (ɋ=10-3Ɇ). 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɜɚɟɦɵɯ ɭɫɥɨɜɢɣ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɚ 
ɩɪɨɬɟɤɚɟɬ ɩɨ-ɪɚɡɧɨɦɭ. ɂɡɦɟɧɟɧɢɹ ɢɦɩɟɞɚɧɫɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɝɭɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɵ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ, ɨɩɢɫɵɜɚɸɳɟɣ ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɨɰɟɫɫɵ [3]. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɫɬɚɧɞɚɪɬɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɫɯɟɦɵ (ɪɢɫ. 2), ɪɟɤɨɦɟɧɞɭɟɦɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 
ɷɥɟɤɬɪɨɞ/ɪɚɫɬɜɨɪ, ɧɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɫɨɡɞɚɧɢɹ ɚɞɟɤɜɚɬɧɨɣ ɦɨɞɟɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɚ ɜ ɪɚɫɬɜɨɪɚɯ 
ɞɢɤɚɪɛɨɧɨɜɵɯ ɚɦɢɧɨɤɢɫɥɨɬ.  

 
Ɋɢɫ. 2. ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɪɨɰɟɫɫɵ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɷɥɟɤɬɪɨɞ/ɪɚɫɬɜɨɪ, ɝɞɟ Rs – 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ, Rp – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɪɢɫɬɨɝɨ ɫɥɨɹ, Rɜ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɚɪɶɟɪɧɨɝɨ ɫɥɨɹ, Qɜ – 

ɷɥɟɦɟɧɬ ɩɨɫɬɨɹɧɧɨɣ ɮɚɡɵ ɛɚɪɶɟɪɧɨɝɨ ɫɥɨɹ, Cp – ɟɦɤɨɫɬɶ ɩɨɪɢɫɬɨɝɨ ɫɥɨɹ [4]. 
 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɚ ɩɪɨɬɟɤɚɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɟ 
ɩɪɨɰɟɫɫɵ, ɧɟ ɩɨɩɚɞɚɸɳɢɟ ɩɨɞ ɫɬɚɧɞɚɪɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɷɥɟɤɬɪɨɞ/ɪɚɫɬɜɨɪ. 
ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɧɚɥɢɱɢɟɦ ɜ ɪɚɛɨɱɟɦ ɪɚɫɬɜɨɪɟ ɚɦɢɧɨɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ 
ɫ ɨɤɫɢɞɧɵɦ ɫɥɨɟɦ, ɥɢɛɨ ɚɞɫɨɪɛɢɪɭɸɬɫɹ, ɥɢɛɨ ɨɤɢɫɥɹɸɬɫɹ ɧɚ ɧɟɦ. Ⱦɥɹ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɚ, ɢ ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ 
ɟɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ, ɧɟɨɛɯɨɞɢɦɚ ɛɨɥɟɟ ɫɥɨɠɧɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ. 
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ȼ ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɚɬɚ ɬɢɬɚɧɚ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɤɢɫɥɨɬɚɦɢ. ȼɜɟɞɟɧɢɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɭɥɭɱɲɚɟɬ ɢɨɧɨɨɛɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

In the present study the inorganic ion exchangers based on organic acids modified titanium phosphate have been 

synthesised. The introduction of the modifier improves of the the ion exchange characteristics. 

ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɨɪɝɚɧɢɱɟɫɤɢɯ ɥɭɱɲɢɦɢ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɂɡɛɢɪɚɬɟɥɶɧɨɫɬɶ ɫɨɪɛɰɢɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ, 
ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 
ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢ ɩɨɥɭɱɟɧɢɢ ɜɵɫɨɤɨɱɢɫɬɵɯ ɜɟɳɟɫɬɜ, ɢɡɜɥɟɱɟɧɢɢ ɢ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ, ɢɫɤɥɸɱɚɟɬ ɪɹɞ ɬɪɭɞɨɟɦɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɭɩɪɨɳɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɢ ɫɧɢɠɚɟɬ ɷɧɟɪɝɨɡɚɬɪɚɬɵ. ȼ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɱɢɫɬɤɚ 
ɨɬ ɦɢɤɪɨɩɪɢɦɟɫɟɣ ɤɚɬɢɨɧɨɜ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢɨɧɢɬɨɜ ɜɨɡɦɨɠɧɨ ɪɟɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɢɨɧɨɨɛɦɟɧɧɵɯ ɫɜɨɣɫɬɜ ɮɨɫɬɮɚɬɚ ɬɢɬɚɧɚ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɚɦɢ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ ɢɡɭɱɟɧɵ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 
ɮɨɫɮɚɬɚ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɢɫɥɨɬɚɦɢ: ɭɤɫɭɫɧɨɣ, ɳɚɜɟɥɟɜɨɣ, ɹɧɬɚɪɧɨɣ, ɥɢɦɨɧɧɨɣ, 

ɮɬɚɥɟɜɨɣ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɨɪɛɟɧɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ (ɬɚɛɥ.1,2,3). 
Ɍɚɛɥɢɰɚ 1 

ɍɫɥɨɜɢɹ ɫɢɧɬɟɡɚ ɫɨɪɛɟɧɬɨɜ 

№ ɨɛɪɚɡɰɚ ȼɪɟɦɹ ɫɢɧɬɟɡɚ, ɱ 
ɋɨɨɬɧɨɲɟɧɢɟ Ti 

(IV):ɦɨɞɢɮɢɤɚɬɨɪ 
ȼɵɯɨɞ, ɝ 

Ti(HPO4)2 •2H2O + ɋ2H2O4 (1) 48 1:1 15,35 

Ti(HPO4)2 •2H2O + C4H6O4 (2) 48 1:1 16,45 

Ti(HPO4)2 •2H2O + C8H6O4 (3) 48 1:1 17,37 

Ti(HPO4)2 •2H2O + C6H8O7 (4) 48 1:1 19,48 

Ti(HPO4)2 •2H2O + C2H4O2 (5) 48 1:1 14,58 

Ti(HPO4)2 •2H2O (6)  48 — 16,56 

 

Ɍɚɛɥɢɰɚ 2 

ɋɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɮɨɫɮɚɬɚ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ  
ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɤɢɫɥɨɬɚɦɢ, ɧɚ ɳɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ 

№ ɩ/ɩ ɋɨɪɛɟɧɬɵ 
Na+ K+ Li+ Rb+ 

E, % Kd, ɦɥ/ɝ E, % Kd, ɦɥ/ɝ E, % Kd, ɦɥ/ɝ E, % Kd, ɦɥ/ɝ 

1 1 14 16 81 438 5 6 98 410 

2 2 21 27 94 1467 6 7 99 414 

3 3 16 20 95 1844 8 8 99 415 

4 4 15 18 97 2768 8 9 99 415 

5 5 24 31 99 8418 9 9 99 416 

6 6 16 19 99 12725 8 8 99 415 

 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɧɚɛɥɸɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɪɹɞɵ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɫɨɪɛɟɧɬɨɜ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɤɢɫɥɨɬɚɦɢ: Li+<Na +< K+ <Rb+. 
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ɂɡ ɪɹɞɚ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɫɨɪɛɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɥɚɞɚɸɬ 
ɫɨɪɛɟɧɬɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɭɤɫɭɫɧɨɣ ɢ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɚɦɢ. 

Ɍɚɛɥɢɰɚ 3 

ɋɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɮɨɫɮɚɬɚ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ  
ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɤɢɫɥɨɬɚɦɢ, ɧɚ ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɥɥɵ 

№ 
ɩ/ɩ 

ɋɨɪɛɟɧɬɵ 

Mn+2 Fe+3 Cu+2 Ni+2 Co+2 Pb+2 

E, 

% 

Kd, 

ɦɥ/ɝ 
E, % 

Kd, 

ɦɥ/ɝ 
E, % 

Kd, 

ɦɥ/ɝ 
E, % 

Kd, 

ɦɥ/ɝ 
E, % 

Kd, 

ɦɥ/ɝ 
E, % 

Kd, 

ɦɥ/ɝ 

1 1 53 114 70 237 59 143 - - 14 17 94 1507 

2 2 52 110 86 640 73 271 14 17 25 33 97 3212 

3 3 48 93 89 817 76 310 18 22 28 39 95 1948 

4 4 53 113 84 533 70 235 10 12 31 44 98 4832 

5 5 37 59 95 2036 46 86 - - 38 60 97 2999 

6 6 45 83 84 533 67 200 17 172 54 119 96 2740 

 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɧɚɛɥɸɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɪɹɞɵ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɫɨɪɛɟɧɬɨɜ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɤɢɫɥɨɬɚɦɢ: 
1) Ni+2<Co+2< Cu+2<Mn+2<Fe+3<Pb+2 

2), 3), 4) Ni+2<Co+2<Mn+2<Cu+2<Fe+3<Pb+2 

5) Ni+2<Mn+2<Co+2<Cu+2<Fe+3< Pb+2 

6) Ni+2<Mn+2<Co+2<Cu+2<Fe+3<Pb+2 

ɂɡ ɪɹɞɨɜ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɫɨɪɛɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɥɚɞɚɸɬ 
ɫɨɪɛɟɧɬɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɭɤɫɭɫɧɨɣ ɢ ɮɬɚɥɟɜɨɣ ɤɢɫɥɨɬɚɦɢ. 

Ɇɟɬɨɞ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɵ. 
ɂɄ–ɫɩɟɤɬɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1. 

 

  

Ⱥ                                                                            Ȼ 
Ɋɢɫ.1. ɂɄ-ɫɩɟɤɬɪɵ: Ⱥ - ɮɨɫɮɚɬ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɨɣ (1); Ȼ - ɮɨɫɮɚɬ ɬɢɬɚɧɚ (6) 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ, ɜɫɟ ɨɛɪɚɡɰɵ ɢɞɟɧɬɢɱɧɵ ɢ ɜɜɟɞɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɧɟ ɜɥɢɹɟɬ ɧɚ 
ɂɄ–ɫɩɟɤɬɪɵ ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ. 
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Ɇɟɬɨɞɨɦ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɫɟ ɢɡɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɹɜɥɹɸɬɫɹ 
ɫɥɚɛɨɤɢɫɥɨɬɧɵɦɢ ɤɚɬɢɨɧɢɬɚɦɢ.  

 

 
 

Ɋɢɫ. 2. Ʉɪɢɜɵɟ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ: Ti(HPO4)2 •2H2O + ɋ2H2O4 (1); Ti(HPO4)2 •2H2O + 

C4H6O4 (2); Ti(HPO4)2 •2H2O + C8H6O4 (3); Ti(HPO4)2 •2H2O + C6H8O7 (4); Ti(HPO4)2 •2H2O + C2H4O2 (5). 

Ɍɢɬɪɚɧɬɵ: 0,1 ɦɨɥɶ/ɥ KCI + 0,1 ɦɨɥɶ/ɥ KOH; 0,1 ɦɨɥɶ/ɥ KOH 

 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɨɛɥɚɞɚɟɬ ɫɨɪɛɟɧɬ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ. ȼɫɟ ɫɨɪɛɟɧɬɵ ɯɢɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵ. 

 

Ʌɢɬɟɪɚɬɭɪɚ  
1. Ɏɟɮɟɥɨɜɚ Ⱥ.Ⱥ., Ⱦɢɦɨɜɚ Ʌ.Ɇ., Ⱦɚɬɤɨɜɚ ȿ.Ⱥ. ȼɥɢɚɧɢɟ ɢɧɬɟɪɤɚɥɹɰɢɢ ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɢ 

ɫɨɪɛɰɢɨɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɪɛɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ (IV). Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɨɛɳɟɫɬɜɨ, ɧɚɭɤɚ ɢ ɢɧɧɨɜɚɰɢɢ» ɋɛɨɪɧɢɤ ɫɬɚɬɟɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 15 ɞɟɤɚɛɪɹ 2014 
ɝ. ɑɚɫɬɶ 2 - ɋ. 11-17. 
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ɍȾɄ 546.77; 546.78; 539.25 

 

ɌɊȿɏɔəȾȿɊɇɕȿ ɋɍɅɖɎɂȾɇɕȿ ɄɅȺɋɌȿɊɕ ɆɈɅɂȻȾȿɇȺ ɂ ȼɈɅɖɎɊȺɆȺ ɋ 
ɅɂȽȺɇȾȺɆɂ ɇȺ ɈɋɇɈȼȿ ȻɂɉɂɊɂȾɂɇȺ — ɉɈɌȿɇɐɂȺɅɖɇɕȿ 

ɄɈɇɌɊȺɋɌɂɊɍɘɓɂȿ ȺȽȿɇɌɕ 

 

ɘ.Ⱥ. Ʌɚɪɢɱɟɜɚ1, Ⱥ.Ʌ. Ƚɭɳɢɧ1,2, ɂ.ɋ. Ⱦɨɜɵɞɟɧɤɨ3, ȿ.Ʉ. Ⱥɩɚɪɰɢɧ3,  

ȿ.ɂ. Ɋɹɛɱɢɤɨɜɚ3, Ⱥ.ȿ. Ƚɪɢɝɨɪɶɟɜɚ3  
1ɎȽȻɍɇ ɂɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ Ⱥ.ȼ. ɇɢɤɨɥɚɟɜɚ ɋɈ ɊȺɇ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. Ʌɚɜɪɟɧɬɶɟɜɚ, 3. 
2ɎȽȻɍɇ ȼɉɈ ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. ɉɢɪɨɝɨɜɚ, 2. 
3ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɛɢɨɥɨɝɢɢ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. Ʌɚɜɪɟɧɬɶɟɜɚ, 8. 

e-mail: laricheva@niic.nsc.ru 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɨɨɛɳɚɟɬɫɹ ɨɛ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɧɚɩɪɚɜɥɟɧɧɨɦ ɧɚ ɢɡɭɱɟɧɢɟ ɧɨɜɵɯ ɷɥɟɤɬɪɨɧɧɨ-ɤɨɧɬɪɚɫɬɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɤɫɨɜ ɤɥɚɫɬɟɪɨɜ ɦɟɬɚɥɥɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɝɢɞɪɨɮɨɛɧɨɝɨ ɫɥɨɹ 
ɥɢɩɢɞɧɵɯ ɦɟɦɛɪɚɧ. 

New electron-contrast compounds based on complexes of metal clusters with given properties for visualising the 

hydrophobic layer of lipid membranes have been studied. 

 

Ʌɚɛɢɥɶɧɨɫɬɶ ɯɥɨɪɢɞɧɵɯ ɥɢɝɚɧɞɨɜ ɜ ɤɨɦɩɥɟɤɫɚɯ [M3S4Cl3(ɞɢɢɦɢɧ)3]
+ ɤ ɞɚɥɶɧɟɣɲɟɦɭ 

ɡɚɦɟɳɟɧɢɸ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɤɨɨɪɞɢɧɚɰɢɢ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɥɢɝɚɧɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ ɢɥɢ ɮɪɚɝɦɟɧɬɨɜ-ɛɢɨɦɢɦɟɬɢɤɨɜ, ɧɚɩɪɢɦɟɪ ɩɪɢɪɨɞɧɵɯ ɠɢɪɧɵɯ 
ɤɢɫɥɨɬ, ɠɢɪɧɵɯ ɚɦɢɧɨɜ, ɫɬɟɪɨɢɞɨɜ ɢ ɠɢɪɨɪɚɫɬɜɨɪɢɦɵɯ ɜɢɬɚɦɢɧɨɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ  

ɩɪɟɞɫɬɚɜɥɹɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɟ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ [M3S4Cl3(ɞɢɢɦɢɧ)3]

+ [1-3] ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɚɫɬɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ [4,5] 
ɞɥɹ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ).  

ɋɦɟɫɶ ɤɨɦɩɥɟɤɫɚ [W3S4Cl3(L2)3]+ (L2 = 4,4'-ɞɢ-n-ɧɨɧɢɥ-2,2’-ɛɢɩɢɪɢɞɢɧ, ɪɢɫ. 1ɚ) ɢ 
ɮɨɫɮɨɥɢɩɢɞɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɢɩɨɫɨɦ ɩɭɬɟɦ ɝɢɞɪɚɬɚɰɢɢ ɢ ɨɛɪɚɛɨɬɤɢ 
ɭɥɶɬɪɚɡɜɭɤɨɦ ɥɢɩɢɞɧɨɣ ɩɥɟɧɤɢ. Ⱦɚɧɧɵɟ ɉɗɆ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɬɚɤɢɯ ɥɢɩɨɫɨɦ, ɝɨɜɨɪɹɬ ɨ ɬɨɦ, 
ɱɬɨ ɧɚɥɢɱɢɟ ɤɥɚɫɬɟɪɚ ɜ ɫɨɫɬɚɜɟ ɥɢɩɢɞɧɨɣ ɫɦɟɫɢ ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɜɧɟɲɧɸɸ 
ɦɟɦɛɪɚɧɭ ɥɢɩɨɫɨɦɵ, ɧɨ ɢ ɜɧɭɬɪɟɧɧɢɟ ɦɟɦɛɪɚɧɵ ɜ ɫɥɭɱɚɟ ɦɧɨɝɨɫɥɨɣɧɵɯ ɥɢɩɨɫɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɭɛɟɞɢɬɶɫɹ ɜ ɧɚɥɢɱɢɢ ɜɧɭɬɪɟɧɧɟɣ ɨɪɝɚɧɢɡɚɰɢɢ ɱɚɫɬɢɰɵ (ɪɢɫ. 1ɛ). ɉɪɢɫɭɬɫɬɜɢɟ ɤɥɚɫɬɟɪɚ ɜ ɫɦɟɫɢ 
ɦɚɥɨ ɜɥɢɹɟɬ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɱɚɫɬɢɰ. ɋɬɚɧɞɚɪɬɧɵɟ ɠɟ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɹ ɧɟ ɞɚɸɬ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɧɭɬɪɟɧɧɟɣ ɨɪɝɚɧɢɡɚɰɢɢ ɱɚɫɬɢɰɵ.  

 

 
Ɋɢɫ. 1. ɚ) Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɚ [M3S4Cl3(ɞɢɢɦɢɧ)3]+; ɛ) Ɇɧɨɝɨɫɥɨɣɧɵɟ ɥɢɩɨɫɨɦɵ, 

ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɧɵɟ [M3S4Cl3(ɞɢɢɦɢɧ)3]+. ɉɗɆ, ɫɨɪɛɰɢɹ ɧɚ ɮɨɪɦɜɚɪɨɜɭɸ ɩɥɟɧɤɭ. 

mailto:laricheva@niic.nsc.ru
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ȼɧɟɞɪɟɧɢɟ ɛɢɨɦɨɥɟɤɭɥ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɮɟɪɭ ɤɥɚɫɬɟɪɚ ɩɨɡɜɨɥɢɬ ɫɨɡɞɚɜɚɬɶ ɝɢɛɪɢɞɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɫ ɭɧɢɤɚɥɶɧɨɣ ɤɨɦɛɢɧɚɰɢɟɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɫɬɢɦɭɥ-ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, 
ɪɟɩɨɪɬɟɪɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɞɪɭɝɢɯ ɫɜɨɣɫɬɜ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɩɪɨɟɤɬɵ 15-03-02775 A ɢ 17-03-00663 

Ⱥ). 
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Pino-Chamorro J.Á., Laricheva Yu.A., Guillamón, E. et al. Kinetics aspects of the reversible assembly of copper in 

novel heterometallic Mo3CuS4 clusters with 4,4’-di-tert-butyl-2,2’-bipyridine // Inorganic Chemistry. – 2016. – V. 55. – №2. 
– P. 9912–9922. 

2. Ʌɚɪɢɱɟɜɚ, ɘ.Ⱥ., Ƚɭɳɢɧ, A.Ʌ., Ⱥɛɪɚɦɨɜ, ɉ.Ⱥ. ɢ ɋɨɤɨɥɨɜ, Ɇ.ɇ. ɋɬɪɨɟɧɢɟ ɢ ɬɟɪɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɭɥɶɮɢɞɧɨɝɨ 
ɤɥɚɫɬɟɪɚ ɜɨɥɶɮɪɚɦɚ, ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɬɢɨɦɨɱɟɜɢɧɨɣ // ɀɭɪɧɚɥ ɫɬɪɭɤɬɭɪɧɨɣ ɯɢɦɢɢ. – 2016. – Ɍ. 57. – №5. – ɋ. 
1012–1019. 

3. Pedrajas E., Sorribes I., Gushchin A.L. et al. Chemoselective hydrogenation of nitroarenes catalyzed by molybdenum 

sulphide clusters // ChemCatChem. – 2017. – V. 9. – №6. – P. 1128–1134. 

4. Pattni B.S., Chupin V.V. and Torchilin V.P. New Developments in Liposomal Drug Delivery // Chemical Reviews. – 

2015. – V. 115. – №19. – P. 10938-10966.  

5. Hope M.J. Enhancing siRNA delivery by employing lipid nanoparticles. Therapeutic Delivery // – 2016. – V. 7. – №2. 
– P. 117-138.  
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ɍȾɄ 543.05, 66.082.2 

 

ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɋɈɊȻɐɂɈɇɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɇȺ ɈɋɇɈȼȿ ɆȿɌȺɅɅɈɊȿɁɂɇɕ 
ȾɅə ɄɈɇɐȿɇɌɊɂɊɈȼȺɇɂə ɆȺɅɈɅȿɌɍɑɂɏ ɈɊȽȺɇɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ 

 

Ⱥ.ɇ. Ʌɟɛɟɞɟɜ, Ⱥ.ɋ. Ʉɚɪɫɭɧɤɢɧɚ, ȿ.Ⱥ. ɇɨɜɢɤɨɜɚ, ɂ.Ⱥ. ɉɥɚɬɨɧɨɜ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɚɦɚɪɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥɟɜɚ» 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 443086, ɝ. ɋɚɦɚɪɚ, Ɇɨɫɤɨɜɫɤɨɟ ɲ., 34.  

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨ-ɪɚɡɧɨɦɭ ɨɛɪɚɛɨɬɚɧɧɨɣ ɦɟɬɚɥɥɨɪɟɡɢɧɵ ɞɥɹ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɦɚɥɨɥɟɬɭɱɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɩɪɢɦɟɪɟ ɞɢɨɤɬɢɥɮɬɚɥɚɬɚ (ȾɈɎ). ɉɨɥɭɱɟɧɵ 
ɡɚɜɢɫɢɦɨɫɬɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ȾɈɎ ɨɬ ɫɩɨɫɨɛɚ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɪɟɡɢɧɵ. 
ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɜɢɞɨɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ – ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɨɪɟɡɢɧɵ ɜ ɤɚɱɟɫɬɜɟ 
ɫɨɪɛɟɧɬɚ ɢ ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɛɫɨɪɛɰɢɨɧɧɨɟ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɞɚёɬ ɡɚɧɢɠɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɈɎ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɚɞɫɨɪɛɰɢɨɧɧɵɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟɦ. 

In this work the possibility of use of metal-rubber of various processing for concoction of low-volatile organic 

compounds on the example of dioctylphthalate (DOP) is considered. Dependences of efficiency of sorption and a desorption 

of DOP on a way of processing of a surface of metal-rubber are received. Comparison of two types of concoction – the 

adsorptive with use of metal-rubber as a sorbent and isopropyl alcohol, absorbing with use, is carried out. It is shown that 

absorbing concoction yields the underestimated results of concentration of DOP in a gas phase in comparison with the 

adsorptive concoction. 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɩɪɢɦɟɫɟɣ ɜ ɜɨɡɞɭɲɧɵɯ ɫɪɟɞɚɯ – ɨɞɧɚ ɢɡ ɚɤɬɭɚɥɶɧɟɣɲɢɯ ɡɚɞɚɱ ɜ 
ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ. ɇɚɩɪɢɦɟɪ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɚ ɬɚɤɠɟ ɜ ɰɟɥɹɯ 
ɩɪɨɜɟɞɟɧɢɹ ɨɰɟɧɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ ɜ ɛɵɬɭ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɨɞɢɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ ɜ ɜɨɡɞɭɯɟ ɧɚ ɭɪɨɜɧɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,1 - 0,5 ɦɝ/ɦ3. Ⱦɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɢɤɪɨɩɪɢɦɟɫɟɣ ɢɡ ɝɚɡɨɜɵɯ ɫɪɟɞ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɸɬɫɹ ɫɨɪɛɟɧɬɵ ɪɚɡɥɢɱɧɵɟ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ, ɧɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɜɵɫɨɤɢɦ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɥɨɹ ɫɨɪɛɟɧɬɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɦɚɥɨɜɚɠɧɵɦ 
ɫɞɟɪɠɢɜɚɸɳɢɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɜɨɡɞɭɯɚ, ɚ ɬɚɤɠɟ 
ɬɪɭɞɧɨɫɬɹɦɢ ɩɪɨɜɟɞɟɧɢɹ ɞɟɫɨɪɛɰɢɢ. 

ɐɟɥɶɸ ɧɚɲɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɨɪɟɡɢɧɵ ɜ 
ɤɚɱɟɫɬɜɟ ɫɨɪɛɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɦɢɤɪɨɩɪɢɦɟɫɟɣ ɦɚɥɨɥɟɬɭɱɢɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

Ɇɟɬɚɥɥɨɪɟɡɢɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɥɨɱɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɜɚɪɶɢɪɭɟɦɨɣ ɩɨɪɨɡɧɨɫɬɶɸ, 
ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɩɭɬɟɦ ɯɨɥɨɞɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ ɭɥɨɠɟɧɧɨɣ ɢ ɞɨɡɢɪɨɜɚɧɧɨɣ 
ɩɨ ɜɟɫɭ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɨɜɨɥɨɱɧɨɣ ɫɩɢɪɚɥɢ (ɦɚɬɟɪɢɚɥ – ɫɬɚɥɶ ɦɚɪɤɢ ɏ18ɇ10).  Ⱦɚɧɧɵɣ 
ɦɚɬɟɪɢɚɥ ɪɚɡɪɚɛɨɬɚɧ ɜ ɋȽȺɍ ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ [1], ɚ 
ɬɚɤɠɟ ɤɚɤ ɧɨɫɢɬɟɥɶ ɞɥɹ ɦɢɤɪɨ- ɢ ɧɚɧɨɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɨɜ [2], ɩɪɢ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɫɨɪɛɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɪɟɡɢɧɵ ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ. Ɉɞɧɚɤɨ, 
ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɨɪɨɡɧɨɫɬɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɥɨɹ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɨɤɫɢɞɧɵɯ ɫɥɨɟɜ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 
ɞɟɥɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɛɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɫɥɨɹ ɩɪɨɜɨɞɹɬ ɩɭɬɟɦ ɨɤɫɢɞɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 1). Ⱦɥɹ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ 
ɜɡɹɬɵ 3 ɨɛɪɚɡɰɚ ɦɟɬɚɥɥɨɪɟɡɢɧɵ (ɞɢɚɦɟɬɪ ɛɥɨɤɚ  8 ɦɦ, ɜɵɫɨɬɚ ɛɥɨɤɚ 10 ɦɦ) ɫ ɪɚɡɥɢɱɧɨɣ 
ɨɛɪɚɛɨɬɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ: 1 - ɛɟɡ ɨɛɪɚɛɨɬɤɢ; 2 - ɨɤɫɢɞɢɪɨɜɚɧɧɚɹ ɩɪɢ 300 ɋ; 3 - ɨɛɪɚɛɨɬɚɧɧɚɹ 
ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɨɤɫɢɞɢɪɨɜɚɧɧɚɹ ɩɪɢ 700 ɋ.  
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Ɋɢɫ. 1. Ɏɨɬɨɝɪɚɮɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɪɟɡɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ: ɚ – ɨɛɪɚɡɟɰ ɧɟɨɛɪɚɛɨɬɚɧɧɨɣ ɦɟɬɚɥɥɨɪɟɡɢɧɵ, ɛ – ɨɛɪɚɡɟɰ ɦɟɬɚɥɥɨɪɟɡɢɧɵ,  

ɨɛɪɚɛɨɬɚɧɧɵɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɨɤɫɢɞɢɪɨɜɚɧɧɵɣ ɩɪɢ 700 ɋ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɢ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɪёɯ ɨɛɪɚɡɰɨɜ 
ɦɟɬɚɥɥɨɪɟɡɢɧɵ ɛɵɥɚ ɫɨɛɪɚɧɚ ɭɫɬɚɧɨɜɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɚɬɶ ɝɚɡɨɜɵɟ ɩɨɬɨɤɢ, ɫɨɞɟɪɠɚɳɢɟ 
ɦɢɤɪɨɩɪɢɦɟɫɢ ɞɢɨɤɬɢɥɮɬɚɥɚɬɚ (ȾɈɎ) ɜ ɜɨɡɞɭɯɟ. ɍɫɬɚɧɨɜɤɚ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɱɚɫɬɟɣ: 1 – ɢɫɬɨɱɧɢɤ 
ȾɈɎ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɩɨɝɥɨɬɢɬɟɥɶ, ɡɚɩɨɥɧɟɧɧɵɣ ɱɢɫɬɵɦ ɜɟɳɟɫɬɜɨɦ ɢ ɩɨɦɟɳɟɧɧɵɣ ɜ 
ɬɟɪɦɨɫɬɚɬ (ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɥɚ 60 ɋ); 2 – ɫɢɫɬɟɦɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ; 3 –ɤɨɦɩɪɟɫɫɨɪ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɩɨɝɥɨɬɢɬɟɥɶ ɫ ȾɈɎ ɢ ɫɢɫɬɟɦɭ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. 
Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɫɨɝɥɚɫɧɨ 
ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɟ [3] ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɵ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɛɵɥ ɜɡɹɬ ɩɨɝɥɨɬɢɬɟɥɶ, 
ɡɚɩɨɥɧɟɧɧɵɣ ɢɡɨɩɪɨɩɚɧɨɥɨɦ ɨɛɴёɦɨɦ 5 ɦɥ. Ƚɚɡɨɜɵɣ ɩɨɬɨɤ, ɫɨɞɟɪɠɚɳɢɣ ɦɢɤɪɨɩɪɢɦɟɫɢ ȾɈɎ, 
ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ, ɡɚɬɟɦ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɭɩɚɪɢɜɚɥɢ ɞɨ ɨɛɴёɦɚ 
1 ɦɥ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɵ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
ɛɵɥ ɜɡɹɬ ɩɚɬɪɨɧ, ɫɨɞɟɪɠɚɳɢɣ ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɛɥɨɤɚ ɫɨɪɛɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɪɟɡɢɧɵ. Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. 
Ⱦɟɫɨɪɛɰɢɸ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɢɤɪɨɩɪɢɦɟɫɟɣ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɨɩɪɨɩɚɧɨɥɚ 
ɨɛɴɟɦɨɦ 2 ɦɥ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɜɚɧɧɟ ɫɥɟɞɭɸɳɢɦɢ ɫɩɨɫɨɛɚɦɢ: ɬɨɥɶɤɨ ɫ ɩɟɪɜɨɝɨ ɛɥɨɤɚ 
ɫɨɪɛɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ; ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɛɥɨɤɨɜ; ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 2 ɢ 3 
ɪɚɡɚ ɩɨ 2 ɦɢɧɭɬɵ, ɧɟ ɜɵɧɢɦɚɹ ɦɟɬɚɥɥɨɪɟɡɢɧɭ ɢɡ ɢɡɨɩɪɨɩɚɧɨɥɚ, ɢ ɩɪɢ ɷɬɨɦ ɷɤɫɬɪɚɤɬ ɩɨɫɥɟ ɤɚɠɞɨɣ 
ɫɬɚɞɢɢ ɞɟɫɨɪɛɰɢɢ ɩɨɞɜɟɪɝɚɥɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ȾɈɎ ɞɟɫɨɪɛɢɪɨɜɚɧɨ ɫ 
ɧɟɨɛɪɚɛɨɬɚɧɧɨɣ ɦɟɬɚɥɥɨɪɟɡɢɧɵ. Ⱦɚɧɧɵɣ ɨɛɪɚɡɟɰ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɞɟɪɠɢɬ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ ɢ, 
ɜɢɞɢɦɨ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ ɮɢɥɶɬɪɚ. ɉɨɷɬɨɦɭ ɧɟɨɛɪɚɛɨɬɚɧɧɚɹ ɦɟɬɚɥɥɨɪɟɡɢɧɚ 
ɥɟɝɤɨ ɭɥɚɜɥɢɜɚɟɬ ȾɈɎ ɢ ɥɟɝɤɨ ɟɝɨ ɞɟɫɨɪɛɢɪɭɟɬ. ȼɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɨɛɪɚɡɰɵ ɦɟɬɚɥɥɨɪɟɡɢɧɵ 
ɫɨɞɟɪɠɚɬ ɨɤɫɢɞɧɵɟ ɫɥɨɢ, ɤɨɬɨɪɵɟ ɢ ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ ɚɞɫɨɪɛɟɧɬɚ. ɉɨɷɬɨɦɭ ɫɧɢɠɟɧɢɟ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɨɛɪɚɛɨɬɚɧɧɨɣ ɦɟɬɚɥɥɨɪɟɡɢɧɨɣ ɤɨɥɢɱɟɫɬɜɚ ȾɈɎ (ɧɚ 22 ɢ 47%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) 
ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɧɟɩɨɥɧɨɬɨɣ ɞɟɫɨɪɛɰɢɢ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɞɟɫɨɪɛɰɢɢ ɫ 
ɬɪɟɬɶɟɝɨ ɨɛɪɚɡɰɚ ɢɡɨɩɪɨɩɚɧɨɥɶɧɵɣ ɷɤɫɬɪɚɤɬ ɫɨɞɟɪɠɚɥ ɱɚɫɬɢɰɵ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ, ɱɬɨ ɬɚɤɠɟ ɦɨɝɥɨ 
ɩɨɜɥɢɹɬɶ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɞɟɫɨɪɛɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɨɛɪɚɡɟɰ 
ɦɟɬɚɥɥɨɪɟɡɢɧɵ № 3 ɨɛɥɚɞɚɟɬ ɧɟɭɫɬɨɣɱɢɜɵɦ ɚɞɫɨɪɛɰɢɨɧɧɵɦ ɫɥɨɟɦ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ȾɈɎ, ɞɟɫɨɪɛɢɪɨɜɚɧɨɟ ɫ ɨɛɨɢɯ ɛɥɨɤɨɜ ɦɟɬɚɥɥɨɪɟɡɢɧɵ, 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ȾɈɎ, ɞɟɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɬɨɥɶɤɨ ɫ ɩɟɪɜɨɝɨ ɛɥɨɤɚ 
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(ɨɬɤɥɨɧɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 5%). ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ȾɈɎ 
ɭɥɚɜɥɢɜɚɟɬɫɹ ɧɚ ɩɟɪɜɨɦ ɛɥɨɤɟ ɢ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɪɨɫɤɨɤɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɜ ɰɟɥɹɯ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɭɞɨɛɫɬɜɚ ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ ɨɞɧɢɦ ɛɥɨɤɨɦ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɞɟɫɨɪɛɰɢɢ ɧɚɛɥɸɞɚɥɨɫɶ ɩɨɫɬɟɩɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ 
ȾɈɎ ɜ ɷɤɫɬɪɚɤɬɟ: ɧɚ 11% ɢ 6% ɞɥɹ ɨɛɪɚɡɰɚ № 1 ɢ 13% ɢ 12% ɞɥɹ ɨɛɪɚɡɰɚ № 2. ɉɨɫɥɟ 12-

ɬɢɱɚɫɨɜɨɝɨ ɜɵɞɟɪɠɢɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɦɟɬɚɥɥɨɪɟɡɢɧɵ ɜ ɢɡɨɩɪɨɩɢɥɨɜɨɦ ɫɩɢɪɬɟ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ 
ȾɈɎ ɞɥɹ ɨɛɪɚɡɰɚ № 1 ɫɨɫɬɚɜɢɥɨ ɦɟɧɟɟ 5%, ɞɥɹ ɨɛɪɚɡɰɚ № 2 – 7%. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɞɟɫɨɪɛɰɢɢ ȾɈɎ ɫ ɨɛɪɚɡɰɚ № 1 ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɚɧɚɥɨɝɢɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɨɛɪɚɡɰɚ № 2, 
ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɷɤɫɩɪɟɫɫɧɨɫɬɶ ɚɧɚɥɢɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɨɪɟɡɢɧɵ ɞɥɹ 
ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ.  

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɚɹ 
ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ȾɈɎ ɫ ɚɛɫɨɪɛɰɢɨɧɧɵɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɢɡɨɩɪɨɩɚɧɨɥɚ ɞɚɟɬ ɹɜɧɨ ɡɚɧɢɠɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɞɫɨɪɛɰɢɨɧɧɵɦ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟɦ: ɨɩɪɟɞɟɥɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟɦ ɫɨɫɬɚɜɥɹɥɚ 0,13 ɦɝ/ɦ3, ɜɨ 
ɜɬɨɪɨɦ – 0,64 ɦɝ/ɦ3 (ɞɥɹ ɧɟɨɛɪɚɛɨɬɚɧɧɨɣ ɦɟɬɚɥɥɨɪɟɡɢɧɵ). ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɤɚɤ ɫ 
ɧɟɩɨɥɧɵɦ ɭɥɚɜɥɢɜɚɧɢɟɦ ȾɈɎ ɢɡ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɬɚɤ ɢ ɜɧɟɫɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɚɧɚɥɢɡ ɡɚ ɫɱɟɬ ɭɩɚɪɢɜɚɧɢɹ ɷɤɫɬɪɚɤɬɚ.  
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɤɢɧɟɬɢɤɚ ɩɪɨɰɟɫɫɚ ɚɞɫɨɪɛɰɢɢ ɩɚɪɨɜ ɜɨɞɵ ɧɚ ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ 

ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɳɟɥɨɱɧɵɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚɢɛɨɥɶɲɚɹ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɚɞɫɨɪɛɰɢɢ (0,06 ɫ-1) ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɨɛɪɚɡɰɨɜ Ⱥ-1 ɢ Ⱥ-2. Ⱦɥɹ ɨɛɪɚɡɰɨɜ Ⱥ-3-Na ɢ Ⱥ-

4-K, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɳɟɥɨɱɧɵɦɢ ɢɨɧɚɦɢ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ ɩɪɨɬɟɤɚɟɬ ɦɟɞɥɟɧɧɟɟ, ɨɞɧɚɤɨ ɚɞɫɨɪɛɰɢɨɧɧɚɹ 
ɟɦɤɨɫɬɶ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɜɵɲɟ ɧɚ  30%. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɳɟɥɨɱɧɨɟ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɸɦɨɨɤɫɢɞɧɵɯ ɨɫɭɲɢɬɟɥɟɣ. 

In the present study kinetic of the process of adsorption-desorption of water vapor on the samples obtained on the basis 

of ɚluminium oxide with subsequent alkaline modification have been investigated. As a result of the studies, it was established 

that the highest adsorption rate constant (~ 0.06 s-1) is observed on the samples A-1 and A-2. For the samples A-3-Na and A-

4-K modified with alkali ions the adsorption process proceeds more slowly but the adsorption capacity of these samples is 

higher by ~ 30%. It can be concluded that alkaline modification leads to an increase in the efficiency of the alumina 

dehydrators. 

 

ȼɜɟɞɟɧɢɟ. ɇɚ ɧɟɮɬɹɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɜɦɟɫɬɟ ɫ ɧɟɮɬɶɸ ɞɨɛɵɜɚɟɬɫɹ ɩɪɢɪɨɞɧɵɣ ɧɟɮɬɹɧɨɣ 
ɝɚɡ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɪɚɡɥɢɱɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɚɡɨɬɚ, ɢ ɢɧɨɝɞɚ 
ɤɢɫɥɵɯ ɤɨɦɩɨɧɟɧɬɨɜ: ɭɝɥɟɤɢɫɥɨɬɵ ɢ ɫɟɪɨɜɨɞɨɪɨɞ. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɬɚɤɨɣ ɝɚɡ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ 
ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ ɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 0,7 Ɇɉɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ 
ɜɨɞɹɧɵɟ ɩɚɪɵ ɢ ɬɹɠɟɥɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ, ɨɛɪɚɡɭɹ 
ɠɢɞɤɨɫɬɧɵɟ, ɥɟɞɹɧɵɟ ɢ ɝɢɞɪɚɬɧɵɟ ɩɪɨɛɤɢ.  

ɇɟɮɬɹɧɨɣ ɝɚɡ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɜɟɪɝɚɬɶ ɩɟɪɟɪɚɛɨɬɤɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɪɨɰɟɫɫɨɜ 
ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɹ, ɨɫɭɲɤɢ, ɨɬɛɟɧɡɢɧɢɜɚɧɢɹ ɢ ɬ.ɞ. ɉɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɪɚɛɨɬɤɢ 
ɩɪɢɪɨɞɧɵɣ ɧɟɮɬɹɧɨɣ ɝɚɡ ɦɨɠɧɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɞɨ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɩɨɞ 
ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɧɚ ɪɚɫɫɬɨɹɧɢɹ ɜ ɫɨɬɧɢ ɢ ɬɵɫɹɱɢ ɤɢɥɨɦɟɬɪɨɜ. 

ɂɡɜɟɫɬɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɚɤɬɢɜɧɨɝɨ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ 
ɩɪɨɰɟɫɫɚɯ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ (ɪɢɮɨɪɦɢɧɝ, ɝɢɞɪɨɨɱɢɫɬɤɚ, ɝɢɞɪɨɤɪɟɤɢɧɝ) ɢ ɚɞɫɨɪɛɟɧɬɨɜ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɨɫɭɲɢɬɟɥɟɣ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. ȼɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɩɨɥɹɪɧɵɦɢ ɚɞɫɨɪɛɬɢɜɚɦɢ (ɩɪɟɠɞɟ ɜɫɟɝɨ, ɩɚɪɚɦɢ ɜɨɞɵ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɥɭɛɨɤɭɸ 
ɨɫɭɲɤɭ ɩɨɩɭɬɧɵɯ ɧɟɮɬɹɧɵɯ ɝɚɡɨɜ ɞɨ ɬɨɱɤɢ ɪɨɫɵ ɦɢɧɭɫ 60 °ɋ ɢ ɧɢɠɟ [1]. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɱɟɬɵɪɟ ɬɢɩɚ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɰɟɧɬɪɨɛɟɠɧɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɟɣ 
ɝɢɞɪɚɪɝɢɥɥɢɬɚ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɳɟɥɨɱɧɵɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ (ɬɚɛɥɢɰɚ 1). ɂɫɫɥɟɞɨɜɚɧɧɵɟ 
ɨɛɪɚɡɰɵ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɧɟɟ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɞɟɜɹɬɢɰɢɤɥɨɜɵɦ ɢɫɩɵɬɚɧɢɹɦ ɩɨ ɚɞɫɨɪɛɰɢɢ-

ɞɟɫɨɪɛɰɢɢ ɩɚɪɨɜ ɜɨɞɵ ɧɚ ɩɢɥɨɬɧɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ [2], ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɫɬɚɛɢɥɢɡɚɰɢɢ ɢɯ 
ɫɬɪɭɤɬɭɪɵ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɟɥɢɱɢɧɭ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɚɥɸɦɨɨɤɫɢɞɧɵɯ 
ɨɫɭɲɢɬɟɥɟɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɚɪɚɦ ɜɨɞɵ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɤɜɚɪɰɟɜɵɯ ɜɟɫɨɜ Ɇɚɤ-Ȼɟɧɚ-Ȼɚɤɪɚ. Ʉɢɧɟɬɢɤɭ ɚɞɫɨɪɛɰɢɢ ɩɚɪɨɜ ɜɨɞɵ ɧɚ 
ɚɥɸɦɨɨɤɫɢɞɧɵɯ ɨɫɭɲɢɬɟɥɹɯ ɢ ɫɤɨɪɨɫɬɶ ɨɬɪɚɛɨɬɤɢ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɷɬɢɯ ɝɪɚɧɭɥ ɢɡɭɱɚɥɢ, 
ɢɫɩɨɥɶɡɭɹ ɟɞɢɧɢɱɧɵɟ ɝɪɚɧɭɥɵ ɚɞɫɨɪɛɟɧɬɚ ɢ ɫɥɨɣ, ɬɨɥɳɢɧɨɣ ɜ ɨɞɧɭ ɝɪɚɧɭɥɭ (ɮɪɚɤɰɢɹ 1‒0,5 ɦɦ). 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɤɢɧɟɬɢɤɢ ɩɨɝɥɨɳɟɧɢɹ ɜɟɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɨɪɦɭɥɭ Ƚɥɸɤɚɭɮɚ [3]: 

 

dɚ/dt = β(a* - a)  (1) 

c ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ: 
t=0: ɚ = 0. 

 

ɝɞɟ a* - ɜɟɥɢɱɢɧɚ ɩɨɝɥɨɳɟɧɢɹ, ɪɚɜɧɨɜɟɫɧɚɹ ɫ ɬɟɤɭɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɟɳɟɫɬɜɚ ɜ ɩɨɬɨɤɟ ɧɚ 
ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ; a – ɬɟɤɭɳɚɹ ɜɟɥɢɱɢɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɞɫɨɪɛɢɪɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, β – 
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ɤɢɧɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɤɨɧɫɬɚɧɬɭ ɫɤɨɪɨɫɬɢ ɚɞɫɨɪɛɰɢɢ, c-1; t – ɜɪɟɦɹ, ɫ. Ⱦɚɧɧɨɟ 
ɭɪɚɜɧɟɧɢɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɝɢɞɪɨɮɢɥɶɧɵɯ ɚɞɫɨɪɛɟɧɬɨɜ ɩɪɢ ɨɩɢɫɚɧɢɢ ɤɢɧɟɬɢɤɢ 
ɚɞɫɨɪɛɰɢɢ ɜɨɞɵ, ɥɢɦɢɬɢɪɨɜɚɧɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɞɢɮɮɭɡɢɟɣ [4]. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɩɨ ɭɪɚɜɧɟɧɢɸ (1) ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɩɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 1. ɂɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɭ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ (Ⱥ-3-Na, Ⱥ-4-K) ɜɵɲɟ, ɱɟɦ ɭ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ Ⱥ-2, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ (Ⱥ-3-Na, Ⱥ-4-K), ɢ ɨɛɪɚɡɰɚ ɫɪɚɜɧɟɧɢɹ 
Ⱥ-1, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɛɚɣɟɪɢɬɫɨɞɟɪɠɚɳɟɝɨ ɝɢɞɪɨɤɫɢɞɚ. 

Ɍɚɛɥɢɰɚ 1 

ȼɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɨɜ ɭɪɚɜɧɟɧɢɹ Ƚɥɸɤɚɭɮɚ ɞɥɹ ɨɛɪɚɡɰɨɜ ɚɞɫɨɪɛɟɧɬɨɜ  
ɞɨ ɢ ɩɨɫɥɟ ɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

Ɉɛɪɚɡɟɰ 
Ɏɚɡɨɜɵɣ 

ɫɨɫɬɚɜ 

ɋɨɞɟɪɠɚɧɢɟ 
ɦɨɞɢɮɢɰ. ɞɨɛɚɜɨɤ 

(ɂɋɉ), % ɦɚɫɫ. 
Sɭɞ, ɦ2/ɝ 

ɚm, ɝ/ɝ 
ɚɞɫɨɪɛɟɧɬɚ 

ȕ, ɫ-1 

Ⱥ-1 

(Ȗ+η)-Al2O3, 

χ-Al2O3, 

ɛɟɦɢɬ 

0,98 Na; 0,04 Ʉ 295±29 0,177 0,057 

Ⱥ-2 

(Ȗ+η)-Al2O3, 

χ-Al2O3 

0,12 Na; 0,02 Ʉ 258±25 0,197 0,055 

Ⱥ-3-Na 2,1 Na; 0,03 Ʉ 272±27 0,281 0,029 

Ⱥ-4-K 0,11 Na; 2,2 K 249±24 0,287 0,033 

      

Ⱥ-1-9ɋ 

(Ȗ+η)-Al2O3, 

χ-Al2O3, 

ɛɟɦɢɬ 

0,97 Na; 0,04 Ʉ 270±27 0,179 0,0647 

Ⱥ-2-9ɋ (Ȗ+η)-Al2O3, 

χ-Al2O3, 

ɩɫɟɜɞɨɛɟɦɢɬ 

0,11 Na; 0,01 Ʉ 207±20 0,192 0,0369 

Ⱥ-3-Na-9ɋ 2,00 Na; 0,02 Ʉ 198±19 0,201 0,0396 

Ⱥ-4-K-9ɋ 0,13 Na; 2,10 K 215±21 0,229 0,0384 

 

ɂɡ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɫɪɟɞɢ ɨɛɪɚɡɰɨɜ, ɧɟ ɩɨɞɜɟɪɝɧɭɬɵɯ ɰɢɤɥɢɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ, 
ɧɚɢɛɨɥɶɲɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɚɞɫɨɪɛɰɢɢ (0,06 ɫ-1) ɨɛɥɚɞɚɸɬ ɢɫɯɨɞɧɵɣ ɨɛɪɚɡɟɰ Ⱥ-2 ɢ 
ɨɛɪɚɡɟɰ ɫɪɚɜɧɟɧɢɹ Ⱥ-1, ɢɦɟɸɳɢɟ ɬɚɤɠɟ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ. ɉɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɚɦɢ Ⱥ-1 ɢ Ⱥ-2, ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɨɛɪɚɡɰɨɜ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɳɟɥɨɱɧɵɦɢ ɢɨɧɚɦɢ, ɜɵɲɟ ɧɚ ~30%, ɨɞɧɚɤɨ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɚɞɫɨɪɛɰɢɢ ɞɥɹ ɧɢɯ ɧɢɠɟ ɧɚ 
~40%. Ɋɚɧɟɟ ɜ ɪɚɛɨɬɟ [4] ɭɦɟɧɶɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ ɜɨɞɵ ɜɝɥɭɛɶ ɡɟɪɧɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɝɢɝɪɨɫɤɨɩɢɱɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɨɜ ɫɜɹɡɵɜɚɥɨɫɶ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɪɦɨɡɹɳɟɝɨ ɞɟɣɫɬɜɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɢɥ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɜɹɡɢ. 

ɉɨɫɥɟ ɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɨ ɚɞɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ ɩɚɪɨɜ ɜɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɚɥɸɦɨɨɤɫɢɞɧɵɯ ɨɫɭɲɢɬɟɥɟɣ ɫɤɨɪɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɢ ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɞɥɹ ɨɛɪɚɡɰɚ Ⱥ-1 

ɨɫɬɚɸɬɫɹ ɩɨɱɬɢ ɧɟɢɡɦɟɧɧɵɦɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɨɛɪɚɡɰɚ Ⱥ-2 ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɚɞɫɨɪɛɰɢɢ 
ɧɢɠɟ ɧɚ ~30% ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɚɞɫɨɪɛɰɢɨɧɧɚɹ 
ɟɦɤɨɫɬɶ ɨɛɪɚɡɰɨɜ Ⱥ-3-Na-9ɋ ɢ  Ⱥ-4-K-9ɋ ɫɧɢɠɚɟɬɫɹ ɧɚ ~25 %, ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɟɜɵɲɚɸɬ 
ɩɨɤɚɡɚɬɟɥɢ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɞɥɹ ɨɛɪɚɡɰɚ ɫɪɚɜɧɟɧɢɹ ɢ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ.  

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɩɨ ɭɪɚɜɧɟɧɢɸ Ƚɥɸɤɚɭɮɚ ɫ 
ɩɨɥɭɱɟɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. ɂɡ ɪɢɫɭɧɤɚ 1 ɜɢɞɧɨ, ɱɬɨ ɪɚɫɱɟɬɧɵɟ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɤɢɧɟɬɢɤɟ ɚɞɫɨɪɛɰɢɢ ɩɚɪɨɜ ɜɨɞɵ ɧɚ ɨɛɪɚɡɰɚɯ Ⱥ-1, Ⱥ-2, Ⱥ-3-Na ɢ Ⱥ-

4-K-9ɋ, ɚ ɬɚɤɠɟ Ⱥ-1-9ɋ ɢ Ⱥ-2-9ɋ ɛɥɢɡɤɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɦɟɧɢɦɨɫɬɢ ɭɪɚɜɧɟɧɢɹ 
Ƚɥɸɤɚɭɮɚ. Ⱦɥɹ ɨɛɪɚɡɰɨɜ Ⱥ-3-Na-9ɋ ɢ Ⱥ-4-K-9ɋ ɬɚɤɨɝɨ ɫɨɜɩɚɞɟɧɢɹ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ.  
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ɚ) ɛ) 

Ɋɢɫ. 1. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɩɨ ɭɪɚɜɧɟɧɢɸ Ƚɥɸɤɚɭɮɚ (ɥɢɧɢɢ) ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 
ɞɚɧɧɵɦɢ (ɬɨɱɤɢ) ɞɥɹ: ɚ) ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ; ɛ) ɨɛɪɚɡɰɨɜ ɫɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɨ ɚɞɫɨɪɛɰɢɢ ɩɚɪɨɜ ɜɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɢɧɟɬɢɤɢ ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɨɛɪɚɡɰɨɜ ɚɥɸɦɨɨɤɫɢɞɧɵɯ ɨɫɭɲɢɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɭɪɚɜɧɟɧɢɟ Ƚɥɸɤɚɭɮɚ. ȼɵɹɜɥɟɧɨ, 
ɱɬɨ ɞɥɹ ɨɛɪɚɡɰɨɜ Ⱥ-1 ɢ Ⱥ-2, ɜɡɹɬɵɯ ɞɨ ɢ ɩɨɫɥɟ ɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɨ ɚɞɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ 
ɩɚɪɨɜ ɜɨɞɵ ɧɚ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɧɟ 
ɢɡɦɟɧɢɥɚɫɶ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɚɪɚɦ ɜɨɞɵ 

ɨɛɪɚɡɰɨɜ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɳɟɥɨɱɧɵɦɢ ɢɨɧɚɦɢ, ɜɵɲɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɬɨɦ, ɱɬɨ ɳɟɥɨɱɧɨɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɸɦɨɨɤɫɢɞɧɵɯ 
ɨɫɭɲɢɬɟɥɟɣ. 
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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɬɜɟɪɞɨɮɚɡɧɨɦɭ ɫɢɧɬɟɡɭ, ɚɬɬɟɫɬɚɰɢɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɜɢɫɦɭɬɫɨɞɟɪɠɚɳɢɯ ɧɢɨɛɚɬɨɜ ɧɢɤɟɥɹ ɧɚ ɨɫɧɨɜɟ Ni4-xBi0,67xNb2O9 (x = 0,05; 0,1; 0,2; 0,5). ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ 
ɚɬɬɟɫɬɨɜɚɧɵ ɦɟɬɨɞɨɦ ɊɎȺ. Ɉɩɪɟɞɟɥɟɧ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ, ɢɡɭɱɟɧɚ 
ɯɢɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɛɪɚɡɰɨɜ ɜ ɤɢɫɥɵɯ ɫɪɟɞɚɯ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. ɂɡɦɟɪɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɂɋɗ: ɨɛɥɚɫɬɶ ɥɢɧɟɣɧɨɫɬɢ ɢ 
ɤɪɭɬɢɡɧɚ ɨɫɧɨɜɧɨɣ ɷɥɟɤɬɪɨɞɧɨɣ ɮɭɧɤɰɢɢ, ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ pH. 

This paper reports the solid-state synthesis, characterization, and electrochemical properties of bismuth-containing 

based nickel niobates with the general formula Ni4-xBi0,67xNb2O9 (x = 0,05; 0,1; 0,2; 0,5). The materials have been tested by 

X-ray diffraction. We have determined the particle size composition of powder samples, assessed their chemical stability in 

acid media and measured their electrical conductivity as a function of temperature. We have analyzed the main 

electrochemical characteristics of ISEs: linear region and the slope of the main electrode function, working range of pH. 

 

ȼ ɚɧɚɥɢɡɟ ɨɛɴɟɤɬɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ 
ɜɟɫɶɦɚ ɩɟɪɫɩɟɤɬɢɜɧɨ ɩɪɢɦɟɧɟɧɢɟ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ, ɨɬɥɢɱɚɸɳɟɝɨɫɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɷɤɫɩɪɟɫɫɧɨɫɬɶɸ ɢ ɩɪɨɫɬɨɬɨɣ ɩɪɢɛɨɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ. 
Ɉɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɢɨɧɨɦɟɬɪɢɢ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɭɠɟ 
ɢɡɜɟɫɬɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɟɧɫɨɪɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɢ 
ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɷɤɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɒɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɦɟɬɨɞɚ ɨɬɤɪɵɜɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɨɧɨɫɟɥɟɤɬɢɜɧɵɯ ɷɥɟɤɬɪɨɞɨɜ (ɂɋɗ) ɧɚ ɨɫɧɨɜɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɫɨɫɬɚɜɚ Ni4-xBi0,67xNb2O9 (x = 0,05; 0,1; 

0,2; 0,5) ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 600 °ɋ ɞɨ 1400 °ɋ 
ɩɨ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ: 

(4-ɯ) NiO +
3

2 ɯ Bi2O3 + Nb2O5 → Ni4-xBi0,67xNb2O9. 

ɉɪɨɜɟɞɟɧ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ (ɊɎȺ) ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Equinox-3000 ɜ Cu-Kα ɢɡɥɭɱɟɧɢɢ. 
ɉɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ 1400ɨɋ ɩɨɥɭɱɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɨɞɧɨɮɚɡɧɵɟ ɨɛɪɚɡɰɵ, ɢɡɨɫɬɪɭɤɬɭɪɧɵɟ 
ɦɚɬɪɢɱɧɨɣ ɮɚɡɟ Ni4Nb2O9 ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɧɨɣ ɮɚɡɵ (ɪɢɫ.1). 
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Ɋɢɫ.1. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɨɛɪɚɡɰɨɜ Ni4-xBi0,67xNb2O9 

 

ɂɡɝɨɬɨɜɥɟɧɵ ɭɝɨɥɶɧɨ-ɩɚɫɬɨɜɵɟ ɷɥɟɤɬɪɨɞɵ (ɍɉɗ) ɫ ɪɚɡɥɢɱɧɵɦ ɦɚɫɫɨɜɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɦɨɞɢɮɢɤɚɬɨɪɚ (ɬɚɛɥ.1) ɢ ɩɥɟɧɨɱɧɵɟ ɷɥɟɤɬɪɨɞɵ ɫ ɬɜɟɪɞɵɦ ɤɨɧɬɚɤɬɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪɧɨɣ 
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ɦɚɬɪɢɰɵ ɢɫɩɨɥɶɡɨɜɚɥɢ: ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ (ɉȼɏ), ɩɨɥɢɫɬɢɪɨɥ (ɉɋ) ɢ ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬ 
(ɉɆɆȺ). 

Ɍɚɛɥɢɰɚ 1 

ɋɨɫɬɚɜ ɭɝɨɥɶɧɨ-ɩɚɫɬɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ 

ɋɨɞɟɪɠɚɧɢɟ 
ɦɨɞɢɮɢɤɚɬɨɪɚ, 

% ɦɚɫɫ. 

ɋɨɞɟɪɠɚɧɢɟ 

ɭɝɥɹ, % ɦɚɫɫ. 

ɋɨɞɟɪɠɚɧɢɟ 
ɫɜɹɡɭɸɳɟɝɨ 
ɤɨɦɩɨɧɟɧɬɚ, % ɦɚɫɫ. 

10 

30 

60 

20 50 

30 40 

 

ɂɡɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɨɛɥɚɫɬɶ ɥɢɧɟɣɧɨɫɬɢ ɢ ɤɪɭɬɢɡɧɚ 
ɨɫɧɨɜɧɨɣ ɷɥɟɤɬɪɨɞɧɨɣ ɮɭɧɤɰɢɢ (ɈɗɎ), ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ pH, ɬɢɩ ɷɥɟɤɬɪɨɞɧɨɣ ɮɭɧɤɰɢɢ ɢ ɜɪɟɦɹ 

ɨɬɤɥɢɤɚ. Ɇɟɬɨɞɨɦ ɫɦɟɲɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫ ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɟɲɚɸɳɟɝɨ ɢɨɧɚ 

ɨɩɪɟɞɟɥɟɧɵ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ Na+, NH4
+, 

Cu2+, Zn2+. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɟɧɨɱɧɵɯ ɢ ɭɝɨɥɶɧɨ-

ɩɚɫɬɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ. 
ɉɨɤɚɡɚɧɚ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɆɆȺ ɢ ɉȼɏ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɢɨɧɨɦɟɬɪɢɢ ɫɪɟɞɢ ɩɥɟɧɨɱɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɜɟɪɞɵɣ 
ɪɚɫɬɜɨɪ ɫɨɫɬɚɜɚ Ni3,5Bi0,3333Nb2O9: ɨɛɥɚɫɬɶ ɥɢɧɟɣɧɨɫɬɢ ɈɗɎ ɫɨɫɬɚɜɢɥɚ ɱɟɬɵɪɟ ɩɨɪɹɞɤɚ (1∙10-1 – 

1∙10-5 ɦɨɥɶ/ɞɦ3) ɫ ɤɪɭɬɢɡɧɨɣ, ɛɥɢɡɤɨɣ ɤ ɬɟɨɪɟɬɢɱɟɫɤɨɣ. Ɋɚɛɨɱɚɹ ɨɛɥɚɫɬɶ pH ɫɨɫɬɚɜɢɥɚ 2,7 – 4,5. 
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ɍȾɄ 543.4:542.61 

 

ɂɁɍɑȿɇɂȿ ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɈȼȺɇɂə ɀȿɅȿɁȺ (III) ɋ  
3-((E)-2-ȽɂȾɊɈɄɋɂȻȿɇɁɂɅɂȾȿɇ)ȽɂȾɊɈɁɈɇɈ)ɂɇȾɈɅɂɇ-2-ɈɇɈɆ 

 

ɑ.Ⱥ. Ɇɚɦɟɞɨɜɚ1, Ɏ.ɋ. Ⱥɥɢɟɜɚ1, ɇ.ɇ. ɗɮɟɧɞɢɟɜɚ2, ɇ.Ƚ. ɒɵɯɚɥɢɟɜ1, Ɏ.Ɇ.ɑɵɪɚɝɨɜ1 

1Ȼɚɤɢɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ 

Ⱥɡɟɪɛɚɣɞɠɚɧ, Ȼɚɤɭ, Ⱥz.1143, ɭɥ. Ɂ. ɏɚɥɢɥɨɜɚ 
2Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɉɟɞɨɝɨɝɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ 

e-mail: Chinara.mamedova.86@mail.ru 

 
ɋɢɧɬɟɡɢɪɨɜɚɧ ɧɨɜɵɣ ɪɟɚɝɟɧɬ ɧɚ ɨɫɧɨɜɟ ɫɚɥɢɰɢɥɨɜɨɝɨ ɚɥɶɞɟɝɢɞɚ ɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢɡɭɱɟɧɨ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɷɬɨɝɨ ɪɟɚɝɟɧɬɚ ɫ ɠɟɥɟɡɨɦ (III). ɂɫɫɥɟɞɨɜɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɠɟɥɟɡɚ (III) ɫ 3-((ȿ)-2-

ɝɢɞɪɨɤɫɢɛɟɧɡɢɥɢɞɟɧ)ɝɢɞɪɨɡɨɧɨ)ɢɧɞɨɥɢɧ-2-ɨɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢ ɨɬɫɭɬɫɬɜɢɢ ɞɢɚɧɬɢɩɢɪɢɥɦɟɬɚɧɚ (ȾȺɆ) ɢ 8-

ɨɤɫɢɯɢɧɨɥɢɧɚ ɢ ɞɢɮɟɧɢɥɝɭɚɧɢɞɢɧɚ (ȾɎȽ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɠɟɥɟɡɨ (III) ɫ ɪɟɚɝɟɧɬɨɦ ɨɛɪɚɡɭɟɬ ɨɤɪɚɲɟɧɧɵɟ 
ɪɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɟɬɶɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɚɬɨɯɪɨɦɧɵɣ ɫɞɜɢɝ ɜ 
ɫɩɟɤɬɪɟ ɩɨɝɥɨɳɟɧɢɹ ɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɫɞɜɢɝɚɟɬɫɹ ɜ ɤɢɫɥɭɸ ɫɪɟɞɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɛɢɧɚɪɧɵɦ ɤɨɦɩɥɟɤɫɨɦ. 
Ɋɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɠɟɥɟɡɚ (III) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

A new reagent on the base of salicylic aldehyde was synthesized and a complex formation of this reagent with iron (III) 

was studied. The interaction of this reagent- 3 - ((E) -2-hydroxybenzylidene) hydrazone) indoline- 2-one with iron (III) in the 

presence and in the absence of diantipyrilmethane (DAM), 8-hydroxyquinoline and diphenylguanidine (DPG) has been 

studied. It was established that the iron (III) ions form a colored mixedligand complexes with this reagent in the presence of 

the third components and a bathochromic shift in the absorption spectra was observed. Also the maximum yield of these 

complexes observed in the more acidic medium in comparison with the binary complex. The mixed ligand complexes of iron 

(III) demonstrate high analytical characteristics. 

 

ɀɟɥɟɡɨ(III) ɹɜɥɹɟɬɫɹ ɢɨɧɨɦ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬ ɩɪɨɱɧɵɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɫɜɹɡɢ ɫ ɥɸɛɵɦɢ 
ɞɨɧɨɪɧɵɦɢ ɚɬɨɦɚɦɢ ɥɢɝɚɧɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɪɟɚɝɟɧɬɚɦɢ. 

Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɞɥɹ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɤɢɫɥɨɪɨɞɨɫɨɞɟɪɠɚɳɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɪɟɚɝɟɧɬɵ. ɂɡɭɱɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɨɞɧɨɪɨɞɧɵɯ ɢ ɪɚɡɧɨɥɢɝɚɧɞɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɪɟɦɟɧɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɍɫɬɚɧɨɜɥɟɧɵ ɫɨɫɬɚɜɵ ɤɨɦɩɥɟɤɫɨɜ 
ɦɟɬɨɞɚɦɢ ɢɡɨɦɨɥɹɪɧɵɯ ɫɟɪɢɣ ɢ ɋɬɚɪɢɤɚ-Ȼɚɪɛɚɧɟɥɹ. Ɉɩɪɟɞɟɥɟɧ ɢɧɬɟɪɜɚɥ ɩɨɞɱɢɧɹɟɦɨɫɬɢ ɡɚɤɨɧɭ 
Ȼɟɪɚ (ɬɚɛɥ.1).  
 

Ɍɚɛɥɢɰɚ 1 

ɋɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ 
Ʉɨɦɩɥɟɤɫ pɇ 

max
λ , ɧɦ 

MeR
ε  

ɋɨɫɬɚɜ 

ɤ-ɫɨɜ 

ɉɨɞɱɢɧɟɧɢɟ  ɡɚɤɨɧɭ Ȼɟɪɚ, 
ɦɤɝ/ɦɥ 

Fe(III)-R 5 331 12500 1:2 0,448-1,792 

Fe(III)-R-ȾȺɆ 3 376 18000 1:1:2 0,112-2,24 

Fe(III)-R-8-

ɨɤɫɢɯɢɧɨɥɢɧ 

4 467 22000 1:2:2 0,179-2,24 

Fe(III)-R-ȾɎȽ 3 369 16000 1:1:1 0,224-2,24 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɦɢ ɤɨɦɩɥɟɤɫɨɜ Fe(III)-R-8-ɨɤɫɢɯɢɧɨɥɢɧ ɨɬɥɢɱɚɟɬɫɹ 
ɫɜɨɢɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɬ ɞɪɭɝɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɉɧ ɢɡɛɢɪɚɬɟɥɶɧɟɟ ɢ 
ɱɭɜɫɬɜɢɬɟɥɶɧɟɟ. 

ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɨɫɬɨɪɨɧɧɵɯ ɢɨɧɨɜ ɢ ɦɚɫɤɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɠɟɥɟɡɚ (III) ɜ ɜɢɞɟ ɛɢɧɚɪɧɨɝɨ ɢ ɫɦɟɲɚɧɧɨɥɢɝɚɧɞɧɨɝɨ ɤɨɦɩɥɟɤɫɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɚɧɬɢɩɢɪɢɥɮɟɧɢɥɦɟɬɚɧɚ ɢ 8-ɨɤɫɢɯɢɧɨɥɢɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶ 
ɪɟɚɤɰɢɢ (ɬɚɛɥ. 2.). 
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Ɍɚɛɥɢɰɚ 2.  
Ⱦɨɩɭɫɬɢɦɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɩɨɫɬɨɪɨɧɧɢɯ ɢɨɧɨɜ ɤ ɠɟɥɟɡɭ (III) ɩɪɢ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɢ ɜ ɜɢɞɟ 

ɨɞɧɨɪɨɞɧɨ- ɢ ɫɦɟɲɚɧɧɨɥɢɝɚɧɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ (ɩɨɝɪɟɲɧɨɫɬɶ 5%) 
ɉɨɫɬɨɪɨɧɧɢɟ ɢɨɧɵ Fe(III)-R Fe(III)-R-ȾȺɆ Fe(III)-R-8-ɨɤɫɢɯɢɧɨɥɢɧ Fe(III)-R-ȾɎȽ 

Na(I) * * * * 

K(I) * * * * 

Mg(II) * * * * 

Ca(II) * * * * 

Cd(II) 1200 2200 2500 2200 

Al(III) 500 1000 1200 1200 

Co(II) 114 265 290 280 

Ni(II) 143 280 300 265 

Mn(II) 1000 1250 1400 1250 

ɋu(II) ɦɟɲɚɟɬ ɦɟɲɚɟɬ ɦɟɲɚɟɬ ɦɟɲɚɟɬ 

Cr(III) 139 155 406 158 

Bi(III) 1000 1200 1200 1000 

W(VI) 240 700 980 840 

Mo(VI) 150 250 750 200 

F- 2000 2000 2000 2000 

Ʌɢɦɨɧɧɚɹ ɤɢɫɥɨɬɚ 380 1500 1500 380 

ȼɢɧɧɚɹ ɤɢɫɥɨɬɚ  170 230 245 230 

*ɇɟ  ɦɟɲɚɟɬ 

 

Ⱦɚɧɧɵɟ ɩɨ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɢɬɶ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɦɟɬɨɞɢɤɭ 
ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɥɟɡɚ (III) ɜ ɜɢɞɟ ɪɚɡɧɨɥɢɝɚɧɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɟɝɨ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜ ɜ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɚɯ.   
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ɍȾɄ 543.645.9 

 

ɇɈȼɕɃ ɉɈȾɏɈȾ Ʉ ɈɉɊȿȾȿɅȿɇɂɘ ȺɇɌɂɈɄɋɂȾȺɇɌɇɕɏ ɉȺɊȺɆȿɌɊɈȼ ɄɈɀɂ 

 

Ɇ.Ƚ. Ɇɚɪɤɢɧɚ1, Ɍ.Ⱥ. Ɍɸɬɪɸɦɨɜɚ2, ɇ.ɘ. ɋɬɨɠɤɨ1, ɏ.Ɂ. Ȼɪɚɣɧɢɧɚ1,2 
1 ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 620144, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. 8 Ɇɚɪɬɚ, ɞ. 62. 
2 ɍɪɚɥɶɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 620002, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, ɞ. 19. 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɧɟɢɧɜɚɡɢɜɧɵɣ ɩɨɞɯɨɞ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɨɠɢ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɤɨɠɢ ɫ ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬɨɦ (III) ɤɚɥɢɹ, ɧɚɧɨɫɢɦɵɦ ɧɚ ɤɨɠɭ. 
ɂɫɬɨɱɧɢɤɨɦ ɢɧɮɨɪɦɚɰɢɢ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɩɨɬɟɧɰɢɚɥɚ ɜ ɫɢɫɬɟɦɟ ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬ (II)/(III) ɤɚɥɢɹ, ɜɨɡɧɢɤɚɸɳɟɣ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ ɤɨɠɢ ɢ ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬɨɦ (III) ɤɚɥɢɹ. 

A new non-invasive approach to the determination of skin antioxidant activity has been proposed. It is based on the 

interaction of skin antioxidants with potassium hexacyanoferrate (III), applied to the skin. The source of the information is 

the potential in the system of hexacyanoferrate (II)/(III) potassium, which results from a chemical reaction between skin 

antioxidants and potassium hexacyanoferrate (III). 

 

ɂɧɬɟɪɟɫ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɨɛɭɫɥɨɜɥɟɧ 
ɪɹɞɨɦ ɩɪɢɱɢɧ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ) ɜ ɩɪɨɰɟɫɫɟ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɨɪɝɚɧɢɡɦɚ. ȺɎɄ ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɷɥɟɦɟɧɬɨɦ ɮɚɝɨɰɢɬɨɡɚ. Ɉɞɧɚɤɨ, ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɨɢɫɯɨɞɢɬ ɢɡɛɵɬɨɱɧɚɹ ɝɟɧɟɪɚɰɢɹ 
ȺɎɄ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɩɨɜɪɟɠɞɟɧɢɸ ɤɥɟɬɨɱɧɵɯ ɫɬɪɭɤɬɭɪ. Ȼɚɥɚɧɫ ɦɟɠɞɭ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɢ ɭɧɢɱɬɨɠɟɧɢɟɦ ȺɎɄ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ 
ɫɢɫɬɟɦɚ. ɉɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɦ ɫɨɫɬɚɜɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞ ɱɟɥɨɜɟɤɚ 
ɜɟɫɶɦɚ ɜɚɠɧɨ ɞɥɹ ɨɰɟɧɤɢ ɨɛɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɸɬ ɪɚɡɪɚɛɨɬɤɟ ɧɟɢɧɜɚɡɢɜɧɵɯ ɦɟɬɨɞɨɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ ɛɵɫɬɪɨ ɢ ɜɧɟ ɥɚɛɨɪɚɬɨɪɢɢ. ɍɞɨɛɧɵɦ ɨɛɴɟɤɬɨɦ ɞɥɹ ɬɚɤɨɝɨ 
ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɤɨɠɚ ɱɟɥɨɜɟɤɚ – ɨɪɝɚɧ, ɨɬɪɚɠɚɸɳɢɣ ɭɪɨɜɟɧɶ ɡɞɨɪɨɜɶɹ ɜɫɟɝɨ ɨɪɝɚɧɢɡɦɚ. Ɉɛɥɚɫɬɶ 
ɧɟɢɧɜɚɡɢɜɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɤɨɠɢ ɫɥɚɛɨ ɩɪɨɪɚɛɨɬɚɧɚ, ɛɨɥɶɲɢɧɫɬɜɨ 
ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢɧɜɚɡɢɜɧɵɟ, ɬɪɭɞɨɡɚɬɪɚɬɧɵɟ, ɬɪɟɛɭɸɬ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɣ. 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɧɟɢɧɜɚɡɢɜɧɵɣ ɩɨɞɯɨɞ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ 
ɷɥɟɤɬɪɨɚɤɬɢɜɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ – ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ (ȺɈȺ) – ɤɨɠɢ ɱɟɥɨɜɟɤɚ 
ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɤɨɠɢ ɫ 
ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬɨɦ (III) ɤɚɥɢɹ, ɧɚɧɨɫɢɦɵɦ ɧɚ ɤɨɠɭ. ɂɧɮɨɪɦɚɰɢɟɣ ɨɛ ȺɈȺ ɤɨɠɢ ɫɥɭɠɢɬ 
ɜɟɥɢɱɢɧɚ ɩɨɬɟɧɰɢɚɥɚ ɫɢɫɬɟɦɵ ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬɚ (II)/(III) ɤɚɥɢɹ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɤɨɠɢ ɫ ɢɡɛɵɬɤɨɦ ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬɚ (III) 

ɤɚɥɢɹ. ɉɪɢ ɷɬɨɦ ɪɚɫɱɟɬ ɜɟɥɢɱɢɧɵ ȺɈȺ ɤɨɠɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, 
ɩɨɫɬɪɨɟɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɨɜ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. ȼɵɛɪɚɧɵ ɪɚɛɨɱɢɟ ɩɚɪɚɦɟɬɪɵ 
ɦɟɬɨɞɢɤɢ: ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬɚ (III) ɤɚɥɢɹ ɜ ɪɚɫɬɜɨɪɟ, ɧɟɣɬɪɚɥɶɧɵɣ ɷɥɟɤɬɪɨɥɢɬ ɢ ɟɝɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ. ȼɪɟɦɹ ɢɡɦɟɪɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 5 ɦɢɧɭɬ. ɉɨɤɚɡɚɧɨ ɨɬɫɭɬɫɬɜɢɟ ɜɥɢɹɧɢɹ ɪɇ ɫɪɟɞɵ ɢ 
ɪɹɞɚ ɤɨɦɩɨɧɟɧɬɨɜ ɝɢɞɪɨɥɢɩɢɞɧɨɣ ɦɚɧɬɢɢ ɤɨɠɢ ɱɟɥɨɜɟɤɚ (ɚɦɢɧɨɤɢɫɥɨɬ, ɩɪɨɞɭɤɬɨɜ ɛɟɥɤɨɜɨɝɨ 
ɨɛɦɟɧɚ) ɧɚ ɢɡɦɟɪɹɟɦɭɸ ɜɟɥɢɱɢɧɭ ɩɨɬɟɧɰɢɚɥɚ. Ɉɬɫɭɬɫɬɜɢɟ ɦɚɬɪɢɱɧɵɯ ɷɮɮɟɤɬɨɜ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɩɪɚɜɨɦɟɪɧɨɫɬɶ ɢ ɤɨɪɪɟɤɬɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɪɚɫɱɟɬɚ ɜɟɥɢɱɢɧ 
ȺɈȺ ɤɨɠɢ ɱɟɥɨɜɟɤɚ. 
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ɄɈɈɊȾɂɇȺɐɂə ɌɂɈɅȺɌɇɕɏ ɂ ɂɁɈɇɂɌɊɂɅɖɇɕɏ ɅɂȽȺɇȾɈȼ Ʉ 
ɈɄɌȺɗȾɊɂɑɋɄɂɆ ɄɅȺɋɌȿɊȺɆ ɆɈɅɂȻȾȿɇȺ, ȼɈɅɖɎɊȺɆȺ ɂ Ɋȿɇɂə 

 

Ⱥ.Ⱦ. Ɇɢɪɨɧɨɜɚ1, Ɇ.Ⱥ. Ɇɢɯɚɣɥɨɜ1, Ɇ.ɇ. ɋɨɤɨɥɨɜ1,2 
1 ɎȽȻɍɇ ɂɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ Ⱥ. ȼ. ɇɢɤɨɥɚɟɜɚ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. Ʌɚɜɪɟɧɬɶɟɜɚ, 3. 
2 ɎȽȻɍɇ ȼɉɈ ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. ɉɢɪɨɝɨɜɚ, 2. 
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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɨɤɬɚɷɞɪɢɱɫɤɢɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ ɢ ɪɟɧɢɹ. Ⱦɚɧɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

The work is devoted to the study of octahedral cluster complexes of molybdenum, tungsten and rhenium. These 

compounds have luminescent properties and can be used to create practically important functional materials. 

 

ɋɢɧɬɟɡ, ɫɬɪɨɟɧɢɟ, ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɤɥɚɫɬɟɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ – ɨɞɧɨ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ɉɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɢɡɭɱɟɧɢɹ 
ɹɜɥɹɸɬɫɹ ɲɟɫɬɢɹɞɟɪɧɵɟ ɢɨɞɢɞɧɵɟ ɤɥɚɫɬɟɪɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ, [{M6I8}I6]

2-. Ɋɟɞɨɤɫ- ɢ 
ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɥɚɫɬɟɪɧɵɯ ɹɞɟɪ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɟɧɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɚ ɢɯ ɨɫɧɨɜɟ. 

Ɉɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɥɚɫɬɟɪɵ ɪɟɧɢɹ [{Re6Q8}L6]
n (Q = S, Se, Te) ɨɛɥɚɞɚɸɬ ɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɜ ɨɛɥɚɫɬɢ ɤɪɚɫɧɨɝɨ ɢ ɛɥɢɠɧɟɝɨ ɂɄ ɞɢɚɩɚɡɨɧɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɍɎ-ɢɡɥɭɱɟɧɢɹ [1]. 
Ɏɨɬɨɫɟɧɫɢɛɢɥɢɡɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɥɨɪɨɞɚ. 

ɇɚɦɢ ɩɨɥɭɱɟɧɵ ɝɟɤɫɚɡɚɦɟɳёɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ, ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɟ 
ɬɢɨɥɚɬɧɵɦɢ ɩɨɥɢɮɬɨɪɡɚɦɟɳёɧɧɵɦɢ ɥɢɝɚɧɞɚɦɢ (ɪɢɫ. 1). 

 

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɥɚɫɬɟɪɨɜ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɫ ɬɢɨɥɚɬɧɵɦɢ ɥɢɝɚɧɞɚɦɢ ɢ ɫɬɪɭɤɬɭɪɚ 
ɩɨɥɭɱɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɨɥɢɛɞɟɧɚ ɫ ɩɨɥɢɮɬɨɪɡɚɦɟɳёɧɧɵɦ ɛɢɮɟɧɢɥɬɢɨɥɚɬɧɵɦ ɥɢɝɚɧɞɨɦ 

 

Ɉɛɪɚɛɨɬɤɚ ɰɢɚɧɢɞɧɨɝɨ ɪɟɧɢɟɜɨɝɨ ɤɥɚɫɬɟɪɚ ɬɟɬɪɚɮɬɨɪɛɨɪɚɬɨɦ ɬɪɢɦɟɬɢɥɨɤɫɨɧɢɹ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɤɚɬɢɨɧɧɵɣ ɤɥɚɫɬɟɪɧɵɣ ɤɨɦɩɥɟɤɫ ɪɟɧɢɹ (ɪɢɫ. 2). 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɢɡɭɱɢɥɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɪɚɫɬɟɧɢɹ ɰɢɤɨɪɢɹ (Cychorium intybus L.), ɩɪɨɢɡɪɚɫɬɚɸɳɟɝɨ ɜ 

Ⱥɥɦɚɬɵ, ɜ ɧɚɢɛɨɥɟɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ ɦɟɫɬɧɨɫɬɢ Ⱥɥɦɚɬɢɧɫɤɨɣ ɨɛɥɚɫɬɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɰɢɤɨɪɢɢ ɫɨɞɟɪɠɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɢɫɚɯɚɪɢɞɚ ɢɧɭɥɢɧ. ɉɪɢɱɟɦ ɜ ɤɨɪɧɹɯ ɫɨɞɟɪɠɚɧɢɟ 
ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɶɸ ɪɚɫɬɟɧɢɣ. ɂɡɭɱɟɧ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ 
ɢɧɭɥɢɧɚ ɢɡ ɰɢɤɨɪɢɹ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɜɵɫɢɬɶ ɜɵɯɨɞ ɢ ɱɢɫɬɨɬɭ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɦɢ  

ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɷɤɫɬɪɚɤɰɢɢ ɢɧɭɥɢɧɚ ɹɜɥɹɸɬɫɹ ɪɇ 6,5 ɢ ɬɟɦɩɟɪɚɬɭɪɚ – 750 ºC. 

ɐɢɤɨɪɢɣ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ. ȿɝɨ ɩɨɥɶɡɚ ɨɛɭɫɥɨɜɥɟɧɚ 
ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɢɦɦɭɧɨɫɬɢɦɭɥɢɪɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɦɭ ɭɧɢɤɚɥɶɧɨɦɭ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ, ɷɬɨ ɪɚɫɬɟɧɢɟ ɨɛɥɚɞɚɟɬ ɠɟɥɱɟɝɨɧɧɵɦ, ɦɨɱɟɝɨɧɧɵɦ, 
ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ, ɥɟɝɤɢɦ ɭɫɩɨɤɚɢɜɚɸɳɢɦ ɢ ɪɚɧɨɡɚɠɢɜɥɹɸɳɢɦ ɞɟɣɫɬɜɢɟɦ. 

ɇɚɣɞɟɧɧɵɣ ɧɚɦɢ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɢɧɭɥɢɧɚ ɢɡ ɤɨɪɧɟɣ ɢ ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɢ ɰɢɤɨɪɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɜɵɯɨɞ 
ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɞɨ 18%, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɦɟɸɳɢɦɢɫɹ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ, ɢ 
ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧёɦ ɤɨɥɢɱɟɫɬɜɚ ɦɨɧɨɫɚɯɚɪɢɞɨɜ ɞɨ 0,025%. 

In this work, we studied the chemical composition of the plant of chicory (Cychorium intybus L.), which grows in Almaty, 

in the most ecologically clean area of the Almaty region. According to the results of our study, it was found that chicory 

contains a significant amount of polysaccharide inulin. Moreover, in the roots, the content of this substance is somewhat 

larger in comparison to the above-ground part of the plants. An improved method for the preparation of inulin from chicory 

has been studied, which makes it possible to increase the yield and purity of the final product. It is shown that the optimal 

conditions for inulin extraction are pH 6.5 and a temperature of 750 ºC. 

Chicory is widely used in many branches of human life. Its benefit is due to the high content of various trace elements, 

which have immunostimulating properties. Due to its unique chemical composition, this plant can demonstrates choleretic, 

diuretic, anti-inflammatory, mild sedative and wound-healing effect. 

The method developed for inulin extraction from the roots and above-ground part of chicory allows us to increase the 

yield of the desired product to 18%, which is significantly higher than the available literature data, and to reduce the amount 

of monosaccharides to 0.025%. 

 

ɉɨ ɞɚɧɧɵɦ ȼɫɟɦɢɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɰɢɨɧɚɥɶɧɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɸɛɨɝɨ ɝɨɫɭɞɚɪɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɧɚ ɟɝɨ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɦ ɪɵɧɤɟ ɧɟ ɦɟɧɟɟ 
20% ɩɪɟɩɚɪɚɬɨɜ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɬɚɧɨɜɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧɨɣ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɦɟɪɟ ɞɥɢɬɟɥɶɧɵɦ, ɬɪɭɞɨɟɦɤɢɦ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɦ 
ɩɪɨɰɟɫɫɨɦ, ɨɞɧɚɤɨ ɜ ɊɄ ɞɥɹ ɪɚɡɜɢɬɢɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɛɚɡɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ GMP ɢ, ɜ ɫɢɥɭ ɷɬɨɝɨ, ɫɨɡɞɚɧɢɹ 
ɭɫɥɨɜɢɣ ɞɥɹ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ, ɟɫɬɶ ɭɧɢɤɚɥɶɧɚɹ ɮɥɨɪɚ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɛɨɥɟɟ 100 
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɪɚɫɬɟɧɢɣ. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɪɚɫɬɟɧɢɣ ɹɜɥɹɟɬɫɹ ɪɚɫɬɟɧɢɟ ɜɢɞɚ 
ɰɢɤɨɪɢɣ ɨɛɵɤɧɨɜɟɧɧɵɣ (Cichorium Intybus L.) ɫɟɦɟɣɫɬɜɚ Ⱥɫɬɪɨɜɵɟ (Asteraceae), ɯɚɪɚɤɬɟɪɧɨɣ 
ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɜ ɟɝɨ ɜɟɝɟɬɚɬɢɜɧɵɯ ɨɪɝɚɧɚɯ ɱɥɟɧɢɫɬɵɯ ɦɥɟɱɧɵɯ 

ɫɨɫɭɞɨɜ, ɜɵɞɟɥɹɸɳɢɯ ɦɥɟɱɧɵɣ ɫɨɤ, ɢ ɞɨɦɢɧɢɪɭɸɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɢɫɚɯɚɪɢɞɚ ɢɧɭɥɢɧɚ. 
ɂɧɭɥɢɧ ɭɥɭɱɲɚɟɬ ɭɫɜɨɹɟɦɨɫɬɶ ɦɚɝɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɛɢɮɢɞɨɛɚɤɬɟɪɢɣ ɜ 
ɤɢɲɟɱɧɢɤɟ, ɫɧɢɠɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɩɚɬɨɝɟɧɧɵɯ ɛɚɤɬɟɪɢɣ, ɨɛɥɚɞɚɟɬ ɚɧɬɢɤɨɚɝɭɥɹɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, 
ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɦɢ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɨɜɹɧɵɯ ɫɝɭɫɬɤɨɜ, ɭɥɭɱɲɚɟɬ ɭɝɥɟɜɨɞɧɵɣ ɢ ɥɢɩɢɞɧɵɣ 
ɦɟɬɚɛɨɥɢɡɦ ɢ ɧɨɪɦɚɥɢɡɭɟɬ ɭɪɨɜɟɧɶ ɫɚɯɚɪɚ ɜ ɤɪɨɜɢ ɭ ɛɨɥɶɧɵɯ ɫɚɯɚɪɧɵɦ ɞɢɚɛɟɬɨɦ [1-4].  

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɫɭɛɫɬɚɧɰɢɢ ɢɡ ɤɨɪɧɟɣ ɢ 
ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɪɚɫɬɟɧɢɣ ɰɢɤɨɪɢɹ, ɪɚɧɧɟɟ ɧɟ ɢɡɭɱɟɧɧɵɯ ɜ Ʉɚɡɚɯɫɬɚɧɟ, ɢ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɜɵɞɟɥɟɧɢɹ ɢɡ ɧɢɯ ɢɧɭɥɢɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ, ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɵɦ ɢ ɡɧɚɱɢɦɵɦ. ȼɚɪɶɢɪɨɜɚɧɢɟɦ ɩɪɢɪɨɞɵ ɷɤɫɬɪɚɝɟɧɬɚ, ɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫ ɫɵɪɶɟɦ, 
ɜɪɟɦɟɧɢ ɢ ɤɪɚɬɧɨɫɬɢ ɷɤɫɬɪɚɤɰɢɢ ɧɚɣɞɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɷɤɫɬɪɚɤɰɢɢ ɫɭɛɫɬɚɧɰɢɢ ɜ ɜɢɞɟ 
ɫɭɯɨɝɨ ɷɤɫɬɪɚɤɬɚ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɞɟɥɟɧɢɹ ɢɧɭɥɢɧɚ. Ɇɟɬɨɞ, ɧɚɣɞɟɧɧɵɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɧɭɥɢɧɚ, 
ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɜɵɯɨɞ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɞɨ 18%, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

mailto:jakonyajakonya27@gmail.com


ȻɒɄɏ – 2017                                                          ɋɟɤɰɢɹ 4. ɇɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ 

 340 

ɢɦɟɸɳɢɦɢɫɹ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ, ɢ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧёɦ ɤɨɥɢɱɟɫɬɜɚ ɦɨɧɨɫɚɯɚɪɢɞɨɜ 
ɞɨ 0,025%. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɢɧɭɥɢɧɚ ɢɡ ɤɨɪɧɟɩɥɨɞɨɜ ɰɢɤɨɪɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɜɵɯɨɞ 
ɢ ɱɢɫɬɨɬɭ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ.  

ȼ ɤɨɪɧɹɯ ɢ ɥɢɫɬɶɹɯ ɢɫɫɥɟɞɭɟɦɵɯ ɪɚɫɬɟɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɢɧɭɥɢɧɚ 18%, ɞɭɛɢɥɶɧɵɟ 
ɜɟɳɟɫɬɜɚ ɜ ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɢ 0,89% ɢ ɜ ɤɨɪɧɹɯ 1,53%; ɜ ɰɜɟɬɤɚɯ ɧɚɣɞɟɧɵ ɤɭɦɚɪɢɧɨɜɵɟ ɝɥɢɤɨɡɢɞɵ.  
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ɉɪɟɞɥɨɠɟɧ ɮɥɭɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɢɳɟɜɵɯ ɚɡɨɤɪɚɫɢɬɟɥɟɣ ɩɨɧɫɨ 4R (ȿ124), 
ɤɚɪɦɭɚɡɢɧɚ (ɚɡɨɪɭɛɢɧɚ, ȿ122), ɬɚɪɬɪɚɡɢɧɚ (ȿ102) ɢ ɠɟɥɬɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɡɚɤɚɬɚ (ȿ110) ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ, 
ɤɨɬɨɪɵɣ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɚɫɢɬɟɥɟɣ ɜ ɩɢɳɟɜɵɯ 
ɩɪɨɞɭɤɬɚɯ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɪɚɛɨɱɢɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ: ɞɥɢɧɚ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ ɞɥɹ ȿ122 ɢ ȿ124 – 330 ɧɦ, 
ɢɧɬɟɪɜɚɥ ɪɟɝɢɫɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɨɬ 350 ɞɨ 500 ɧɦ; ɞɥɢɧɚ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ ɞɥɹ ȿ102 – 240 ɧɦ, ȿ110 – 250 ɧɦ, 
ɢɧɬɟɪɜɚɥ ɪɟɝɢɫɬɪɚɰɢɢ ɫɢɝɧɚɥɚ ɨɬ 270 ɞɨ 450 ɧɦ. Ⱥɧɚɥɢɡ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɤɪɚɫɢɬɟɥɟɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ 
ɠɢɞɤɨɫɬɢ «Ɏɥɸɨɪɚɬ-02-ɉɚɧɨɪɚɦɚ» (ɈɈɈ «Ʌɸɦɷɤɫ-ɦɚɪɤɟɬɢɧɝ» ɝ. ɋɚɧɤɬ ɉɟɬɟɪɛɭɪɝ). ɉɨɤɚɡɚɧɚ ɫɯɨɞɢɦɨɫɬɶ 
ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɱɟɬɵɪɟɯ ɩɢɳɟɜɵɯ ɚɡɨɤɪɚɫɢɬɟɥɟɣ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ ɮɥɭɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɢ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ. 

A fluorimetric method for the determination of synthetic food azo dyes of ponso 4R (E124), carmoisine (azorubine, 

E122), tartrazine (E102) and yellow sunset (E110) in food products is distinguished. It is highly sensitive and selective. To 

determine the dyes in food stuffs, the working conditions for the analysis were chosen: the excitation wavelength for E122 

and E124 is 330 nm, the logging interval is 350 to 500 nm; the excitation wavelength for E102 is 240 nm, E110 is 250 nm, 

the logging interval is from 270 to 450 nm. Analysis of synthetic dyes was carried out on a Fluorat-02-Panorama Fluid 

Analyzer (OOO Lumex-marketing, St. Petersburg). The convergence of the results of determination of four food azo dyes in 

food products by fluorimetric and spectrophotometric methods of analysis is shown. 

 

ɉɢɳɟɜɵɦɢ ɤɪɚɫɢɬɟɥɹɦɢ ɧɚɡɵɜɚɸɬ ɩɪɢɪɨɞɧɵɟ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɵɟ (ɫɢɧɬɟɬɢɱɟɫɤɢɟ) ɜɟɳɟɫɬɜɚ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɩɪɢɞɚɧɢɹ, ɭɫɢɥɟɧɢɹ ɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɤɪɚɫɤɢ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ [1]. 
ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɬɭɪɚɥɶɧɵɦɢ ɤɪɚɫɢɬɟɥɹɦɢ, ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɤɪɚɫɢɬɟɥɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 
ɫɬɨɣɤɨɫɬɶɸ ɤ ɪɚɡɥɢɱɧɵɦ ɜɢɞɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɛɪɚɛɨɬɨɤ, ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɚɫɫɨɪɬɢɦɟɧɬɚ, 
ɱɢɫɬɨɬɨɣ ɢ ɩɨɫɬɨɹɧɫɬɜɨɦ ɰɜɟɬɚ, ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ [2]. 

Ⱥɡɨɤɪɚɫɢɬɟɥɢ — ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɪɚɫɢɬɟɥɢ, ɜ ɦɨɥɟɤɭɥɟ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬɫɹ 
ɨɞɧɚ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɚɡɨɝɪɭɩɩ (N = N). ɉɨɥɭɱɚɸɬ ɚɡɨɤɪɚɫɢɬɟɥɢ ɫɨɱɟɬɚɧɢɟɦ ɞɢɚɡɨɬɢɪɨɜɚɧɧɵɯ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ ɫ ɮɟɧɨɥɚɦɢ ɢɥɢ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɚɦɢɧɚɦɢ ɜ ɜɨɞɧɨɣ, ɫɥɚɛɨɳɟɥɨɱɧɨɣ ɢɥɢ 
ɫɥɚɛɨɤɢɫɥɨɣ ɫɪɟɞɟ [3]. 

ɋɚɦɵɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɪɹɞɚ ɚɡɨɤɪɚɫɢɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɤɪɚɫɢɬɟɥɢ 
ɤɪɚɫɧɵɯ ɨɬɬɟɧɤɨɜ: Ʉɚɪɦɭɚɡɢɧ (Ⱥɡɨɪɭɛɢɧ, ȿ122) ɢ ɉɨɧɫɨ 4R (ȿ124), ɚ ɬɚɤɠɟ ɤɪɚɫɢɬɟɥɢ ɠɟɥɬɵɯ 
ɨɬɬɟɧɤɨɜ: Ɍɚɪɬɪɚɡɢɧ (ȿ102) ɢ ɀɟɥɬɵɣ ɫɨɥɧɟɱɧɵɣ ɡɚɤɚɬ (ȿ110). Ⱦɚɧɧɵɟ ɤɪɚɫɢɬɟɥɢ, ɤɚɤ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨ, ɬɚɤ ɢ ɜ ɫɦɟɫɢ, ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɨɤɪɚɲɢɜɚɧɢɹ 
ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɨɞɢɜɲɢɟɫɹ ɭɧɢɜɟɪɫɢɬɟɬɨɦ ɋɚɭɬɝɟɦɩɬɨɧɚ ɩɨ ɡɚɤɚɡɭ ɚɝɟɧɬɫɬɜɚ ɩɨ ɩɢɳɟɜɵɦ 
ɫɬɚɧɞɚɪɬɚɦ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ (FSA) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɩɨɬɪɟɛɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɞɚɧɧɵɯ 
ɚɡɨɤɪɚɫɢɬɟɥɟɣ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɝɢɩɟɪɚɤɬɢɜɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɧɢɦɚɧɢɹ ɭ 
ɞɟɬɟɣ [4]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɟɞɢɧɨɣ ɷɬɢɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 
ɩɢɳɟɜɵɯ ɤɪɚɫɢɬɟɥɟɣ ɜ ɦɢɪɟ. Ʉɪɚɫɢɬɟɥɢ ȿ122, ȿ124, ȿ102 ɢ ȿ110 ɡɚɩɪɟɳɟɧɵ ɜ ɩɢɳɟɜɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ, ɧɨ ɜ Ɋɨɫɫɢɢ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɤɪɚɫɢɬɟɥɢ ɪɚɡɪɟɲɟɧɵ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɨɣ ɧɨɪɦɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɷɤɫɩɪɟɫɫɧɵɯ, ɧɟɞɨɪɨɝɢɯ ɢ ɬɨɱɧɵɯ ɦɟɬɨɞɨɜ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɤɪɚɫɢɬɟɥɟɣ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ 
ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ.  

Ɏɥɭɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɢɳɟɜɵɯ ɤɪɚɫɢɬɟɥɟɣ (ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɟ, ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɢ ɤɚɩɢɥɥɹɪɧɵɣ ɷɥɟɤɬɪɨɮɨɪɟɡ) ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, 
ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɩɪɨɫɬɨɬɨɣ ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ. 
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http://www.medical-enc.ru/1/aminy.shtml
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ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɮɥɭɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɢɳɟɜɵɯ ɤɪɚɫɢɬɟɥɟɣ ɤɚɪɦɭɚɡɢɧɚ (ȿ122), ɩɨɧɫɨ 4R (ȿ124), ɬɚɪɬɪɚɡɢɧɚ (ȿ102) ɢ 
ɠɟɥɬɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɡɚɤɚɬɚ (ȿ110) ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧɵ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɪɚɫɢɬɟɥɟɣ, ɩɪɨɜɨɞɢɥɢ ɫɢɧɯɪɨɧɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɩɪɢ ɫɥɟɞɭɸɳɢɯ 
ɭɫɥɨɜɢɹɯ: ɜɨɡɛɭɠɞɟɧɢɟ ɨɬ 180 ɞɨ 800 ɧɦ, ɱɢɫɥɨ ɜɫɩɵɲɟɤ 10, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ Ɏɗɍ 
(ɮɨɬɨɩɪɢɟɦɧɢɤ ɮɥɭɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɤɚɧɚɥɚ) ɜɵɫɨɤɚɹ. ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ ɫɤɚɧɢɪɨɜɚɧɢɹ 
ɛɵɥɢ ɧɚɣɞɟɧɵ ɞɥɢɧɵ ɜɨɥɧ ɜɨɡɛɭɠɞɟɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ 
ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɚɫɢɬɟɥɟɣ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ. Ⱥɡɨɤɪɚɫɢɬɟɥɢ ɤɪɚɫɧɵɯ 
ɨɬɬɟɧɤɨɜ (ȿ122 ɢ ȿ124) ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɞɥɢɧɨɣ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ 330 ɧɦ ɮɥɭɨɪɟɫɰɢɪɨɜɚɥɢ ɧɚ 
ɞɥɢɧɟ ɜɨɥɧɵ 420 ɧɦ; ɤɪɚɫɢɬɟɥɢ ɠɟɥɬɵɣ ɨɬɬɟɧɤɨɜ (ȿ102 ɢ ȿ110) ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ ɞɥɢɧɚɦɢ ɜɨɥɧ 
240 ɧɦ ɢ 250 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɮɥɭɨɪɟɫɰɢɪɨɜɚɥɢ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 350 ɧɦ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɤɪɚɫɢɬɟɥɟɣ ɜ ɨɛɪɚɡɰɚɯ ɧɚɩɢɬɤɨɜ ɢ ɤɚɪɚɦɟɥɢ ɫ ɩɨɦɨɳɶɸ 
ɝɪɚɞɭɢɪɨɜɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɤɪɚɫɢɬɟɥɹ ɝɨɬɨɜɢɥɚɫɶ ɫɟɪɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɤɪɚɫɢɬɟɥɟɣ ɜ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɬ 0,10 
ɞɨ 1,00 ɦɝ/ɥ ɢ ɢɡɦɟɪɹɥɚɫɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɤɪɚɫɢɬɟɥɟɣ ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.  

Ɍɚɛɥɢɰɚ 1 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɚɫɢɬɟɥɟɣ ɤɚɪɦɭɚɡɢɧɚ, ɩɨɧɫɨ 4R, ɠɟɥɬɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɡɚɤɚɬɚ ɢ 
ɬɚɪɬɪɚɡɢɧɚ (ɦɝ/ɥ) ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ ɮɥɭɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ 

ɚɧɚɥɢɡɚ, n=3, p=0,95, tɬɚɛɥ=4,3. 

 

ɉɢɳɟɜɨɣ 
ɤɪɚɫɢɬɟɥɶ 

ɇɚɩɢɬɨɤ 
Ɏɥɭɨɪɢɦɟɬɪɢɱɟɫɤɚɹ 
ɦɟɬɨɞɢɤɚ, ɋ (ɦɝ/ɥ) 

 

Sr ɋɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɚɹ 
ɦɟɬɨɞɢɤɚ, ɋ (ɦɝ/ɥ) 

 

Sr 

 

tɪɚɫɱ 

 

ɉɨɧɫɨ 4R 

(ȿ-124) 

«ɉɪɢɹɬɧɵɣ ɞɟɧɶ» 
(Ɍɪɨɩɢɱɟɫɤɢɣ ɦɢɤɫ) 11,17±1,42 

 

0,09 10,86±0,28 
 

0,02 

 

1,35 

«əɩɨɧɫɤɚɹ ɝɪɭɲɚ» 30,05±0,09 
 

0,01 30,03±0,03 
 

0,02 

 

1,41 

Ʉɚɪɦɭɚɡɢɧ 
(ɚɡɨɪɭɛɢɧ, 

ȿ-122) 

«Ʉɨɪɨɥɟɜɫɤɢɣ 
ɩɢɧɝɜɢɧ» (ȼɢɲɧɹ) 46,46±1,33 

 

0,02 44,48±0,65 
 

0,01 

 

1,34 

«ɒɚɦɩɭɫɟɧɨɤ» 
(ȼɢɲɧɹ, ɚɪɛɭɡ) 4,05±0,27 

 

0,04 4,15±0,12 
 

0,02 

 

1,42 

ɀɟɥɬɵɣ 
ɫɨɥɧɟɱɧɵɣ 

ɡɚɤɚɬ  
(ȿ-110) 

«Mirinda» 45,29±1,42 
 

0,02 44,78±1,86 
 

0,03 

 

1,37 

«ɒɚɦɩɭɫɟɧɨɤ» 
(Ɍɪɨɩɢɤ) 3,26±0,21 

 

0,04 
3,03±0,17 

 

0,04 

 

1,28 

 

Ɍɚɪɬɪɚɡɢɧ 
(ȿ-102) 

Ʉɚɪɚɦɟɥɶ 
«Ʌɢɦɨɧɧɚɹ» 

55,40±1,29 
 

0,02 54,39±1,15 
 

0,01 

 

1,37 

Ɇɚɪɦɟɥɚɞ 
«Ɇɧɨɝɨɫɥɨɣɧɵɣ» 

46,34±0,83 
 

0,01 44,24±1,10 
 

0,02 

 

1,33 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɩɪɨɞɭɤɬɨɜ ɫɨɞɟɪɠɚɧɢɟ ɤɪɚɫɢɬɟɥɟɣ ɧɟ ɩɪɟɜɵɲɚɟɬ 
ɞɨɩɭɫɬɢɦɨɣ ɧɨɪɦɵ: ɞɥɹ ɛɟɡɚɥɤɨɝɨɥɶɧɵɯ ɧɚɩɢɬɤɨɜ – 50 ɦɝ/ɥ; ɞɥɹ ɤɚɪɚɦɟɥɢ – 300 ɦɝ/ɤɝ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ. 3.11.1. ɋɚɧɉɢɇ 2.3.2.1293-03. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɛɥɸɞɚɟɬɫɹ ɫɯɨɞɢɦɨɫɬɶ ɦɟɠɞɭ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɮɥɭɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɨɣ ɦɟɬɨɞɢɤ ɨɩɪɟɞɟɥɟɧɢɹ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɡɞɚɜɚɟɦɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ 
ɤɚɱɟɫɬɜɟɧɧɨɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɤɪɚɫɢɬɟɥɟɣ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ ɛɟɡ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɨɠɧɨɣ ɢ ɬɪɭɞɨёɦɤɨɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɇɚɣɞɟɧɧɵɟ ɞɥɢɧɵ ɜɨɥɧ ɜɨɡɛɭɠɞɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɤɪɚɫɢɬɟɥɟɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɡɜɨɥɢɥɢ 
ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɞɜɭɯ ɤɪɚɫɢɬɟɥɟɣ ɩɨɧɫɨ 4R ɢ ɠɟɥɬɨɝɨ 
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ɫɨɥɧɟɱɧɨɝɨ ɡɚɤɚɬɚ ɜ ɫɦɟɫɢ, ɱɬɨ ɬɪɭɞɧɨɞɨɫɬɢɠɢɦɨ ɢɡɜɟɫɬɧɵɦ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
ɚɧɚɥɢɡɚ.  
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ɂɡɭɱɟɧ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɫɜɢɧɟɰ-ɪɨɞɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɮɢɬɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢɡ 

ɫɨɥɹɧɨɤɢɫɥɵɯ ɪɚɫɬɜɨɪɨɜ. ɋɨɜɦɟɫɬɧɨɟ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɟ ɬɚɤɨɣ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɚɧɨɞɧɵɯ ɩɢɤɨɜ ɧɚ ɜɨɥɶɬɚɦɩɟɪɧɨɣ ɤɪɢɜɨɣ, ɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ, ɱɟɦ ɩɢɤ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɫɜɢɧɰɚ 
ɜ ɱɢɫɬɨɣ ɮɚɡɟ. ȼɵɹɜɥɟɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ ɬɨɤɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɢɤɨɜ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɢɨɧɨɜ ɪɨɞɢɹ (III) ɜ ɪɚɫɬɜɨɪɟ. 

The process of electrooxidation of a binary lead-rhodium system on the surface of a graphite electrode from 

hydrochloric acid solutions was studied. The combined electrooxidation of such a binary system leads to the appearance on 

the current-voltage curve of additional anode peaks, which are more positive than the peak of electrooxidation of lead in the 

pure phase. The proportional dependence of the increase in the currents of additional peaks on the concentration of rhodium 

(III) ions in the solution was revealed. 

 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ, ɩɨɡɜɨɥɹɸɳɢɦ 
ɨɩɪɟɞɟɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ ɜɟɳɟɫɬɜ ɧɚ ɭɪɨɜɧɟ ɞɟɫɹɬɵɯ ɢ ɫɨɬɵɯ ɦɤɝ/ɥ, ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɢɧɜɟɪɫɢɨɧɧɨɣ 
ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ (ɂȼ), ɢɦɟɸɳɢɣ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɨɟ ɢ ɧɟɞɨɪɨɝɨɟ ɚɩɩɚɪɚɬɭɪɧɨɟ 
ɨɮɨɪɦɥɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɢɤ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɞɚɧɧɵɦ ɦɟɬɨɞɨɦ. Ɉɞɧɚɤɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɨɞɢɹ ɷɬɢɦ ɦɟɬɨɞɨɦ ɜɨɡɧɢɤɚɸɬ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ. Ɂɚɮɢɤɫɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɪɨɞɢɹ (III) ɧɚ 
ɝɪɚɮɢɬɨɜɨɦ ɷɥɟɤɬɪɨɞɟ (Ƚɗ) ɧɚ ɜɨɥɶɬɚɦɩɟɪɧɵɯ ɤɪɢɜɵɯ ɧɟ ɭɞɚɟɬɫɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɚɪɚɥɥɟɥɶɧɨ 
ɩɪɨɬɟɤɚɸɳɢɦ ɩɪɨɰɟɫɫɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɤɪɵɜɚɧɢɸ 

ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɪɨɞɢɹ (III) ɜɵɞɟɥɹɸɳɢɦɫɹ ɜɨɞɨɪɨɞɨɦ. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɨɫɚɞɤɚ ɪɨɞɢɹ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɩɨɬɟɧɰɢɚɥɚɯ ɛɨɥɟɟ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ, ɱɟɦ ɩɥɸɫ 1 ȼ, ɢ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫɨɦ ɜɵɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɩɪɟɞɟɥɟɧɢɟ ɢɨɧɨɜ ɪɨɞɢɹ (III) ɨɫɭɳɟɫɬɜɥɹɸɬ ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟɦ ɪɨɞɢɹ ɫɨɜɦɟɫɬɧɨ ɫ 
ɦɟɧɟɟ ɛɥɚɝɨɪɨɞɧɵɦ ɦɟɬɚɥɥɨɦ (ɦɟɬɚɥɥɨɦ-ɚɤɬɢɜɚɬɨɪɨɦ), ɨɤɢɫɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɝɪɚɮɢɬɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɬɶ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɛɢɧɚɪɧɨɝɨ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɨɫɚɞɤɚ ɫɜɢɧɟɰ-ɪɨɞɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɮɢɬɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢ ɨɰɟɧɢɬɶ 
ɩɪɢɪɨɞɭ ɧɚɛɥɸɞɚɟɦɵɯ ɚɧɨɞɧɵɯ ɩɢɤɨɜ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɢɧɜɟɪɫɢɨɧɧɨɣ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ, ɞɥɹ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɪɨɞɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɚɯ. 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ, ɬɢɩɚ ɌȺ-4 (ɇɉɉ «Ɍɨɦɶɚɧɚɥɢɬ», 
ɝ. Ɍɨɦɫɤ) ɫ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɹɱɟɣɤɨɣ. Ɋɚɛɨɱɢɦ ɷɥɟɤɬɪɨɞɨɦ ɫɥɭɠɢɥ ɝɪɚɮɢɬɨɜɵɣ ɷɥɟɤɬɪɨɞ, 
ɢɦɩɪɟɝɧɢɪɨɜɚɧɧɵɣ ɩɚɪɚɮɢɧɨɦ ɢ ɩɨɥɢɷɬɢɥɟɧɨɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; ɷɥɟɤɬɪɨɞɨɦ ɫɪɚɜɧɟɧɢɹ ɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɷɥɟɤɬɪɨɞɨɦ ɫɥɭɠɢɥɢ ɧɚɫɵɳɟɧɧɵɟ ɯɥɨɪɢɞɫɟɪɟɛɪɹɧɧɵɟ ɷɥɟɤɬɪɨɞɵ. Ɋɚɛɨɱɢɟ 
ɪɚɫɬɜɨɪɵ ɫɜɢɧɰɚ (II) ɢ ɪɨɞɢɹ (III) ɝɨɬɨɜɢɥɢɫɶ ɪɚɡɛɚɜɥɟɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɮɢɪɦɵ 
«Merck» 1 Ɇ ɪɚɫɬɜɨɪɨɦ HCl. ȼɫɟ ɢɫɩɨɥɶɡɭɟɦɵɟ ɪɟɚɤɬɢɜɵ ɢɦɟɸɬ ɦɚɪɤɭ «ɯ.ɱ.» ɢɥɢ «ɨɫ. ɱ.». 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɷɥɟɤɬɪɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɫɩɥɚɜɚ ɫɜɢɧɟɰ-ɪɨɞɢɣ ɩɪɨɜɨɞɢɥɢɫɶ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɧɚ 1Ɇ HCl. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɨɛɪɚɡɭɸɳɢɯɫɹ ɤɨɦɩɥɟɤɫɧɵɯ 
ɢɨɧɨɜ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɶɸ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ. 

ɗɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɛɢɧɚɪɧɨɝɨ ɫɩɥɚɜɚ ɪɨɞɢɣ-ɫɜɢɧɟɰ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɢɡ ɪɚɫɬɜɨɪɨɜ 
ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɨɧɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɯɥɨɪɢɞɚ ɪɨɞɢɹ (III) ɢ ɢɨɧɨɜ 
ɫɜɢɧɰɚ (II) ɜ ɪɟɠɢɦɟ «in situ» ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɩɪɟɞɟɥɶɧɨɝɨ ɬɨɤɚ ɫɜɢɧɰɚ (ȿɗ = -1,0 ȼ). ȼ ɤɚɱɟɫɬɜɟ 
ɮɨɧɨɜɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɬɜɨɪ 1 Ɇ HCl. Ⱥɧɨɞɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɛɢɧɚɪɧɨɝɨ ɨɫɚɞɤɚ 
ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɥɢɧɟɣɧɨ ɦɟɧɹɸɳɟɦɫɹ ɩɨɬɟɧɰɢɚɥɟ (v = 0,06 ȼ/ɫ) ɜ ɞɢɚɩɚɡɨɧɟ ɩɨɬɟɧɰɢɚɥɨɜ ɨɬ 
ɦɢɧɭɫ 0,65 ɞɨ ɦɢɧɭɫ 0,50 ȼ ɨɬɧ. ɧɚɫ. ɯ.ɫ.ɷ. 
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ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɨɥɶɬɚɦɩɟɪɧɚɹ ɤɪɢɜɚɹ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɨɫɚɞɤɚ ɪɨɞɢɣ-ɫɜɢɧɟɰ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɮɢɬɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɧɚ ɜɨɥɶɬɚɦɩɟɪɧɨɣ ɤɪɢɜɨɣ ɜ ɨɛɥɚɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɨɬ ɦɢɧɭɫ 0,65 ȼ ɞɨ 
ɩɥɸɫ 0,50 ȼ ɧɚɛɥɸɞɚɟɬɫɹ ɱɟɬɵɪɟ ɩɢɤɚ. ɉɢɤ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɦɢɧɭɫ 0,50 ȼ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɰɟɫɫɭ 
ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɫɜɢɧɰɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ Ƚɗ. ɉɢɤɢ ɩɪɢ ɩɨɬɟɧɰɢɚɥɚɯ ɦɢɧɭɫ 0,42 ȼ ɢ ɦɢɧɭɫ 0,30 ȼ 

ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɨɩɢɫɚɧɵ. ɉɢɤ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɩɥɸɫ 0,2 ȼ ɢɡɜɟɫɬɟɧ ɜ ɥɢɬɟɪɚɬɭɪɟ ɤɚɤ ɩɢɤ 
ɚɞɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ ɧɚ ɪɨɞɢɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɦɚɤɫɢɦɭɦɵ ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɪɨɞɢɹ (III), ɬɚɤ ɢ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɫɜɢɧɰɚ (II). Ⱦɚɧɧɵɟ 
ɤɪɢɜɵɟ ɩɨɥɭɱɟɧɵ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ 
ɤɨɧɰɟɧɬɪɚɰɢɣ Pb:Rh ɜ ɪɚɫɬɜɨɪɟ 100:1. ȼ 
ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 10-6-10-4 ɦɨɥɶ/ɥ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɬɨɤɚɦɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɚɧɨɞɧɵɯ ɦɚɤɫɢɦɭɦɨɜ 
ɩɪɢ ɩɨɬɟɧɰɢɚɥɚɯ ɦɢɧɭɫ 0,42 ȼ ɢ ɦɢɧɭɫ 
0,30 ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɢɨɧɨɜ ɪɨɞɢɹ (III) ɜ 
ɪɚɫɬɜɨɪɟ.  

ȼ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɰɟɥɹɯ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ ɪɨɞɢɹ (III) ɧɚɦɢ 
ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɦɦɚɪɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɨɞ ɨɛɨɢɦɢ 
ɩɢɤɚɦɢ ɩɪɢ ɩɨɬɟɧɰɢɚɥɚɯ ɦɢɧɭɫ 0,42 ȼ ɢ 
ɦɢɧɭɫ 0,30. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɛɥɢɡɤɢɦ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɷɬɢɯ ɩɢɤɨɜ, ɚ ɬɚɤɠɟ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɜɚɠɧɨ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɭɞɚɟɬɫɹ 

ɩɨɥɭɱɢɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ 
ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɨɞɢɹ ɜ 
ɪɚɫɬɜɨɪɟ. 

ɂɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɨɞɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɪɭɝɢɯ ɩɥɚɬɢɧɨɜɵɯ 
ɦɟɬɚɥɥɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɪɭɲɟɧɢɹ 
ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɟ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɩɥɚɬɢɧɵ 
(IV, II), ɩɚɥɥɚɞɢɹ (II) ɢ ɡɨɥɨɬɚ (III) ɜ 
ɫɨɨɬɧɨɲɟɧɢɹɯ Rh:Pt = 1:1, Rh:Pd = 1:10, 

Rh:Au = 1:10.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Ɋɢɫ. 1. Ⱥɧɨɞɧɵɟ ɜɨɥɶɬɚɦɩɟɪɧɵɟ ɤɪɢɜɵɟ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ  
ɨɫɚɞɤɚ ɪɨɞɢɣ-ɫɜɢɧɟɰ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɮɢɬɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ. 
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ɍȾɄ 54.04 

 

ɄɂɋɅɈɌɇɈ-ɈɋɇɈȼɇɕȿ ɋȼɈɃɋɌȼȺ  
ɎɍɇɄɐɂɈɇȺɅɂɁɂɊɈȼȺɇɇɕɏ ɉɈɅɂɗɌɂɅȿɇɂɆɂɇɈȼ 

 

ȿ.Ⱥ. ɉɨɥɭɹɧɨɜɚ1, ɇ.ȼ. Ʌɚɤɢɡɚ1, Ⱥ.ȼ. ɉɟɫɬɨɜ2 
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ɂɫɫɥɟɞɨɜɚɧɵ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɉɗɂ ɢ ɟɝɨ ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɚɧɚɥɨɝɚ ɉɆɉɗɂ – 0,4. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɨɫɧɨɜɧɨɫɬɢ ɢɨɧɢɬɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢ, ɦɟɬɨɞɨɦ ɨɬɞɟɥɶɧɵɯ ɧɚɜɟɫɨɤ. ɋ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ Ƚɟɧɞɟɪɫɨɧɚ-Ƚɚɫɫɟɥɶɛɚɯɚ ɪɚɫɫɱɢɬɚɧɵ ɤɨɧɫɬɚɧɬɵ ɨɫɧɨɜɧɨɫɬɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɯ 
ɢɨɧɢɬɨɜ, ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɵɯ ɪɚɜɧɨ 7,44 ɢ 7,09, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

The acid-base properties of PEI and its functionalized analogue PMPEI -0.4 have been studied. The determination of 

the basicity constant of ion exchangers was carried out potentiometrically with the method of separate weighed portions. 

Using the Henderson-Hasselbach equation the basicity constants of the complexing ion exchangers were calculated as 7.44 

and 7.09, respectively. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɟɬɫɹ ɚɤɬɢɜɧɵɣ ɩɨɢɫɤ ɦɚɬɟɪɢɚɥɨɜ, ɫɩɨɫɨɛɧɵɯ ɢɡɜɥɟɤɚɬɶ ɢɨɧɵ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɉɨɞɨɛɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɜ ɫɥɭɱɚɟ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɵɯ ɧɢɠɟ ɩɪɟɞɟɥɚ ɨɛɧɚɪɭɠɟɧɢɹ 
ɦɟɬɨɞɚ, ɬɚɤ ɢ ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɡ ɨɛɴɟɤɬɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɢɯ ɢɨɧɨɜ. 

ɋɩɨɫɨɛɧɨɫɬɶ ɢɡɜɥɟɤɚɬɶ ɢɨɧɵ ɦɟɬɚɥɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɨɫɬɨɹɧɢɟɦ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɜ 
ɪɚɫɬɜɨɪɟ, ɧɨ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɝɪɭɩɩ ɫɨɪɛɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɟɥɟɤɬɢɜɧɵɟ 
ɫɜɨɣɫɬɜɚ ɯɟɥɚɬɧɵɯ ɫɨɪɛɟɧɬɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ⱦɥɹ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɫɨɪɛɟɧɬɨɜ ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɬɢɬɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɧɚɥɢɱɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɪɭɩɩ ɜ ɫɨɪɛɟɧɬɟ, 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɷɬɢɯ ɝɪɭɩɩ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɬɶ ɤɨɧɫɬɚɧɬɵ ɢɨɧɢɡɚɰɢɢ ɢɨɧɨɝɟɧɧɵɯ ɝɪɭɩɩ ɢ ɩɨɥɧɭɸ 
ɨɛɦɟɧɧɭɸ ɟɦɤɨɫɬɶ. 

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɢɷɬɢɥɟɧɢɦɢɧɚ (ɉɗɂ) 
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ɢ ɩɢɪɢɞɢɥɦɟɬɢɥɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɢɦɢɧɚ ɫɨ ɫɬɟɩɟɧɶɸ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ n = 0,4 (ɉɆɉɗɂ–
0,4) 
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Ʉɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɢɡɭɱɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɨɦ 
ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɧɚɜɟɫɨɤ 0,05 ɦɨɥɶ/ɞɦ3 ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ 
ɤɢɫɥɨɬɵ ɫ ɢɨɧɧɨɣ ɫɢɥɨɣ ɪɚɫɬɜɨɪɚ 0,05 ɦɨɥɶ/ɞɦ3 KCl. 

Ⱦɥɹ ɨɛɨɢɯ ɫɨɪɛɟɧɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɢɧ ɫɤɚɱɨɤ (ɪɢɫ. 1). Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ 
ɫɢɫɬɟɦɚɯ ɧɟɨɛɯɨɞɢɦɨ ɨɤɨɥɨ ɞɜɭɯ ɧɟɞɟɥɶ. ɉɨɞɨɛɧɨɟ ɩɨɜɟɞɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɲɢɬɵɯ ɩɨɥɢɦɟɪɨɜ. 
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ɉɨɥɭɱɟɧɧɵɟ ɤɪɢɜɵɟ ɬɢɬɪɨɜɚɧɢɹ ɉɗɂ ɢ ɉɆɉɗɂ–0,4 ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɤɨɧɫɬɚɧɬ ɨɫɧɨɜɧɨɣ ɢɨɧɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɝɪɭɩɩ ɩɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦɭ 
ɭɪɚɜɧɟɧɢɸ Ƚɟɧɞɟɪɫɨɧɚ – Ƚɚɫɫɟɥɶɛɚɯɚ, ɩɨɡɜɨɥɹɸɳɟɦɭ ɪɚɫɫɱɢɬɚɬɶ ɭɫɥɨɜɧɭɸ ɤɨɧɫɬɚɧɬɭ ɢɨɧɢɡɚɰɢɢ 
(ɪɢɫ.1). 
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Дɨɛɚɜɥɟɧɨ НСl, ɦɦɨɥь/ɝ ɫɭхɨɝɨ ɚɧиɨɧиɬɚ
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Дɨɛɚɜɥеɧɨ HCl, ɦɦɨɥь/ɝ ɫɭхɨɝɨ ɚɧиɨɧиɬɚ  
(ɚ) (ɛ) 

Ɋɢɫ. 1. Ʉɪɢɜɵɟ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɉɗɂ (ɚ) ɢ ɉɆɉɗɂ–0,4 (ɛ) 0,05 ɦɨɥɶ/ɞɦ3  

ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ (ȝ = 0,05 ɦɨɥɶ/ɞɦ3 KCl) 

 

ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɨɫɧɨɜɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɤɪɢɜɨɣ 
ɬɢɬɪɨɜɚɧɢɹ ɩɨ ɭɪɚɜɧɟɧɢɸ Ƚɟɧɞɟɪɫɨɧɚ – Ƚɚɫɫɟɥɶɛɚɯɚ (ɪɢɫ. 2), ɪɚɜɧɨ 7,44 ɞɥɹ ɉɗɂ ɢ 7,09 ɞɥɹ 
ɉɆɉɗɂ–0,4. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ pOH ɪɚɜɧɨɜɟɫɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɬ ɜɟɥɢɱɢɧɵ 

1

lg   

ɩɪɢ ɬɢɬɪɨɜɚɧɢɢ ɉɗɂ (ɚ) ɢ ɉɆɉɗɂ–0,4 (ɛ) 
 

ɋɨɩɨɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɨɫɧɨɜɧɨɫɬɢ ɞɥɹ ɞɚɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɩɢɪɢɞɢɥɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɦɚɬɪɢɰɭ ɉɗɂ ɫɨ ɫɬɟɩɟɧɶɸ 
ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ 0,4 ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɧɨ ɩɨɜɵɲɚɟɬ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɉɗɂ. 
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ɍȾɄ 546.824-31 
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ȼ ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ 

ɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɥɹɦɢ. ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɧɚ ɫɨɪɛɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɢɨɧɨɨɛɦɟɧɧɢɤɚ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɧɢɨɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɟɥɚɸɬ ɛɨɥɶɲɢɣ ɜɤɥɚɞ ɜ ɢɡɦɟɧɟɧɢɟ ɫɨɪɛɰɢɨɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

In the present study the inorganic ion-exchangers have been synthesized on the basis of hydrated titanium oxide 

modified with salts. The influence of cations and anions on the sorption characteristics of ion exchangers was evaluated. It is 

shown that anionic components make a greater contribution to the change in the sorption characteristics.  

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɟɧɵ ɢɨɧɨɨɛɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 
ɫɥɨɠɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɢɨɧɚɦ ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɟɬɚɥɥɨɜ. ɋɨɪɛɟɧɬɵ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɶɸ, ɯɨɪɨɲɢɦɢ 
ɤɢɧɟɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɜ 
ɚɝɪɟɫɫɢɜɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɨɪɛɰɢɸ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
ɜɟɳɟɫɬɜ. ɋɨɪɛɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɨɛɵɱɧɨ ɨɛɟɫɩɟɱɢɜɚɸɬ ɯɨɪɨɲɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ, 
ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɢ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɧɚ 
ɫɨɪɛɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ 
ɫɢɧɬɟɡɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ ɢɡɭɱɟɧɵ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 
ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɰɟɬɚɬɚɦɢ: ɧɚɬɪɢɹ, ɚɦɦɨɧɢɹ, ɫɜɢɧɰɚ ɢ 
ɧɢɤɟɥɹ, ɚ ɬɚɤɠɟ ɫɨɥɹɦɢ ɚɦɦɨɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ (ɬɚɛɥ.1,2). 

 

Ɍɚɛɥɢɰɚ 1  

Ɋɟɡɭɥɶɬɚɬɵ ɫɨɪɛɰɢɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 

№ ɩ/ɩ ɋɨɪɛɟɧɬ 
Na+ K+ 

E, % Kd, ɦɥ/ɝ E, % Kd, ɦɥ/ɝ 

ȼɥɢɹɧɢɟ ɤɚɬɢɨɧɨɜ 

1 TiO2 • nH2O 72 259 88 726 

2 TiO2 • nH2O  + CH3COONa - - 83 488 

3 TiO2 • nH2O  + (CH3COO)2Ni 69 223 80 404 

4 TiO2 • nH2O  + CH3COONH4 75 307 86 610 

5 TiO2 • nH2O  + (CH3COO)2Pb 57 131 75 301 

ȼɥɢɹɧɢɟ ɚɧɢɨɧɨɜ 

6 TiO2 • nH2O + NH4Cl 47 88 65 185 

7 TiO2 • nH2O + (NH4)4P2O7 61 156 69 224 

8 TiO2 • nH2O + (NH4)2C4H4O6 55 20 67 205 

 

ɂɫɯɨɞɹ ɢɡ ɬɚɛɥɢɰɵ 1, ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɫɨɪɛɰɢɹ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɞɚɧɧɨɦ ɤɥɚɫɫɟ 
ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ.  

Ⱦɥɹ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɚɛɥ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɹɞɵ ɫɟɥɟɤɬɢɜɧɨɫɬɢ:  
1) Ni2+ < Co2+ < Mn2+ < Cu2+ < Fe3+ < Pb2+ 

2)  Ni2+ < Co2+ < Mn2+ < Cu2+ < Fe3+ < Pb2+ 

3)  Ni2+ < Mn2+ < Co2+ < Cu2+ < Fe3+ < Pb2+ 

4)  Ni2+ < Co2+ < Mn2+ < Cu2+ < Fe3+ < Pb2+ 

5)  Mn2+ < Fe3+ 

mailto:love201941@gmail.com
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6)  Mn2+ < Co2+ < Ni2+ < Cu2+ < Fe3+ < Pb2+ 

7)  Co2+ < Ni2+ < Mn2+ < Fe3+ < Cu2+ < Pb2+ 

8)  Mn2+ < Ni2+ < Co2+ < Fe3+ < Cu2+ < Pb2+ 

Ɍɚɛɥɢɰɚ 2  

Ɋɟɡɭɥɶɬɚɬɵ ɫɨɪɛɰɢɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ 

№ 
ɩ/ɩ 

ɋɨɪɛɟɧɬ 

Mn2+ Fe3+ Cu2+ Ni2+ Co2+ Pb2+ 

E, 

% 

Kd, 

ɦɥ/ɝ 

E, 

% 

Kd, 

ɦɥ/ɝ 

E, 

% 

Kd, 

ɦɥ/ɝ 

E, 

% 

Kd, 

ɦɥ/ɝ 

E, 

% 

Kd, 

ɦɥ/ɝ 

E, 

% 

Kd, 

ɦɥ/ɝ 

ȼɥɢɹɧɢɟ ɤɚɬɢɨɧɨɜ 

1 TiO2 • nH2O 35 55 94 1510 66 195 - - 24 31 99 13800 

2 
TiO2 • nH2O  + 

CH3COONa 
57 133 99 6882 91 982 - - 47 90 99 16889 

3 
TiO2 • nH2O  + 

(CH3COO)2Ni 
18 22 83 498 59 143 - - 28 39 99 19419 

4 
TiO2 • nH2O  + 

CH3COONH4 
17 20 96 2480 80 410 - - 58 138 99 7012 

5 
TiO2 • nH2O  + 

(CH3COO)2Pb 
22 29 90 866 - - - - - - - - 

ȼɥɢɹɧɢɟ ɚɧɢɨɧɨɜ 

6 TiO2 • nH2O + NH4Cl 48 93 89 817 86 592 74 287 73 266 100 38125 

7 
TiO2 • nH2O + 

(NH4)4P2O7 
99 1824 100 100 100 38719 96 2736 91 1053 99 16282 

8 
TiO2 • nH2O + 

(NH4)2C4H4O6 
61 159 84 527 95 2043 61 160 66 192 99 11513 

 

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 2 ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɫɨɪɛɰɢɨɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɤɚɡɵɜɚɸɬ ɚɧɢɨɧɵ.  

Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɧɨ, ɱɬɨ ɜɫɟ ɨɛɪɚɡɰɵ ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɵ. 
ɂɄ-ɫɩɟɤɬɪɵ ɫɧɹɬɵ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ «ɂɧɮɪɚɥɸɦ ɎɌ-801» ɧɚ ɩɪɢɫɬɚɜɤɟ ɧɟɩɨɥɧɨɝɨ ɨɬɪɚɠɟɧɢɹ 

ɜ ɫɪɟɞɟ ɜɨɡɞɭɯɚ. ɂɄ-ɫɩɟɤɬɪɵ ɞɥɹ ɞɜɭɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1.  

       

                             Ⱥ                                                                                  Ȼ 

 
Ɋɢɫ. 1. ɂɄ-ɫɩɟɤɬɪɵ: Ⱥ- ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ; Ȼ- ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɚɰɟɬɚɬɨɦ ɤɨɛɚɥɶɬɚ. 
 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɩɨɝɥɨɳɟɧɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɤɨɥɟɛɚɧɢɣ į(ɇ20) ɜ ɫɩɟɤɬɪɟ 
ɌiO2 • ɇ20 ɧɚɛɥɸɞɚɟɬɫɹ ɝɪɭɩɩɚ ɩɨɥɨɫ ɫ ɦɚɤɫɢɦɭɦɚɦɢ 1686, 1656, 1612 ɫɦ-1. Ɍɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɡɪɟɲɢɜɲɢɯɫɹ ɦɚɤɫɢɦɭɦɨɜ ɭɤɚɡɵɜɚɟɬ ɧɚ ɪɚɡɧɨɨɛɪɚɡɢɟ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɜɨɞɵ ɫ 
ɷɥɟɦɟɧɬɨɦ ɫɬɪɭɤɬɭɪɵ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ (ȽȾɌ). ɉɨɥɨɫɵ ɫ ɦɚɤɫɢɦɭɦɚɦɢ 1686 ɢ 
1656 ɫɦ-1 ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɤ ɢɨɧɚɦ ɝɢɞɪɨɤɫɨɧɢɹ H3O

+. ɉɨɥɨɫɚ ɩɪɢ 1000 ɫɦ-1, ɨɬɧɟɫɟɧɧɚɹ ɤ 
ɞɟɮɨɪɦɚɰɢɨɧɧɨɦɭ ɤɨɥɟɛɚɧɢɸ į(TiOH) ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɱɟɡɚɟɬ. Ʉɨɥɟɛɚɧɢɹ ɜɚɥɟɧɬɧɵɟ Ȟ(TiO) 

ɨɤɬɚɷɞɪɚ TiɈ6 ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɂɄ–ɫɩɟɤɬɪɚɯ ȽȾɌ ɜ ɜɢɞɟ ɞɢɮɮɭɡɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 
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900…500 ɫɦ-1, ɢɦɟɸɳɟɣ ɧɟɫɤɨɥɶɤɨ ɦɚɤɫɢɦɭɦɨɜ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɢɥɶɧɨɟ ɢɫɤɚɠɟɧɢɟ ɬɢɬɚɧ-

ɤɢɫɥɨɪɨɞɧɨɝɨ ɨɤɬɚɷɞɪɚ. ȼ ɫɩɟɤɬɪɟ ȽȾɌ ɜɚɥɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ Ȟ(OH) ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɜɢɞɟ ɲɢɪɨɤɨɣ 
ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ (3995-3000 ɫɦ-1) c ɧɟɫɤɨɥɶɤɢɦɢ ɦɚɤɫɢɦɭɦɚɦɢ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɦɨɠɟɬ ɛɵɬɶ 
ɨɛɭɫɥɨɜɥɟɧ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ȽȾɌ ɬɪɟɯ ɬɢɩɨɜ ɝɢɞɪɨɤɫɨɝɪɭɩɩ: ɚ) ɤɨɧɰɟɜɵɟ Ɉɇ-ɝɪɭɩɩɵ, 
ɧɟ ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɜɨɞɨɪɨɞɧɨɦ ɫɜɹɡɵɜɚɧɢɢ ɫ ɦɚɤɫɢɦɭɦɨɦ 3790ɫɦ-1, ɛ) Ɉɇ-ɝɪɭɩɩɵ, ɩɪɢɧɢɦɚɸɳɢɟ 
ɭɱɚɫɬɢɟ ɜ ɢɧɬɟɧɫɢɜɧɨɦ ɜɨɞɨɪɨɞɧɨɦ ɫɜɹɡɵɜɚɧɢɢ; ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ Ȟ(OH) ɷɬɢɯ ɝɪɭɩɩ ɥɟɠɚɬ ɜ 
ɩɪɟɞɟɥɚɯ 3600 ..3000 ɫɦ-1; ɜ) ɜɚɥɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ Ȟ(OH), ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɩɪɢ ɦɚɤɫɢɦɭɦɟ 3375 

ɫɦ-1 ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɚɝɚɬɶ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ȽȾɌ ɝɪɭɩɩ ɚɬɨɦɨɜ ɩɨ ɫɜɨɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɛɥɢɡɤɢɯ ɤ ɢɨɧɭ ɝɢɞɪɨɤɫɨɧɢɹ H3O

+.  

Ɇɟɬɨɞɨɦ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɢɨɧɢɬɵ – 

ɫɥɚɛɨɤɢɫɥɨɬɧɵɟ ɤɚɬɢɨɧɨɨɛɦɟɧɧɢɤɢ.  
ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɧɚ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɨɩɬɢɦɚɥɶɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɜɚɥ ɨɬ 0,3 ɞɨ 0,7 ɦɨɥɹ. 

ɋɪɟɞɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɪɛɟɧɬɨɜ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ, ɨɛɥɚɞɚɸɳɢɣ 
ɪɹɞɨɦ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ: ɨɧ ɛɢɨɥɨɝɢɱɟɫɤɢ ɧɟɨɩɚɫɟɧ, ɨɬɧɨɫɢɬɫɹ ɤ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɦ 
ɫɨɟɞɢɧɟɧɢɹɦ, ɩɪɨɹɜɥɹɟɬ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɩɪɢɝɨɞɟɧ ɞɥɹ ɨɱɢɫɬɤɢ ɜɨɞɵ ɨɬ ɩɪɢɦɟɫɟɣ 
ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ, ɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɡɥɭɱɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɚɤɬɟɪɢɰɢɞɧɵɟ ɫɜɨɣɫɬɜɚ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Ʉɭɧɰ ȿ.ɘ., ɉɨɩɨɜɚ Ⱥ.ȼ., Ⱦɢɦɨɜɚ Ʌ.Ɇ. ɋɢɧɬɟɡ ɢ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɥɹɦɢ. Ɍɟɡɢɫɵ ɞɨɤɥɚɞɨɜ XXVI Ɋɨɫɫɢɣɫɤɨɣ ɦɨɥɨɞɟɠɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ, ɩɨɫɜɹɳɟɧɧɨɣ 
120-ɥɟɬɢɸ ɫɨ ɞɧɹ ɪɨɠɞɟɧɢɹ ɚɤɚɞɟɦɢɤɚ ɇ.ɇ. ɋɟɦɟɧɨɜɚ.  ȿɤɚɬɟɪɢɧɛɭɪɝ, 27-29 ɚɩɪɟɥɹ 2016 ɝɨɞɚ. ȿɤɚɬɟɪɢɧɛɭɪɝ ɂɡɞ-ɜɨ 
ɍɪɚɥɶɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ  ɭɧɢɜɟɪɫɢɬɟɬɚ. - ɋ. 238-240. 

2. Ɏɟɮɟɥɨɜɚ Ⱥ.Ⱥ., Ʉɭɧɰ ȿ.ɘ., Ⱦɢɦɨɜɚ Ʌ.Ɇ. ɋɨɪɛɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ – 

ɫɟɥɟɤɬɢɜɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɥɢɬɢɸ. Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɡɚɨɱɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ Ɋɚɡɜɢɬɢɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɨɛɳɟɫɬɜɟ: 30 ɧɨɹɛɪɹ 2015 ɝ. Ɇɨɫɤɜɚ. ɋɛɨɪɧɢɤ ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ : Ɋɚɡɜɢɬɢɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɨɛɳɟɫɬɜɟ. – ɋ. 21-27. 

3. Ɏɟɮɟɥɨɜɚ Ⱥ.Ⱥ., Ⱦɢɦɨɜɚ Ʌ.Ɇ. Ɉɰɟɧɤɚ ɫɨɪɛɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɧɬɟɪɤɚɥɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ. 
Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɯɢɦɢɹ ɝɥɚɡɚɦɢ ɦɨɥɨɞɟɠɢ – 2015. Ɍɟɡɢɫɵ ɞɨɤɥɚɞɨɜ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ  ɧɚɭɱɧɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ, ɩɨɫɜɹɳɟɧɧɨɣ 70-ɥɟɬɢɸ ɉɨɛɟɞɵ ɜ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ ɜɨɣɧɟ  ɂɪɤɭɬɫɤ, 18-22 ɦɚɹ 2015. - ɋ.107. 
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Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɢɫɤ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɫɢɧɬɟɡɭ ɧɨɜɵɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 

ɪɟɧɢɹ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɧɚ ɞɟɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɢɯ ɫɬɪɨɟɧɢɹ ɢ ɫɜɨɣɫɬɜ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ 
ɩɧɢɤɬɨɝɟɧɢɞɧɵɟ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɪɟɧɢɹ, ɢ ɤɨɦɩɥɟɤɫɵ, ɫ ȝ3-ɦɨɫɬɢɤɨɜɵɦ CCN3- ɥɢɝɚɧɞɨɦ. ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

This work is aimed at searching the high-performance approaches to the synthesis of new rhenium cluster complexes 

and studying their structure and properties. In this research, new pnictogen rhenium cluster complexes and complexes with 

ȝ3-bridged CCN3- ligands were obtained. All samples obtained were characterized by a set of physicochemical methods. 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. ɂɧɬɟɪɟɫ ɤ ɢɡɭɱɟɧɢɸ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɭɫɥɨɜɥɟɧ ɤɚɤ ɩɨɥɭɱɟɧɢɟɦ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɫɬɪɨɟɧɢɢ ɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɬɚɤ ɢ ɧɚɛɨɪɨɦ ɩɪɨɹɜɥɹɟɦɵɯ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɦɟɸɳɢɯ ɩɪɢɤɥɚɞɧɨɟ ɡɧɚɱɟɧɢɟ. 

ɇɚɩɪɢɦɟɪ, ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɪɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤɚɤ ɚɝɟɧɬɵ ɞɥɹ 
ɮɨɬɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɟɪɚɩɢɢ, ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɤɚɧɞɢɞɚɬɚɦɢ ɜ ɤɚɱɟɫɬɜɟ 
ɪɟɧɬɝɟɧɨɤɨɧɬɪɚɫɬɧɵɯ ɫɪɟɞ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɨɛɥɚɫɬɢ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɢ ɫɬɪɭɤɬɭɪɧɨɣ ɯɢɦɢɢ ɢ ɧɚɩɪɚɜɥɟɧɚ ɧɚ 
ɩɨɢɫɤ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɫɢɧɬɟɡɭ ɧɨɜɵɯ ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɟɧɢɹ ɪɚɡɥɢɱɧɨɝɨ 
ɫɨɫɬɚɜɚ ɢ ɧɚ ɞɟɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɢɯ ɫɬɪɨɟɧɢɹ ɢ ɫɜɨɣɫɬɜ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɫɢɫɬɟɦɚɯ ReO2-X-MCN, ReI3-X-MCN ɢ  
ReI3-MCN, ɝɞɟ X = P, As, S, Se, Te, M = Na, K, Cs. ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɛɵɥɢ 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ, ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, 
ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɰɢɤɥɢɱɟɫɤɨɣ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ. 

ɂɫɯɨɞɹ ɢɡ ɢɨɞɢɞɚ ɪɟɧɢɹ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɩɧɢɤɬɨɝɟɧɢɞɧɵɟ ɤɥɚɫɬɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ 
ɪɟɧɢɹ. Ⱥ ɜ ɪɟɚɤɰɢɢ ReI3 ɫ MCN (M = K, Na, Cs) ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ, 
ɜ ɤɨɬɨɪɵɯ ɜ ɤɚɱɟɫɬɜɟ ȝ3-ɦɨɫɬɢɤɨɜɵɯ ɥɢɝɚɧɞɨɜ ɜɵɫɬɭɩɚɟɬ ɭɧɢɤɚɥɶɧɵɣ ɥɢɝɚɧɞ CCN3-, ɤɨɬɨɪɵɣ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɧɵɣ ɚɰɟɬɨɧɢɬɪɢɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 
ɹɜɥɹɸɬɫɹ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɦɢ, ɩɪɢɬɨɦ, ɱɬɨ ɧɢɤɚɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɢɯ ɫɢɧɬɟɡɟ 
ɢɫɩɨɥɶɡɨɜɚɧɨ ɧɟ ɛɵɥɨ. 

Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɨɬɨɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɜ 
ɯɨɞɟ ɪɚɛɨɬɵ ɩɧɢɤɬɨɝɟɧɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɹɜɥɹɸɬɫɹ ɩɟɪɜɵɦɢ ɩɪɢɦɟɪɚɦɢ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ 
ɤɥɚɫɬɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɟɧɢɹ ɫ ɮɨɪɦɚɥɶɧɵɦ ɡɚɪɹɞɨɦ ɚɬɨɦɚ ɦɟɬɚɥɥɚ +3. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɞɥɹ ɤɥɚɫɬɟɪɧɨɣ ɯɢɦɢɢ ɜ ɰɟɥɨɦ ɤɚɤ ɧɨɜɵɟ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɡɧɚɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɞɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɢ ɝɚɥɨɝɟɧɢɞɨɜ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɪɭɝɢɦ 
ɤɥɚɫɬɟɪɨɨɛɪɚɡɭɸɳɢɦ ɦɟɬɚɥɥɚɦ. 
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Ⱦɨɩɢɪɨɜɚɧɧɵɟ ɜɢɫɦɭɬɨɦ ɦɨɥɢɛɞɚɬɵ ɤɚɥɶɰɢɹ Ca1−1.5ɯBixMoO4±δ (x=0–0.4) ɢ Ca1-1.5xBi0.8xMoO4 (x=0.05, 0.1) ɛɵɥɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɟɤɭɪɫɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ Bi2O3 (99.9%), 

MoO3 (99.5%) and CaCO3 (99.5%). Ⱥɬɬɟɫɬɚɰɢɹ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɫɭɳɟɫɬɜɥɟɧɚ ɦɟɬɨɞɨɦ ɊɎȺ, 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡɭɱɟɧɚ ɦɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ɍɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ 
Ca1−1.5ɯBixMoO4±δ ɞɨ x=0.222 ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɢ (ɉɪ.ɝɪ. I41/a (88)), x=0.35, 0.4 – ɜ 
ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɢ (ɉɪ.ɝɪ. I222 (23)). 

A series of bismuth-doped calcium molybdates Ca1−1.5ɯBixMoO4±δ (x=0–0.4) and Ca1-1.5xBi0.8xMoO4 (x=0.05, 0.1) were 

synthesized by solid-state reaction with Bi2O3 (99.9%), MoO3 (99.5%) and CaCO3 (99.5%) and investigated using X-ray 

powder diffraction and impedance spectroscopy. The solid solutions Ca1−1.5ɯBixMoO4±δ exist up to x=0.222 have tetragonal 

unit cell (Sp.gr. I41/a (88)), x=0.35, 0.4 – rhombic (Sp.gr. I222 (23)). 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɟ ɢ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫɬɪɭɤɬɭɪɧɵɟ ɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɦɨɥɢɛɞɚɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɲɟɟɥɢɬɚ, ɚ ɬɚɤɠɟ 
ɚɤɬɢɜɧɨ ɜɟɞɭɳɢɟɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɮɚɡ ɜ ɞɜɨɣɧɵɯ ɢ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦɚɯ ɧɚ ɨɫɧɨɜɟ 
ɦɨɥɢɛɞɚɬɨɜ ɢ ɜɨɥɶɮɪɚɦɚɬɨɜ ɦɟɬɚɥɥɨɜ, ɩɪɨɹɜɥɹɸɳɢɯ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 ɢ +3, ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɜɡɚɢɦɧɨɦ ɡɚɦɟɳɟɧɢɢ ɤɚɥɶɰɢɹ ɢ ɜɢɫɦɭɬɚ ɜ ɦɨɥɢɛɞɚɬɚɯ, ɹɜɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɦɨɥɢɛɞɚɬɚ 
ɤɚɥɶɰɢɹ ɩɪɢ ɝɟɬɟɪɨɜɚɥɟɧɬɧɨɦ ɡɚɦɟɳɟɧɢɢ ɢɨɧɨɜ Ca2+ ɧɚ ɢɨɧɵ Bi3+, ɭɫɬɚɧɨɜɥɟɧɵ ɢɯ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɢɡɭɱɟɧɚ ɢɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ.  

ɋɨɟɞɢɧɟɧɢɹ ɫɨɫɬɚɜɨɜ Ca1-1.5xBixMoO4 (x≤0.4), Ca1-1.5xBi0.8xMoO4 (x=0.05, 0.1) ɫɢɧɬɟɡɢɪɨɜɚɧɵ 
ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɂɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɢɧɬɟɡɚ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɟɪɜɨɝɨ ɨɬɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɜɵɲɟ 823 Ʉ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɝɨɧɤɢ MoO3 ɢ 
ɨɬɠɢɝɢ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɜ ɛɪɢɤɟɬɚɯ ɧɚ ɩɪɨɫɥɨɣɤɟ ɢɡ ɩɨɪɨɲɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɨɫɬɚɜɚ ɫ ɰɟɥɶɸ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɬɢɝɥɟɦ. Ⱥɬɬɟɫɬɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɨɞɢɥɚɫɶ 
ɦɟɬɨɞɨɦ ɊɎȺ. 

Ⱦɥɹ ɪɹɞɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Ca1-1.5xBixMoO4 ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɜɫɟ ɫɨɫɬɚɜɵ ɹɜɥɹɸɬɫɹ 
ɨɞɧɨɮɚɡɧɵɦɢ. ɋɨɫɬɚɜɵ ɞɨ x=0.3 ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɢ (ɩɪ.ɝɪ. I41/a (88)). 

ɋɨɫɬɚɜɵ ɞɨ x=0.222 ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɥɚɜɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɚ a, ɫ ɢ ɨɛɴɟɦɚ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ (V) ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɧɟɞɪɟɧɢɹ ɚɬɨɦɚ ɫ ɛɨɥɶɲɢɦ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦ 
ɪɚɞɢɭɫɨɦ (r(Bi3+)=1.17 Å , r(Ca2+)=1.0 Å). Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɫ x=0.25 ɢ x=0.3 ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɤɚɤɢɦɢ-ɥɢɛɨ 
ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ (ɧɚɩɪɢɦɟɪ, ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɬɟɬɪɚɷɞɪɨɜ MO4 

ɢɥɢ ɢɡɦɟɧɟɧɢɟɦ ɡɚɧɢɦɚɟɦɵɯ ɜɢɫɦɭɬɨɦ ɩɨɥɨɠɟɧɢɣ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ). ɍɬɨɱɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɫɨɟɞɢɧɟɧɢɣ ɫ x=0.35 ɢ x=0.4 ɜ ɪɚɦɤɚɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɵ I222 (23), Imm2 (44) 

ɢɥɢ Immm (71) ɩɪɢɜɨɞɢɬ ɤ ɫɨɨɬɜɟɬɫɬɜɢɸ ɪɚɫɫɱɢɬɚɧɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɪɨɮɢɥɟɣ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɪɹɞɭ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɫɢɦɦɟɬɪɢɢ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɨɬ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɤ ɪɨɦɛɢɱɟɫɤɨɣ. Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚɪɧɨɣ 
ɹɱɟɣɤɢ ɞɥɹ ɫɨɫɬɚɜɨɜ Ca1-1.5x Bi0.8xMoO4, ɧɟ ɦɟɧɶɲɟ, ɤɚɤ ɫɥɟɞɨɜɚɥɨ ɛɵ ɨɠɢɞɚɬɶ, ɱɟɦ ɞɥɹ Ca1-

1.5xBixMoO4 ɜɫɥɟɞɫɬɜɢɟ ɞɟɮɢɰɢɬɚ ɜɢɫɦɭɬɚ. ɇɚɩɪɨɬɢɜ, ɩɚɪɚɦɟɬɪɵ ɚ, ɫ, V ɫɨɫɬɚɜɨɜ 
Ca0.925Bi0.04MoO4-į ɢ Ca0.925Bi0.05MoO4 ɛɨɥɶɲɟ, ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɡɧɚɱɟɧɢɹ ɞɥɹ 
Ca0.85Bi0.08MoO4-į ɢ Ca0.85Bi0.1MoO4. ȼɨɡɦɨɠɧɵɦ ɨɛɴɹɫɧɟɧɢɟɦ ɞɚɧɧɨɝɨ ɮɚɤɬɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ 
ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɟ ɜ ɩɨɞɪɟɲɟɬɤɟ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɢɫɤɚɠɟɧɢɟ ɦɟɬɚɥɥ-ɤɢɫɥɨɪɨɞɧɵɯ ɩɨɥɢɷɞɪɨɜ 
ɜɫɥɟɞɫɬɜɢɟ ɩɨɹɜɥɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɬɢɨɧɧɵɯ ɜɚɤɚɧɫɢɣ.  

ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɜɢɫɦɭɬ-ɞɨɩɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɨɥɢɛɞɚɬɨɜ ɢɡɭɱɟɧɚ ɦɟɬɨɞɨɦ 
ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɜɢɫɦɭɬɚ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɛɪɚɡɰɨɜ 
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ɪɚɫɬɟɬ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɚɬɢɨɧɧɵɯ ɜɚɤɚɧɫɢɣ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɜ ɩɨɞɪɟɲɟɬɤɭ ɤɚɥɶɰɢɹ 
ɬɪɟɯɡɚɪɹɞɧɨɝɨ ɢɨɧɚ ɜɢɫɦɭɬɚ. Ɉɛɪɚɡɰɵ ɧɚ 20% ɜɢɫɦɭɬ-ɞɟɮɢɰɢɬɧɨɣ ɫɟɪɢɢ Ca1-1.5xBi0.8xMoO4 

ɩɪɨɹɜɥɹɸɬ ɟɳɟ ɛɨɥɶɲɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɫɨɫɬɚɜɚɦɢ 
Ca1-1.5xBixMoO4 ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɚɬɢɨɧɧɵɯ ɜɚɤɚɧɫɢɣ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɆɈ ɊɎ (ɝɪɚɧɬ ɩɪɟɡɢɞɟɧɬɚ ɊɎ №ɆɄ-

7979.2016.3). 
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ɍȾɄ 543.544.5.068.7 
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Ɉɩɪɟɞɟɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɥɤɚɥɨɢɞɨɜ ɩɭɪɢɧɨɜɨɝɨ ɪɹɞɚ: ɤɨɮɟɢɧɚ, 

ɬɟɨɛɪɨɦɢɧɚ ɢ ɬɟɨɮɢɥɥɢɧɚ, ɢɫɫɥɟɞɨɜɚɧɨ ɢɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ 
ɭɫɥɨɜɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɢɯ ɚɥɤɚɥɨɢɞɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɚɯ ɲɨɤɨɥɚɞɚ ɦɟɬɨɞɨɦ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɣ 
ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɨɬɨɝɪɚɮɢɢ (ȼɗɀɏ). 

This research identifies some spectrophotometric characteristics of purine row alkaloids, such as caffeine, theobromine, 

and theophylline, and explores their chromatographic behavior. As a result, the optimal conditions for joint identification of 

these alkaloids in different types of chocolate by the high performance liquid chromatography (HPLC) method have been 

selected. 

 

Ⱥɥɤɚɥɨɢɞɵ ɹɜɥɹɸɬɫɹ ɫɜɨɟɨɛɪɚɡɧɵɦɢ ɢ ɫɢɥɶɧɨɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ 
ɫɨɟɞɢɧɟɧɢɹɦɢ, ɭɱɚɫɬɜɭɸɳɢɦɢ ɜ ɨɛɦɟɧɟ ɜɟɳɟɫɬɜ ɢ ɜɵɩɨɥɧɹɸɳɢɦɢ ɮɭɧɤɰɢɢ ɫɬɢɦɭɥɹɬɨɪɨɜ ɢ 
ɮɢɬɨɝɨɪɦɨɧɨɜ. ȼ ɩɪɢɪɨɞɟ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɚɥɤɚɥɨɢɞɨɜ, ɛɨɥɶɲɢɧɫɬɜɨ 
ɢɡ ɤɨɬɨɪɵɯ – ɰɟɧɧɵɟ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ, ɦɧɨɝɢɟ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɟɣɲɢɦɢ ɹɞɚɦɢ, 
ɧɚɪɤɨɬɢɤɚɦɢ. Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɪɨɥɶ ɢɯ ɞɨ ɤɨɧɰɚ ɟɳɟ ɧɟ ɜɵɹɫɧɟɧɚ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɨɞɟɪɠɚɧɢɹ ɧɟɤɨɬɨɪɵɯ ɚɥɤɚɥɨɢɞɨɜ ɜ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɚɯ ɢ ɩɢɳɟɜɵɯ 
ɩɪɨɞɭɤɬɚɯ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɣ ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɨɬɨɝɪɚɮɢɢ 
(ȼɗɀɏ), ɹɜɥɹɸɳɢɣɫɹ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɞɥɹ ɚɧɚɥɢɡɚ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ [1]. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ 
ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɚɥɤɚɥɨɢɞɨɜ: ɤɨɮɟɢɧɚ (ɄɎ), ɬɟɨɛɪɨɦɢɧɚ (ɌȻ) ɢ 
ɬɟɨɮɢɥɥɢɧɚ (ɌɎ) ɞɥɹ ɜɵɛɨɪɚ ɭɫɥɨɜɢɣ ɢɯ ɫɨɜɦɟɫɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɚɯ ɲɨɤɨɥɚɞɚ 
ɦɟɬɨɞɨɦ ȼɗɀɏ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɯɪɨɦɚɬɨɝɪɚɮ «Ɇɢɥɢɯɪɨɦ – 1» (ɇɉɈ «ɇɚɭɱɩɪɢɛɨɪ», 
ɝ.Ɉɪɟɥ) ɫ ɤɨɥɨɧɤɨɣ 2ɯ64 ɦɦ, ɡɚɩɨɥɧɟɧɧɨɣ ɨɛɪɚɳɟɧɨ-ɮɚɡɧɵɦ ɫɨɪɛɟɧɬɨɦ ɫɟɩɚɪɨɧ 5, ɋ18, ɫ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 3000 ɬ.ɬ., ɫɤɨɪɨɫɬɶ ɷɥɸɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥɚ 100 ɦɤɥ/ɦɢɧ.  

ɂɫɫɥɟɞɭɟɦɵɟ ɚɥɤɚɥɨɢɞɵ ɨɤɚɡɵɜɚɸɬ ɦɧɨɝɨɨɛɪɚɡɧɨɟ ɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. ɋɬɟɩɟɧɶ 
ɜɥɢɹɧɢɹ, ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ (ɩɨɥɶɡɚ ɢ ɜɪɟɞ), ɡɚɜɢɫɢɬ ɨɬ ɞɨɡ ɭɩɨɬɪɟɛɥɹɟɦɨɝɨ 
ɩɪɨɞɭɤɬɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɄɎ, ɌȻ ɢ ɌɎ, ɚ ɬɚɤɠɟ ɨɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɪɝɚɧɢɡɦɚ. ɉɨ 
ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɨɤɭɩɚɬɟɥɶ ɞɨɥɠɟɧ ɢɦɟɬɶ ɢɧɮɨɪɦɚɰɢɸ ɧɚ ɭɩɚɤɨɜɤɟ ɩɪɨɞɭɤɬɚ ɨ ɫɨɞɟɪɠɚɧɢɢ 
ɚɥɤɚɥɨɢɞɨɜ [2]. 

ɇɚɦɢ ɢɡɭɱɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɟɯ ɚɥɤɚɥɨɢɞɨɜ: 
ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɹ, ɪɚɫɫɱɢɬɚɧɵ ɫɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɄɎ, ɌȻ ɢ ɌɎ ɜ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɨɛɪɚɡɰɚɯ. ɂɫɫɥɟɞɨɜɚɧɨ ɢɯ 
ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ. ɉɨɞɨɛɪɚɧ ɫɨɫɬɚɜ ɷɥɸɟɧɬɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɢɥɨ 
ɜɟɫɬɢ ɪɚɡɞɟɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɚɥɤɚɥɨɢɞɨɜ: 20% CH3OH ɜ 0,1 Ɇ ɪɚɫɬɜɨɪɟ KH2PO4 c pH 6,77. 

Ɉɛɴɟɦɵ ɭɞɟɪɠɢɜɚɧɢɹ: ɌȻ (VR=346 ɦɤɥ), ɌɎ (VR=520 ɦɤɥ) ɢ ɄɎ (VR=880 ɦɤɥ) ɡɧɚɱɢɬɟɥɶɧɨ 
ɨɬɥɢɱɚɸɬɫɹ. 

Ɉɫɜɨɟɧɚ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɲɨɤɨɥɚɞɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɢɬɶ ɌȻ, ɌɎ ɢ ɄɎ ɜ ɞɟɫɹɬɢ ɫɨɪɬɚɯ 
ɲɨɤɨɥɚɞɚ. 

ɋɨɞɟɪɠɚɧɢɟ ɤɨɮɟɢɧɚ ɢ ɬɟɨɛɪɨɦɢɧɚ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɚɯ ɲɨɤɨɥɚɞɚ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥ.1. 

ɌɎ ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɲɨɤɨɥɚɞɚ ɧɟ ɨɛɧɚɪɭɠɟɧ. 
ɉɪɨɜɟɞɟɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ: ɨɰɟɧɟɧɵ ɩɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ 

ɚɥɤɚɥɨɢɞɨɜ (0,001 ɦɝ/ɦɥ ɄɎ; 0,002 ɦɝ/ɦɥ ɌȻ ɢ ɌɎ) ɢ ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ. Ɉɲɢɛɤɚ 
ɩɨɜɬɨɪɹɟɦɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 24%. 
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Ɍɚɛɥɢɰɚ 1 

ɋɨɞɟɪɠɚɧɢɟ ɤɨɮɟɢɧɚ ɢ ɬɟɨɛɪɨɦɢɧɚ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɚɯ ɲɨɤɨɥɚɞɚ 

№ 
ɩ/ɩ 

ɋɨɪɬ ɲɨɤɨɥɚɞɚ 

ɋɨɞɟɪɠɚɧɢɟ ɚɥɤɚɥɨɢɞɨɜ, ɦɝ/100ɝ 

ɇɚɣɞɟɧɨ Ʌɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ [3] 

ɌȻ ɄɎ ɌȻ ɄɎ 

1 Dove (ɬɟɦɧɵɣ) 253 84 250-260 16-120 

2 Alpen Gold Max Fun (ɦɨɥɨɱɧɵɣ) 125 27 150-160 3-50 

3 Ȼɚɛɚɟɜɫɤɢɣ 75% ɷɥɢɬɧɵɣ 165 61 450 87 

4 Ȼɚɛɚɟɜɫɤɢɣ 55% ɝɨɪɶɤɢɣ 175 59 450 87 

5 Ɋɨɫɫɢɹ ɳɟɞɪɚɹ ɞɭɲɚ (ɉɭɬɟɲɟɫɬɜɢɟ) 238 73 250-260 16-120 

6 Ʉɨɪɤɭɧɨɜ 55% 225 64 450 87 

7 Milka ɦɨɥɨɱɧɵɣ 113 32 150-160 3-50 

8 Ɋɨɫɫɢɹ ɳɟɞɪɚɹ ɞɭɲɚ (ɬɟɦɧɵɣ) 219 60 250-260 16-120 

9 Carenero Superior 97,7% 385 142 450 87 

10 Ʉɪɚɫɧɵɣ ɨɤɬɹɛɪɶ 80% 247 77 450 87 
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ɍȾɄ 546.92+546.98 

 

ɂɁȼɅȿɑȿɇɂȿ ɏɅɈɊɂȾɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ɉɅȺɌɂɇɕ ɂ ɉȺɅɅȺȾɂə 
ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɍɘɓɂɆ ɋɈɊȻȿɇɌɈɆ ɇȺ ɈɋɇɈȼȿ ȼɂɇɂɅɌɊɂȺɁɈɅȺ 

 

ɘ.Ⱥ. ɋɨɥɞɚɬɨɜɚ1, Ⱥ.ɋ. Ƚɨɥɭɛɟɜɚ1, Ʌ.ɉ. ɒɚɭɥɢɧɚ1, ɇ.ɉ. Ʉɭɡɧɟɰɨɜɚ2 
1ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ʉɚɪɥɚ Ɇɚɪɤɫɚ, 1. 
2ɂɪɤɭɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ. Ɏɚɜɨɪɫɤɨɝɨ ɋɈ ɊȺɇ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664033, ɝ. ɂɪɤɭɬɫɤ, ɭɥ. Ɏɚɜɨɪɫɤɨɝɨ, 1. 

e-mail: Djulia.soldatowa2015@yandex.ru 

 
ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬ ɧɚ ɢɡɜɥɟɱɟɧɢɟ ɯɥɨɪɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɥɚɬɢɧɵ ɢ ɩɚɥɥɚɞɢɹ. 

ɍɫɬɚɧɨɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɫɨɪɛɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɟɯɚɧɢɡɦ ɫɨɪɛɰɢɢ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɟɧɟɪɚɰɢɢ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɪɛɟɧɬɚ ɜ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɰɟɥɹɯ. 

The effect of nature and concentration of acids on the sorption of chloride complexes of platinum and palladium has 

been studied. The main sorption characteristics, the mechanism of sorption, the possibility of regeneration and the use of 

sorbent for analytical purposes have been established. 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɫɨɪɛɰɢɨɧɧɨɟ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɢɡɜɥɟɤɚɬɶ ɷɥɟɦɟɧɬɵ ɢɡ ɚɝɪɟɫɫɢɜɧɵɯ ɢ ɫɥɨɠɧɵɯ ɩɨ ɫɨɫɬɚɜɭ 
ɪɚɫɬɜɨɪɨɜ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɯ ɫɨɪɛɟɧɬɨɜ. ɗɮɮɟɤɬɢɜɧɵɦɢ ɫɨɪɛɟɧɬɚɦɢ 
ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɫɨɩɨɥɢɦɟɪɵ ɧɚ ɨɫɧɨɜɟ 1-ɜɢɧɢɥ-1,2,4-ɬɪɢɚɡɨɥɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɫɨɪɛɟɧɬɨɜ, 
ɫɨɞɟɪɠɚɳɢɯ ɡɜɟɧɶɹ ɬɪɢɚɡɨɥɚ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɚɬɨɦɚ ɚɡɨɬɚ ɜ 4 ɩɨɥɨɠɟɧɢɢ ɝɟɬɟɪɨɰɢɤɥɚ. 
ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɬɨɧɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɚɬɨɦɚ, ɢ ɫɨɩɨɥɢɦɟɪ ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ 
ɚɧɢɨɧɨɨɛɦɟɧɧɢɤɚ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɞɨɧɨɪɚ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɜɹɡɢ. ɇɚ 
ɫɨɪɛɰɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɫɨɩɨɥɢɦɟɪɨɜ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɫɨɦɨɧɨɦɟɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɝɪɚɬɶ 
ɪɨɥɶ ɫɲɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɭɫɥɨɜɢɣ ɫɨɪɛɰɢɨɧɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɚɰɢɞɨɤɨɦɩɥɟɤɫɨɜ 
ɩɚɥɥɚɞɢɹ ɢ ɩɥɚɬɢɧɵ ɫɨɩɨɥɢɦɟɪɨɦ 1-ɜɢɧɢɥ-1,2,4-ɬɪɢɚɡɨɥɚ ɫ ɩɨɥɢɨɪɝɚɧɨɫɢɥɚɧɨɦ ɜ ɪɚɡɥɢɱɧɵɯ 
ɫɨɨɬɧɨɲɟɧɢɹɯ, ɭɫɬɚɧɨɜɥɟɧɢɟ ɫɨɪɛɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɨɪɛɟɧɬɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɜɥɟɱɟɧɢɟ ɬɟɬɪɚɯɥɨɪɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɚɥɥɚɞɢɹ ɜ ɢɧɬɟɪɜɚɥɟ 0,01-5Ɇ ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ HCl ɢ H2SO4, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɥɟɟ 5Ɇ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ 
ɫɧɢɠɟɧɢɟ ɫɨɪɛɰɢɢ. ȼ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ ɜ ɭɤɚɡɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɨɪɛɰɢɹ 
ɭɦɟɧɶɲɚɟɬɫɹ  ɧɚ 20%. Ⱦɥɹ ɝɟɤɫɚɯɥɨɪɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɥɚɬɢɧɵ ɢɡɜɥɟɱɟɧɢɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɩɪɢɪɨɞɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬ ɜ ɢɧɬɟɪɜɚɥɟ 0,01-1Ɇ, ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɤɢɫɥɨɬ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨɟ ɫɧɢɠɟɧɢɟ ɫɨɪɛɰɢɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɚɤɨɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ 
ɫɜɹɡɚɧ ɫ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ [PdCl4]

2- ɫ ɞɨɧɨɪɧɵɦ ɚɬɨɦɨɦ ɚɡɨɬɚ. Ⱦɥɹ ɩɥɚɬɢɧɵ 
ɜɨɡɦɨɠɧɨ ɢɨɧɨɨɛɦɟɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɤɨɧɤɭɪɢɪɭɸɳɢɦ ɜɥɢɹɧɢɟɦ ɚɧɢɨɧɨɜ ɤɢɫɥɨɬɵ. 
Ɇɟɬɨɞɚɦɢ ɂɄ, ɄɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɨɤɚɡɚɧ ɦɟɯɚɧɢɡɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ 
ɫɨɫɬɚɜ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɫɨɪɛɟɧɬɚ. 

ɇɚ ɨɫɧɨɜɟ ɤɪɢɜɵɯ ɪɚɜɧɨɜɟɫɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ ɩɥɚɬɢɧɵ ɢ ɩɚɥɥɚɞɢɹ ɨɬ ɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 1Ɇ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɭɫɬɭɩɚɸɬ ɢɡɜɟɫɬɧɵɦ ɚɡɨɬɫɨɞɟɪɠɚɳɢɦ ɫɨɪɛɟɧɬɚɦ. 

ɇɚ ɢɡɜɥɟɱɟɧɢɟ ɯɥɨɪɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɧɟ ɜɥɢɹɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɢɨɧɨɜ 
ɰɢɧɤɚ, ɠɟɥɟɡɚ, ɤɨɛɚɥɶɬɚ, ɧɢɤɟɥɹ ɢ ɦɟɞɢ. ɋɨɪɛɰɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɢɡɜɥɟɱɟɧɢɹ: 
ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ 60 ɦɢɧ., ɩɪɢ ɜɪɟɦɟɧɢ ɩɨɥɭɫɨɪɛɰɢɢ 5-10 ɦɢɧ. ȼɵɹɫɧɟɧɨ, ɱɬɨ 
ɢɨɧɧɚɹ ɫɢɥɚ ɪɚɫɬɜɨɪɚ, ɫɨɡɞɚɜɚɟɦɚɹ NaCl, ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ Pd:NaCl=1:10; 1:20 ɧɟ ɜɥɢɹɟɬ ɧɚ 
ɢɡɜɥɟɱɟɧɢɟ. ɂɡ ɮɚɡɵ ɫɨɪɛɟɧɬɚ ɩɚɥɥɚɞɢɣ ɢ ɩɥɚɬɢɧɚ ɷɥɸɢɪɭɸɬɫɹ ɪɚɫɬɜɨɪɨɦ ɬɢɨɦɨɱɟɜɢɧɵ. 
Ɋɟɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɫɨɪɛɟɧɬ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɧɟɫɤɨɥɶɤɢɯ ɰɢɤɥɚɯ ɫɨɪɛɰɢɹ-ɞɟɫɨɪɛɰɢɹ. 
ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɫɤɨɪɨɫɬɶ ɢɡɜɥɟɱɟɧɢɹ ɫ ɰɟɥɶɸ ɜɵɹɫɧɟɧɢɹ ɬɢɩɚ 
ɤɢɧɟɬɢɤɢ ɢ ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɬɚɞɢɢ ɫɨɪɛɰɢɢ.  
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Ⱦɥɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɷɦɢɫɫɢɨɧɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 30 

ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɛɚɯ ɝɨɪɧɵɯ ɩɨɪɨɞ. ɂɫɫɥɟɞɨɜɚɧɵ ɤɪɢɜɵɟ ɢɫɩɚɪɟɧɢɹ ɩɪɨɛ ɪɚɡɧɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ ɜ ɞɭɝɨɜɨɦ ɪɚɡɪɹɞɟ 
ɩɟɪɟɦɟɧɧɨɝɨ ɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ȼɵɛɪɚɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɥɢɧɢɢ ɷɥɟɦɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ 
ɤɚɱɟɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɪɟɛɨɜɚɧɢɹɦ ɨɬɪɚɫɥɟɜɵɯ ɫɬɚɧɞɚɪɬɨɜ. ɉɨɞɨɛɪɚɧ ɤɨɦɩɥɟɤɬ 
ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɟɞɢɧɵɯ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɩɨɪɨɞ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɫ ɭɱɟɬɨɦ ɫɩɟɰɢɮɢɤɢ ɚɧɚɥɢɡɚ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɭɫɬɚɧɨɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɟɤɬɪɨɜ, ɫɨɫɬɚɜ ɛɭɮɟɪɧɨɣ ɫɦɟɫɢ, ɫɨɨɬɧɨɲɟɧɢɟ ɛɭɮɟɪɢɪɨɜɚɧɢɹ 
ɩɪɨɛ, ɮɨɪɦɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ. ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɨɣ ɇɋȺɆ 227-ɋ ɫɧɢɠɟɧɵ 
ɩɪɟɞɟɥɵ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɪɚɫɲɢɪɟɧ ɞɢɚɩɚɡɨɧ ɨɩɪɟɞɟɥɹɟɦɵɯ ɫɨɞɟɪɠɚɧɢɣ ɞɥɹ ɪɹɞɚ ɷɥɟɦɟɧɬɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɪɟɝɢɫɬɪɚɰɢɟɣ ɫɩɟɤɬɪɚ, ɜɡɚɦɟɧ ɫɩɟɤɬɪɨɝɪɚɮɚ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɧɚ 
ɮɨɬɨɩɥɚɫɬɢɧɤɚɯ, ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɥɚɫɶ ɜɢɡɭɚɥɶɧɨɣ ɨɰɟɧɤɨɣ ɩɨ ɩɥɨɬɧɨɫɬɢ ɩɨɱɟɪɧɟɧɢɹ 
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɥɢɧɢɣ, ɩɨɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ ɜɥɢɹɧɢɟ «ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ» ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ, ɭɜɟɥɢɱɢɬɶ ɟɝɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ. ɍɫɬɚɧɨɜɥɟɧɵ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɨɞɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɨɬɪɚɫɥɟɜɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤ ɚɧɚɥɢɡɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ III-V ɤɚɬɟɝɨɪɢɹɦ ɩɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɟɬɨɞɢɤ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ 
(ɈɋɌ 41-08-212-04). 

A measurement procedure for a modern emission spectrometer has been developed for an atomic-emission 

determination of 30 elements in rock samples. The evaporation curves of samples have been investigated in arc discharge of 

alternating and direct current. Analytical lines of elements, which ensure satisfactory quality of results, appropriating the 

requirements of industry standards have been selected. A set of reference materials has been selected to construct common 

calibration characteristic for a wide class of rocks. The optimal parameters of the excitation and registration system, the 

buffer composition, the electrodes shape have been established experimentally, considering the specific character of the 

geological objects analysis. The limit of determination has been reduced and the range of determined contents has been 

expanded for a number of elements in comparison with the previously used measurement procedure (№227-ɋ). The influence 

of the “human factor” on the analysis results has been reduced, the productivity of the analysis and the accuracy of the 
results have been increased by using spectrometer with photoelectric spectrum registration. The metrological properties of 

the method have been established in accordance with the industry requirements. It is shown that the measurement results 

correspond to the III-V categories. 

 

ɉɪɢɛɥɢɠɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɵɣ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ (ɉɄɋȺ) ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 
ɫɨɱɟɬɚɟɬ ɜɵɫɨɤɭɸ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ. ɉɄɋȺ ɩɨɡɜɨɥɹɟɬ 
ɛɵɫɬɪɨ ɢ ɧɚɞɟɠɧɨ ɪɟɲɚɬɶ ɡɚɞɚɱɢ, ɩɨɫɬɚɜɥɟɧɧɵɟ ɩɟɪɟɞ ɚɧɚɥɢɬɢɤɚɦɢ ɢ ɝɟɨɯɢɦɢɤɚɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɩɪɢɛɨɪɧɨɣ ɛɚɡɵ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ 
ɫɩɟɤɬɪɚɥɶɧɨ ɚɧɚɥɢɡɚ, ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɜɨɡɛɭɠɞɟɧɢɹ ɫɩɟɤɬɪɚ, ɤɨɦɩɶɸɬɟɪɢɡɚɰɢɹ 
ɩɪɨɰɟɫɫɚ ɚɧɚɥɢɡɚ ɢ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɞɧɚɤɨ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɢɤ ɉɄɋȺ ɚɬɬɟɫɬɨɜɚɧɵ ɜ 
80-90 ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɜɟɤɚ (ɇɋȺɆ 227-ɋ, ɇɋȺɆ 246-ɋ, ɇɋȺɆ 268-ɋ, ɇɋȺɆ 259-ɋ, ɇɋȺɆ 
370-ɋ) ɢ ɨɫɧɨɜɚɧɵ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɫɬɚɪɟɜɲɟɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɮɨɬɨɝɪɚɮɢɱɟɫɤɨɣ ɪɟɝɢɫɬɪɚɰɢɟɣ ɫɩɟɤɬɪɨɜ ɧɚ ɮɨɬɨɩɥɚɫɬɢɧɤɚɯ ɢ ɮɨɬɨɩɥɟɧɤɚɯ. ɂɧɬɟɪɩɪɟɬɚɰɢɹ 
ɬɚɤɢɯ ɮɨɬɨɩɥɚɫɬɢɧɨɤ ɜɵɩɨɥɧɹɥɚɫɶ ɜɢɡɭɚɥɶɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɟɣ ɩɨ ɩɥɨɬɧɨɫɬɢ ɩɨɱɟɪɧɟɧɢɹ 
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɥɢɧɢɣ, ɚ ɪɟɡɭɥɶɬɚɬɵ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɟɥɢ ɨɬ ɨɩɵɬɚ ɚɧɚɥɢɬɢɤɚ. ȼ ɫɜɹɡɢ 
ɫ ɷɬɢɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɢ ɚɬɬɟɫɬɚɰɢɢ ɧɨɜɵɯ ɦɟɬɨɞɢɤ 
ɉɄɋȺ, ɨɬɜɟɱɚɸɳɢɯ ɫɨɜɪɟɦɟɧɧɨɦɭ ɷɬɚɩɭ ɪɚɡɜɢɬɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɤ 
ɦɟɬɨɞɢɤɚɦ ɢɡɦɟɪɟɧɢɣ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ ɝɨɪɧɵɯ ɩɨɪɨɞ. ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɜɪɟɦɟɧɧɵɣ ɫɩɟɤɬɪɚɥɶɧɵɣ 
ɤɨɦɩɥɟɤɫ «ɋɉȺɋ-01» (ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ «ɂȼɋ», ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ) ɫ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ 
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ɪɟɝɢɫɬɪɚɰɢɟɣ ɫɩɟɤɬɪɚ. ɋɩɟɤɬɪɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɞɚɧɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ 200-420 ɧɦ, ɫɪɟɞɧɹɹ 
ɨɛɪɚɬɧɚɹ ɥɢɧɟɣɧɚɹ ɞɢɫɩɟɪɫɢɹ ɧɟ ɛɨɥɟɟ 0,56 ɧɦ/ɦɦ, ɫɩɟɤɬɪɚɥɶɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɧɟ ɛɨɥɟɟ 0,01 ɧɦ. 
Ⱦɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɫɩɟɤɬɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɭɝɨɜɨɣ ɪɚɡɪɹɞ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ ɦɟɠɞɭ ɞɜɭɦɹ 
ɝɪɚɮɢɬɨɜɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ: ɜɟɪɯɧɢɦ, ɡɚɬɨɱɟɧɧɵɦ ɧɚ ɤɨɧɭɫ, ɢ ɧɢɠɧɢɦ, ɜ ɤɨɬɨɪɵɣ ɩɨɦɟɳɚɟɬɫɹ 
ɩɪɨɛɚ.  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɨɞɧɨɦ ɢɡɦɟɪɟɧɢɢ ɨɩɪɟɞɟɥɹɬɶ 30 ɷɥɟɦɟɧɬɨɜ. ɉɟɪɟɱɟɧɶ 
ɷɥɟɦɟɧɬɨɜ ɢ ɞɢɚɩɚɡɨɧɵ ɨɩɪɟɞɟɥɹɟɦɵɯ ɫɨɞɟɪɠɚɧɢɣ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥ. 1. 

Ɍɚɛɥɢɰɚ 1 

Ⱦɢɚɩɚɡɨɧɵ ɢɡɦɟɪɟɧɢɣ ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ ɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ 

Ɉɩɪɟɞɟɥɹɟɦɵɣ ɷɥɟɦɟɧɬ 
Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɣ, 

ɦɚɫɫɨɜɚɹ ɞɨɥɹ, % 
Ɉɩɪɟɞɟɥɹɟɦɵɣ ɷɥɟɦɟɧɬ 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɣ, 
ɦɚɫɫɨɜɚɹ ɞɨɥɹ, % 

ɋɟɪɟɛɪɨ (Ag) 0,00001-0,0035 ɋɭɪɶɦɚ (Sb) 0,003-0,05 

Ȼɚɪɢɣ (Ba) 0,002-3 ɋɤɚɧɞɢɣ (Sc)   0,0001-0,006 

Ȼɟɪɢɥɥɢɣ (Be)   0,00005-0,0015 Ɉɥɨɜɨ (Sn)   0,0001-1 

ȼɢɫɦɭɬ (Bi) 0,0001-0,03 ɋɬɪɨɧɰɢɣ (Sr) 0,005-0,4 

Ʉɨɛɚɥɶɬ (Co) 0,0001-0,1 ȼɚɧɚɞɢɣ (V) 0,0005-0,1 

ɏɪɨɦ (Cr) 0,001-0,45 ȼɨɥɶɮɪɚɦ (W) 0,001-0,03 

Ɇɟɞɶ (Cu) 0,001-3,5 ɂɬɬɪɢɣ (Y)   0,001-0,02 

Ƚɚɥɥɢɣ (Ga)   0,0001-0,01 ɂɬɬɟɪɛɢɣ (Yb) 0,0001-0,002 

Ƚɟɪɦɚɧɢɣ (Ge) 0,0001-0,001 ɐɢɧɤ (Zn) 0,001-3,5 

Ʌɚɧɬɚɧ (La) 0,005-0,02 ɐɢɪɤɨɧɢɣ (Zr) 0,002-0,2 

Ʌɢɬɢɣ (Li) 0,0001-0,04  Ɇɚɪɝɚɧɟɰ (MnO) 0,01-1,4 

Ɇɨɥɢɛɞɟɧ (Mo) 0,0001-0,04 Ɍɢɬɚɧ (TiO2) 0,01-2,5 

ɇɢɨɛɢɣ (Nb) 0,0008-0,05 ɀɟɥɟɡɨ (Fe2O3) 0,1-30 

ɇɢɤɟɥɶ (Ni) 0,0005-0,16 Ɏɨɫɮɨɪ (P2Ɉ5) 0,01-2 

ɋɜɢɧɟɰ (Pb) 0,0005-2,5 Ɇɚɝɧɢɣ (MgO) 0,7-30 

 

Ɇɢɧɢɦɚɥɶɧɚɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɧɚɜɟɫɤɚ ɫɨɫɬɚɜɥɹɟɬ 50 ɦɝ. ȼɪɟɦɹ ɨɞɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɨɤɨɥɨ 1 
ɦɢɧɭɬɵ.  

Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɜɤɥɸɱɚɥɢ ɜ ɫɟɛɹ 
ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

- ɜɵɛɨɪ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɷɥɟɦɟɧɬɨɜ; 
- ɜɵɛɨɪ ɫɩɨɫɨɛɚ ɭɱɟɬɚ ɮɨɧɚ ɢ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ; 
- ɩɨɞɛɨɪ ɭɫɥɨɜɢɣ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɟɤɬɪɨɜ; 
- ɩɨɞɛɨɪ ɫɨɫɬɚɜɚ ɛɭɮɟɪɚ ɢ ɫɨɨɬɧɨɲɟɧɢɣ ɛɭɮɟɪɢɪɨɜɚɧɢɹ; 
- ɜɵɛɨɪ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ; 
- ɨɰɟɧɤɚ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
ȼɥɢɹɧɢɟ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɛ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɛɨɥɶɲɢɯ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɚɧɚɥɢɡɚ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɉɄɋȺ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɩɨɪɨɞ ɩɨɞɛɢɪɚɬɶ ɢɞɟɧɬɢɱɧɵɟ ɩɨ ɜɚɥɨɜɨɦɭ ɢ 
ɦɢɧɟɪɚɥɶɧɨɦɭ ɫɨɫɬɚɜɭ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɨɛɪɚɡɰɵ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤɪɚɣɧɟ ɜɚɠɧɨ ɭɫɬɚɧɨɜɢɬɶ 
ɨɩɬɢɦɚɥɶɧɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɟɤɬɪɨɜ, ɚ ɬɚɤ ɠɟ ɩɨɞɨɛɪɚɬɶ 
ɛɭɮɟɪɧɭɸ ɫɦɟɫɶ, ɩɨɡɜɨɥɹɸɳɭɸ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɨɫɬɪɨɢɬɶ ɟɞɢɧɵɟ 
ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɯɪɚɧɢɬɶ ɬɪɟɛɭɟɦɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɣ. ɋ ɷɬɨɣ 
ɰɟɥɶɸ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɪɟɝɢɫɬɪɚɰɢɢ ɤɪɢɜɵɯ ɜɵɝɨɪɚɧɢɹ, ɤɨɬɨɪɵɟ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɤɢɧɟɬɢɤɭ ɩɨɫɬɭɩɥɟɧɢɹ ɚɬɨɦɨɜ ɜ ɡɨɧɭ ɪɚɡɪɹɞɚ, ɩɪɨɰɟɫɫɵ ɚɬɨɦɢɡɚɰɢɢ, ɢɨɧɢɡɚɰɢɢ ɢ 
ɜɨɡɛɭɠɞɟɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɤɢɧɟɬɢɤɭ ɢɫɩɚɪɟɧɢɹ ɩɨɪɨɞ ɪɚɡɧɨɨɛɪɚɡɧɨɝɨ 
ɫɨɫɬɚɜɚ: 

- ɪɟɠɢɦ ɢ ɫɢɥɚ ɬɨɤɚ; 
- ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ; 
- ɫɬɟɩɟɧɶ ɛɭɮɟɪɢɪɨɜɚɧɢɹ ɩɪɨɛ; 
- ɜɜɟɞɟɧɢɟ ɞɨɛɚɜɨɤ ɜ ɛɭɮɟɪɧɭɸ ɫɦɟɫɶ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ (PdCl2 ɜ 

ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ, NaCl ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɡɦɵ ɞɭɝɢ); 
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- ɮɨɪɦɚ ɷɥɟɤɬɪɨɞɨɜ. 
ȼɚɪɶɢɪɭɹ ɷɬɢ ɮɚɤɬɨɪɵ ɢ ɨɰɟɧɢɜɚɹ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɤɢɧɟɬɢɤɭ ɢɫɩɚɪɟɧɢɹ, ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ 

ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɚɧɚɥɢɡɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɚɢɥɭɱɲɢɯ ɡɧɚɱɟɧɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɪɚɡɧɨɝɨ ɬɢɩɚ ɩɨɪɨɞ, ɫɧɢɡɢɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɩɪɨɛɵ, ɭɥɭɱɲɢɬɶ 
ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɭɦɟɧɶɲɢɬɶ ɪɚɡɛɪɨɫ ɬɨɱɟɤ ɢ ɛɨɥɟɟ ɱɟɬɤɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɤɥɨɧ 
ɝɪɚɞɭɢɪɨɜɨɱɧɨɝɨ ɝɪɚɮɢɤɚ. ȼ ɬɚɛɥɢɰɟ 2 ɭɤɚɡɚɧɵ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɭɝɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ.  

 

Ɍɚɛɥɢɰɚ 2 

ɉɚɪɚɦɟɬɪɵ ɞɭɝɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 

ɒɚɝ № ɋɢɥɚ ɬɨɤɚ, Ⱥ ȼɪɟɦɹ, ɫ 

1 7 3 

2 10 10 

3 15 20 

 

Ɉɤɨɧɱɚɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ 
ɨɰɟɧɤɢ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɬɪɚɫɥɟɜɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤ ɚɧɚɥɢɡɚ (ɈɋɌ 41-08-205-04, ɈɋɌ 41-08-212-04, ɊɆȽ 
61-2010). Ɉɰɟɧɢɜɚɥɢɫɶ: ɩɨɜɬɨɪɹɟɦɨɫɬɶ, ɜɧɭɬɪɢɥɚɛɨɪɚɬɨɪɧɚɹ ɩɪɟɰɢɡɢɨɧɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 30 ɷɥɟɦɟɧɬɨɜ, ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɡɚɩɚɫ ɬɨɱɧɨɫɬɢ ɦɟɬɨɞɢɤɢ, 
ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɬɟɝɨɪɢɹ ɚɧɚɥɢɡɚ. Ɉɰɟɧɤɚ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɤɨɩɥɟɧɧɨɝɨ ɡɚ 3 ɝɨɞɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɨɜɬɨɪɹɟɦɨɫɬɶ ɢ 
ɜɧɭɬɪɢɥɚɛɨɪɚɬɨɪɧɚɹ ɩɪɟɰɢɡɢɨɧɧɨɫɬɶ ɨɰɟɧɢɜɚɥɢɫɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɪɚɛɨɱɢɯ ɩɪɨɛ 
ɝɨɪɧɵɯ ɩɨɪɨɞ ɪɚɡɧɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ, ɨɯɜɚɬɵɜɚɸɳɢɯ ɜɟɫɶ ɞɢɚɩɚɡɨɧ ɨɩɪɟɞɟɥɹɟɦɵɯ ɫɨɞɟɪɠɚɧɢɣ, 
ɬɨɱɧɨɫɬɶ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ 10 
ɢ ɛɨɥɟɟ ɪɚɡ. ȼ ɬɚɛɥɢɰɟ 3 ɩɪɢɜɟɞɟɧɵ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɨɞɢɤɢ. 

 

Ɍɚɛɥɢɰɚ 3 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɬɨɞɢɤɢ 
ɉɨɤɚɡɚɬɟɥɶ 

ɩɨɜɬɨɪɹɟɦɨɫɬɢ, 
σr, ɦɚɫɫɨɜɚɹ ɞɨɥɹ, % 

ɉɨɤɚɡɚɬɟɥɶ ɜɧɭɬɪɢɥɚɛɨɪɚɬɨɪɧɨɣ 
ɩɪɟɰɢɡɢɨɧɧɨɫɬɢ, 
σRɥ, ɦɚɫɫɨɜɚɹ ɞɨɥɹ, % 

ɉɨɤɚɡɚɬɟɥɶ ɬɨɱɧɨɫɬɢ, 
±, ɦɚɫɫɨɜɚɹ ɞɨɥɹ, % 

0,15ɋ-0,26ɋ 0,25ɋ-0,31ɋ 0,59ɋ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɞɯɨɞɚ ɭɞɚɥɨɫɶ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɚ ɢ ɭɥɭɱɲɢɬɶ 
ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ ɞɥɹ ɷɦɢɫɫɢɨɧɧɨɝɨ 
ɫɩɟɤɬɪɨɦɟɬɪɚ «ɋɉȺɋ-01» ɛɵɥɢ ɜɵɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɢ ɪɟɝɢɫɬɪɚɰɢɢ 
ɫɩɟɤɬɪɨɜ ɩɪɨɛ ɝɨɪɧɵɯ ɩɨɪɨɞ. Ɏɨɬɨɷɥɟɤɬɪɢɱɟɫɤɚɹ ɪɟɝɢɫɬɪɚɰɢɹ ɫɩɟɤɬɪɨɜ ɫ ɢɯ ɩɨɫɥɟɞɭɸɳɟɣ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɨɡɜɨɥɢɥɚ ɫɧɢɡɢɬɶ ɩɪɟɞɟɥɵ ɨɩɪɟɞɟɥɟɧɢɹ ɪɹɞɚ ɷɥɟɦɟɧɬɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ III-V ɤɚɬɟɝɨɪɢɹɦ ɩɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɟɬɨɞɢɤ ɥɚɛɨɪɚɬɨɪɧɨɝɨ 
ɚɧɚɥɢɡɚ ɩɨ ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ (ɈɋɌ 41-08-212-04). 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɉɄɋȺ ɧɚ 30 ɷɥɟɦɟɧɬɨɜ ɭɫɩɟɲɧɨ ɜɧɟɞɪɟɧɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ 
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ȺɈ «ɋɇɂɂȽȽɢɆɋ» ɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɯɨɞɢɬ 
ɚɬɬɟɫɬɚɰɢɸ ɜ ɎȽȻɍ «ȼɂɆɋ». 
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ɍȾɄ 543.06 

ɈɉɊȿȾȿɅȿɇɂȿ ɉȺɅɅȺȾɂə ɆȿɌɈȾɈɆ ɂɇȼȿɊɋɂɈɇɇɈɃ ȼɈɅɖɌȺɆɉȿɊɈɆȿɌɊɂɂ 
ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ȽɊȺɎɂɌɈȼɈȽɈ ɗɅȿɄɌɊɈȾȺ, ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɈȽɈ 

ȼɂɋɆɍɌɈɆ 

ɀ.Ʉ. ɋɚɛɢɬɨɜɚ, ɇ.Ⱥ. Ʉɨɥɩɚɤɨɜɚ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 634050, ɝ. Ɍɨɦɫɤ, ɩɪɨɫɩɟɤɬ Ʌɟɧɢɧɚ, ɞ. 30. 

e-mail:  zhamilya_sabitova@mail.ru 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɫɨɫɬɚɜɚ ɂɆɋ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɫɟɥɟɤɬɢɜɧɨɟ 
ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɟ ɜɢɫɦɭɬɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ Ƚɗ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɜɢɫɦɭɬɨɦ, ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ 
ɦɟɲɚɸɳɟɟ ɜɥɢɹɧɢɟ ɜɨɞɨɪɨɞɚ. 

In research the possibility of an assessment of intermetallic compound composition by the selective electrooxidation of 

bismuth is considered. It is shown that use of graphite electrode modified by bismuth allows to eliminate the disturbing 

hydrogen influence. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ – ɷɬɨ ɢɫɬɨɪɢɹ ɫɨɡɞɚɧɢɹ 
ɧɨɜɵɯ ɢɥɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɜ, ɤɨɦɩɨɡɢɬɨɜ, 
ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɝɨɥɶɧɵɯ ɩɚɫɬ, ɩɨɥɢɦɟɪɨɜ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɢ 
ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ [1]. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 
ɦɨɠɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɚ ɧɚ Ƚɗ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɚɥɥɨɜ–
ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɬɭɬɶ, ɫɜɢɧɟɰ, ɡɨɥɨɬɨ ɢ ɞɪ. [2,3]. Ɇɨɞɢɮɢɤɚɬɨɪ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ ɢɫɬɢɧɧɵɟ ɪɚɫɬɜɨɪɵ, ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɜɧɟɞɪɟɧɢɹ ɢɥɢ ɡɚɦɟɳɟɧɢɹ ɢ 
ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ (ɂɆɋ). ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɥɥɚɞɢɹ ɧɚ Ƚɗ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɜɢɫɦɭɬɨɦ.  

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ ɌȺ-4 (ɈɈɈ «ɌɨɦɶȺɧɚɥɢɬ», ɝ. 
Ɍɨɦɫɤ), ɫ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɹɱɟɣɤɨɣ. Ɋɚɛɨɱɢɦ ɫɥɭɠɢɥ ɝɪɚɮɢɬɨɜɵɣ ɷɥɟɤɬɪɨɞ (Ƚɗ), ɢɦɩɪɟɝɧɢɪɨɜɚɧɧɵɣ 
ɩɚɪɚɮɢɧɨɦ ɢ ɩɨɥɢɷɬɢɥɟɧɨɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ – 

ɧɚɫɵɳɟɧɧɵɣ ɯɥɨɪɢɞɫɟɪɟɛɪɹɧɵɣ (ɯ.ɫ.ɷ.). ɗɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɨɫɚɞɤɚ ɜɢɫɦɭɬ-ɩɚɥɥɚɞɢɣ ɩɪɨɜɨɞɢɥɢ ɢɡ 
ɪɚɫɬɜɨɪɚ 1 Ɇ HCl ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɷɥɟɤɬɪɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɦɢɧɭɫ 0,8 ȼ.  

ɉɪɢ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɢ ɨɫɚɞɤɚ ɜɢɫɦɭɬ-ɩɚɥɥɚɞɢɣ ɧɚ ɜɨɥɶɬɚɦɩɟɪɧɨɣ ɤɪɢɜɨɣ ɧɚɛɥɸɞɚɸɬɫɹ ɬɪɢ ɩɢɤɚ.  
ɉɢɤ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɦɢɧɭɫ 0,2 ȼ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɰɟɫɫɭ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɜɢɫɦɭɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
Ƚɗ; ɩɢɤ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɦɢɧɭɫ 0,1 ȼ ɨɛɭɫɥɨɜɥɟɧ ɩɪɨɰɟɫɫɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɜɢɫɦɭɬɚ 
ɢɡ ɂɆɋ ɫ ɩɚɥɥɚɞɢɟɦ; ɩɢɤ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ɩɥɸɫ 0,4 ȼ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɰɟɫɫɭ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ 
ɩɚɥɥɚɞɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ Ƚɗ. ɉɪɢ ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɢ ɩɚɥɥɚɞɢɹ ɧɚ BiȽɗ ɬɨɤ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɜɢɫɦɭɬɚ 
ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɬɨɤɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɜɢɫɦɭɬɚ ɢɡ ɂɆɋ ɫ ɩɚɥɥɚɞɢɟɦ ɢ ɬɨɤɢ 
ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɩɚɥɥɚɞɢɹ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɥɥɚɞɢɹ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɤɚɤ ɩɨ ɩɢɤɭ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɩɚɥɥɚɞɢɹ, ɬɚɤ ɢ ɩɨ ɩɢɤɭ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɜɢɫɦɭɬɚ ɢɡ ɫɩɥɚɜɚ ɫ ɩɚɥɥɚɞɢɟɦ. ɇɚɢɛɨɥɶɲɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɥɥɚɞɢɹ ɦɟɬɨɞɨɦ ɂȼ ɩɨ ɩɢɤɭ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɩɚɥɥɚɞɢɹ 
ɫ ɩɨɜɟɪɯɧɨɫɬɢ BiȽɗ. ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɫɨɫɬɚɜɚ ɂɆɋ, ɢɡ ɤɨɬɨɪɨɝɨ 
ɩɪɨɢɫɯɨɞɢɬ ɫɟɥɟɤɬɢɜɧɨɟ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɟ ɜɢɫɦɭɬɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ Ƚɗ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɜɢɫɦɭɬɨɦ, ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ ɦɟɲɚɸɳɟɟ ɜɥɢɹɧɢɟ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɣ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɩɚɥɥɚɞɢɟɦ ɢ ɦɟɲɚɟɬ ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɥɥɚɞɢɹ ɦɟɬɨɞɨɦ ɂȼ.  

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ Ƚɗ ɜɢɫɦɭɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɟɤɬɪɨɞɚ. 
Ɇɟɬɨɞɨɦ ɯɪɨɧɨɩɨɬɟɧɰɢɨɦɟɬɪɢɢ ɪɚɫɫɱɢɬɚɧɚ ɩɨɜɟɪɯɧɨɫɬɶ Ƚɗ ɫ ɨɫɚɞɤɨɦ ɜɢɫɦɭɬɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɡɚ ɫɱɟɬ 
ɭɜɟɥɢɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ Ƚɗ ɩɪɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɟɝɨ ɜɢɫɦɭɬɨɦ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɥɥɚɞɢɹ ɩɨ ɩɢɤɭ ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɹ ɫɚɦɨɝɨ ɩɚɥɥɚɞɢɹ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ «ɇɚɭɤɚ» №3805 (1.1488.2015). 
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Ɇɟɬɨɞɨɦ ɢɧɜɟɪɫɢɨɧɧɨɣ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ ɢɫɫɥɟɞɨɜɚɧɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɤɨɟ ɩɨɜɟɞɟɧɢɟ 2,4- ɢ 2,5-

ɞɢɧɢɬɪɨɮɟɧɨɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɬɟɤɥɨɭɝɥɟɪɨɞɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɢ 
ɪɚɡɥɢɱɧɵɯ ɮɨɧɨɜɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ. ȼɵɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɚɧɚɥɢɡɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɹɬɶ ɷɬɢ 
ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɭɪɨɜɧɟ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɉȾɄ. 

The electrochemical behavior of 2,4- and 2,5-dinitrophenols was investigated by means of stripping voltammetry method 

with electrochemically modified glassy carbon electrodes and various electrolytes. The optimal analysis conditions which 

make it possible to determine these compounds at the level of tenths of the MPC were chosen. 

 

ɇɢɬɪɨɮɟɧɨɥɵ ɨɬɧɨɫɹɬɫɹ ɤ ɩɪɢɨɪɢɬɟɬɧɵɦ ɡɚɝɪɹɡɧɢɬɟɥɹɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɢɡ-ɡɚ ɨɩɚɫɧɨɫɬɢ, 
ɤɨɬɨɪɭɸ ɨɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɥɹ ɚɬɦɨɫɮɟɪɵ ɢ ɪɚɫɬɟɧɢɣ, ɩɨɷɬɨɦɭ ɷɬɢɦ ɜɟɳɟɫɬɜɚɦ ɭɞɟɥɹɟɬɫɹ ɨɫɨɛɨɟ 
ɜɧɢɦɚɧɢɟ. ɇɢɬɪɨɮɟɧɨɥɵ, ɜ ɱɚɫɬɧɨɫɬɢ, 2,4-ɞɢɧɢɬɪɨɮɟɧɨɥ (2,4-ȾɇɎ) ɹɜɥɹɸɬɫɹ ɩɨɥɭɩɪɨɞɭɤɬɨɦ 
ɪɹɞɚ ɜɚɠɧɟɣɲɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɢɧɬɟɡɨɜ, ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɤ ɩɟɫɬɢɰɢɞɵ ɢ ɚɧɬɢɫɟɩɬɢɤɢ ɜ ɥɟɫɧɨɣ ɢ 
ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼɟɥɢɱɢɧɚ ɉȾɄ 2,4-ȾɇɎ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ – 0,03 ɦɝ/ɥ; 
ɥɢɦɢɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ ɜɪɟɞɧɨɫɬɢ – ɫɚɧɢɬɚɪɧɨ-ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɣ, ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ – 3 [1]. ȼ 

ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɨɡɧɢɤɚɟɬ ɚɤɬɭɚɥɶɧɚɹ ɩɪɨɛɥɟɦɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 2,4-ȾɇɎ ɜ ɜɨɞɚɯ 
ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɉɪɹɦɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɧɢɬɪɨɮɟɧɨɥɨɜ ɧɚ ɭɪɨɜɧɟ ɉȾɄ ɨɫɥɨɠɧɟɧɨ 
ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɩɪɢɦɟɧɹɟɦɵɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɧɢɠɧɟɣ 
ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɟɦɵɯ ɫɨɞɟɪɠɚɧɢɣ ɧɢɬɪɨɮɟɧɨɥɨɜ ɜ ɜɨɞɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɪɢɟɦɵ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ: ɷɤɫɬɪɚɤɰɢɹ, ɫɨɪɛɰɢɹ, ɢɨɧɧɵɣ ɨɛɦɟɧ, ɯɪɨɦɚɬɨɝɪɚɮɢɹ, ɭɩɚɪɢɜɚɧɢɟ, ɨɬɝɨɧɤɚ ɫ 

ɜɨɞɹɧɵɦ ɩɚɪɨɦ, ɜɵɦɨɪɚɠɢɜɚɧɢɟ ɢ ɬ.ɞ. [2]. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɞɢɧɢɬɪɨɮɟɧɨɥɚ ɩɪɢɦɟɧɹɸɬ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɭɸ ɦɟɬɨɞɢɤɭ, ɤɨɬɨɪɚɹ ɨɱɟɧɶ ɬɪɭɞɨɟɦɤɚ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɧɚɥɢɱɢɟ 
ɩɪɢɦɟɫɟɣ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɴɟɤɬɟ [3].  

ȼɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɨɬɥɢɱɚɸɬɫɹ ɷɤɫɩɪɟɫɫɧɨɫɬɶɸ, ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɢ 
ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ, ɧɨ ɜ ɨɬɧɨɲɟɧɢɢ ɧɢɬɪɨɮɟɧɨɥɨɜ ɷɬɢ ɦɟɬɨɞɵ 
ɪɚɡɪɚɛɨɬɚɧɵ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɨ. Ɉɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɧɚɥɨɠɟɧɢɟ ɩɢɤɨɜ 
ɩɪɢ ɚɧɚɥɢɡɟ ɫɦɟɫɟɣ ɜɟɳɟɫɬɜ. Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢɧɞɢɤɚɬɨɪɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɧɟɨɛɯɨɞɢɦɵɯ 
ɫɜɨɣɫɬɜ, ɭɥɭɱɲɟɧɢɹ ɪɚɡɪɟɲɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɮɟɧɨɥɨɜ [4]. ɉɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɩɨɞɝɨɬɨɜɤɢ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɟɬ 
ɜɨɫɩɪɨɢɡɜɨɞɢɦɨ ɩɨɞɝɨɬɨɜɢɬɶ ɤ ɚɧɚɥɢɡɭ ɩɨɞɥɨɠɤɭ ɥɸɛɨɣ ɝɟɨɦɟɬɪɢɢ ɢ ɪɚɡɦɟɪɨɜ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ 
ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɞɚ ɩɭɬёɦ ɦɧɨɝɨɤɪɚɬɧɨɣ ɟɝɨ ɩɨɥɹɪɢɡɚɰɢɢ ɰɢɤɥɢɱɟɫɤɢɦɢ ɢɦɩɭɥɶɫɚɦɢ ɦɨɠɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɟɝɨ ɯɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ. ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɢɤɢ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 2,4-ȾɇɎ ɢ 2,5-ȾɇɎ ɧɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɬɟɤɥɨɭɝɥɟɪɨɞɧɵɯ ɷɥɟɤɬɪɨɞɚɯ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɢɧɜɟɪɫɢɨɧɧɨɣ 
ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ ɧɚ «Ⱥɧɚɥɢɡɚɬɨɪɟ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɢɱɟɫɤɨɦ ɌȺ-4» (ɝ. Ɍɨɦɫɤ) ɜ 
ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɹɱɟɣɤɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɪёɯ ɢɞɟɧɬɢɱɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɫɬɟɪɠɧɟɜɵɯ ɫɬɟɤɥɨɭɝɥɟɪɨɞɧɵɯ ɷɥɟɤɬɪɨɞɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɮɨɧɨɜɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɚ, ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ, ɞɢɝɢɞɪɨɮɨɫɮɚɬɚ ɤɚɥɢɹ. ɉɨɬɟɧɰɢɚɥ 
ɧɚɤɨɩɥɟɧɢɹ ȿɧɚɤ = 0,0 ȼ. ɋɬɚɧɞɚɪɬɧɵɟ ɪɚɫɬɜɨɪɵ 2,4-ȾɇɎ ɢ 2,5-ȾɇɎ ɝɨɬɨɜɢɥɢ ɩɭɬɟɦ ɪɚɫɬɜɨɪɟɧɢɹ 

ɬɨɱɧɨɣ ɧɚɜɟɫɤɢ ɜɟɳɟɫɬɜɚ ɜ ɷɬɚɧɨɥɟ. ɂɧɞɢɤɚɬɨɪɧɵɟ ɷɥɟɤɬɪɨɞɵ ɦɟɯɚɧɢɱɟɫɤɢ ɩɨɥɢɪɨɜɚɥɢ ɧɚ 
ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (Al2O3/ɇ2Ɉ). ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɋɍɗ ɩɪɨɜɨɞɢɥɢ 
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ɜ ɬɟɱɟɧɢɟ 30 ɫ ɫɬɚɛɢɥɶɧɵɦ ɬɨɤɨɦ ɫ ɩɨɦɨɳɶɸ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ 0,1 Ɇ 
ɄɈɇ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɚɰɟɬɨɧɚ. Ɉɫɭɳɟɫɬɜɥɟɧ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɷɥɟɤɬɪɨɞɨɜ, 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦɭ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɨɬɫɭɬɫɬɜɢɢ ɩɢɤɨɜ ɧɚ ɮɨɧɨɜɵɯ ɜɨɥɶɬɚɦɩɟɪɧɵɯ (ȼȺ) 
ɤɪɢɜɵɯ; ɪɚɡɦɟɪɟ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɢ ɡɧɚɱɢɦɵɯ ɩɨ ɜɟɥɢɱɢɧɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ, ɤɨɬɨɪɵɟ ɞɥɹ 2,4-ȾɇɎ ɢ 2,5-ȾɇɎ ɢɦɟɸɬ ɜɢɞ ɩɢɤɨɜ ɩɪɢ ɩɨɬɟɧɰɢɚɥɚɯ: ɜ 
ɚɰɟɬɚɬɧɨɦ ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ 1,25 ɢ 1,10 ȼ; ɜ ɞɢɝɢɞɪɨɮɨɫɮɚɬɟ ɤɚɥɢɹ 1,10 ɢ 1,05 ȼ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɮɨɧɨɜɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɪɚɫɬɜɨɪɚ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ 
ɹɜɧɵɯ ɩɢɤɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɤɢɫɥɟɧɢɸ ɞɢɧɢɬɪɨɮɟɧɨɥɨɜ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɧɟ ɭɞɚɥɨɫɶ. 
ɂɫɯɨɞɹ ɢɡ ɜɢɞɚ ɮɨɧɨɜɵɯ ȼȺ-ɤɪɢɜɵɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɡɭɱɚɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜ ɤɚɱɟɫɬɜɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɮɨɧɨɜɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɜɵɛɪɚɧ ɚɰɟɬɚɬɧɵɣ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ, ɬɚɤ ɤɚɤ ɨɧ ɩɨɡɜɨɥɹɟɬ 
ɞɨɫɬɢɱɶ ɥɭɱɲɟɝɨ ɪɚɡɪɟɲɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɨɧɨɜɨɝɨ ɬɨɤɚ. 

Ⱥɧɨɞɧɵɟ ɩɢɤɢ 2,4-ȾɇɎ ɢ 2,5-ȾɇɎ ɩɪɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɜɟɞɟɧɢɢ ɷɬɢɯ ɜɟɳɟɫɬɜ ɜ ɚɰɟɬɚɬɧɵɣ 
ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ ɥɢɧɟɣɧɨ ɜɨɡɪɚɫɬɚɸɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɋ(2,4-ȾɇɎ) = 

(0,5 – 1,4)·10-5 ɦɨɥɶ/ɥ ɢ ɋ(2,5-ȾɇɎ) = (0,5 – 4,0)10-6 ɦɨɥɶ/ɥ, ɩɨ ɷɬɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɩɪɟɞɥɚɝɚɟɦɵɟ 
ɭɫɥɨɜɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɭɤɚɡɚɧɧɵɟ ɞɢɧɢɬɪɨɮɟɧɨɥɵ ɧɚ ɭɪɨɜɧɟ ɞɟɫɹɬɵɯ ɢ ɞɚɠɟ 
ɫɨɬɵɯ ɞɨɥɟɣ ɉȾɄ ɞɥɹ ɩɢɬɶɟɜɵɯ ɜɨɞ. Ɉɞɧɚɤɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɞɟɥɶɧɨɝɨ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɧɢɬɪɨɮɟɧɨɥɨɜ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɩɪɢɫɭɬɫɬɜɢɢ ɨɝɪɚɧɢɱɟɧɵ ɬɟɦ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɵɟ 
ɚɧɨɞɧɵɟ ɩɢɤɢ ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɣ ɨɛɥɚɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ, ɬ.ɟ. ɜ ɩɪɟɞɥɚɝɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨ 
ɬɨɥɶɤɨ ɫɭɦɦɚɪɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 2,4- ɢ 2,5-ȾɇɎ. 
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ɋ 6-ɎȿɇɂɅ-1,11-ȾɂɈɄɋȺ-4,8-ȾɂɌɂȺ-6-ȺɁȺɐɂɄɅɈɌɊɂȾȿɄȺɇɈɆ 
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N-ɮɟɧɢɥ-1,11-ɞɢɨɤɫɚ-4,8-ɞɢɬɢɚ-6-ɚɡɚɰɢɤɥɨɬɪɢɞɟɤɚɧ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɪɟɚɤɰɢɟɣ ɰɢɤɥɨɤɨɧɞɟɧɫɚɰɢɢ ɚɧɢɥɢɧɚ ɫ 

ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɢ 3,6-ɞɢɨɤɫɚ-1,8-ɨɤɬɚɧɞɢɬɢɨɥɨɦ, ɢɫɩɵɬɚɧ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɟɝɨ ɥɢɝɚɧɞɚ ɫ ɪɨɞɢɟɦ. 
In a cyclocondensation reaction of aniline with formaldehyde and 3,6-dioxa-1,8-octanedithiol 6-phenyl-1,11-dioxa-4,8-

dithia-6-azacyclotridecane has been synthesized and tested as complexing ligand with rhodium. 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɪɭɬɟɧɢɹ, 
ɪɨɞɢɹ ɢ ɩɚɥɥɚɞɢɹ, ɨɛɥɚɞɚɸɬ ɤɨɦɩɥɟɤɫɨɦ ɰɟɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɩɪɢɦɟɧɹɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɚɯ ɝɨɦɨɝɟɧɧɨɝɨ ɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ, ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɨɤɪɵɬɢɣ, ɞɥɹ ɫɢɧɬɟɡɚ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ [1]. 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɪɟɦɟɧɧɨɣ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɹɜɥɹɟɬɫɹ 
ɫɢɧɬɟɡ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɥɢɝɚɧɞɨɜ. 
ɇɚɩɪɢɦɟɪ, ɩɪɨɢɡɜɨɞɧɵɟ ɩɢɪɢɞɢɧɚ ɨɛɪɚɡɭɸɬ ɫ ɢɨɧɨɦ Rh(III) ɤɚɬɢɨɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɱɚɫɬɢɰɵ, 
ɨɛɥɚɞɚɸɳɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ, ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, 
ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɢ ɞɪɭɝɢɦɢ ɫɜɨɣɫɬɜɚɦɢ [2].  

ɋ ɰɟɥɶɸ ɩɨɢɫɤɚ ɧɨɜɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɪɨɞɢɹ(III), ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɤɚɧɰɟɪɨɫɬɚɬɢɤɨɜ, ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɯɥɨɪɨɤɨɦɩɥɟɤɫ ɪɨɞɢɹ(III) c 6-

ɮɟɧɢɥ-1,11-ɞɢɨɤɫɚ-4,8-ɞɢɬɢɚ-6-ɚɡɚɰɢɤɥɨɬɪɢɞɟɤɚɧɨɦ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ. ɋɨɟɞɢɧɟɧɢɟ ɛɵɥɨ ɫɢɧɬɟɡɢɪɨɜɚɧɨ ɨɞɧɨɪɟɚɤɬɨɪɧɵɦ ɰɢɤɥɨɬɢɨɦɟɬɢɥɢɪɨɜɚɧɢɟɦ ɚɧɢɥɢɧɚ ɫ 
ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɢ 3,6-ɞɢɨɤɫɚ-1,8-ɨɤɬɚɧɞɢɬɢɨɥɨɦ [3]. 

Ʉɨɦɩɥɟɤɫ ɯɥɨɪɢɞɚ ɪɨɞɢɹ(III) c ɢɡɭɱɚɟɦɵɦ ɪɟɚɝɟɧɬɨɦ ɫɢɧɬɟɡɢɪɨɜɚɧ ɢɡ ɜɨɞɧɨ - ɷɬɚɧɨɥɶɧɨɣ 
ɫɪɟɞɵ ɦɟɬɨɞɨɦ ɡɚɦɟɳɟɧɢɹ ɚɰɢɞɨɥɢɝɚɧɞɨɜ ɧɚ ɞɨɧɨɪɧɵɟ ɚɬɨɦɵ ɪɟɚɝɟɧɬɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 
ɡɚɞɚɜɚɟɦɨɦ ɫɨɨɬɧɨɲɟɧɢɢ (RhCl3∙4H2O ɢɫɯɨɞɧɚɹ ɫɨɥɶ ɪɨɞɢɹ(III)) Rh:L=1:1, ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ 
ɫɨɫɬɚɜɚ Rh2Cl4(OH)2L3 (ɜɵɯɨɞ 45.4%). Ʉɨɦɩɥɟɤɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ 
ɬɟɥɟɫɧɨɝɨ ɰɜɟɬɚ ɫ Ɍɩɥ=128-130 °ɋ, ɫɥɚɛɨ ɪɚɫɬɜɨɪɢɦɨɟ ɜ ɯɥɨɪɨɮɨɪɦɟ ɢ ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɟ. ȼ 
ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞёɧ ɷɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

Ɍɚɛɥɢɰɚ 1 

ɗɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɤɨɦɩɥɟɤɫɚ ɫɨɫɬɚɜɚ Rh2Cl4(OH)2L3 
 C H N S Cl Rh 

ɇɚɣɞɟɧɨ, % 38.96 4.87 3.06 15.35 11.66 15.75 

ȼɵɱɢɫɥɟɧɨ, % 39.41 5.00 3.28 15.02 11.07 16.09 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱёɬ ɨɛɪɚɡɨɜɚɧɢɹ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɜɹɡɢ S→Rh. ȼ ɷɥɟɤɬɪɨɧɧɨɦ ɫɩɟɤɬɪɟ ɩɨɝɥɨɳɟɧɢɹ ɤɨɦɩɥɟɤɫɚ (ɪɚɫɬɜɨɪɢɬɟɥɶ - 

ɷɬɚɧɨɥ) ɢɦɟɸɬɫɹ ɲɢɪɨɤɢɟ ɩɨɥɨɫɵ ɫ ɦɚɤɫɢɦɭɦɨɦ ɩɪɢ 38080 ɫɦ-1 (ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ, ɪɟɚɝɟɧɬ) 
(42000….36000 ɫɦ-1)  ɢ 34960 ɫɦ-1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɨɥɨɫɟ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ (ɉɉɁ) S→Rh. ɉɉɁ 
Cl→Rh ɫɤɪɵɬɚ ɲɢɪɨɤɨɣ ɩɨɥɨɫɨɣ ɩɨɝɥɨɳɟɧɢɹ ɪɟɚɝɟɧɬɚ. ɉɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ d-

d ɩɟɪɟɯɨɞɚɦ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɫɥɚɛɵɯ ɩɥɟɱ ɩɪɢ 26000 ɢ 19000 ɫɦ-1 ɜ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ.  
ȼ ɂɄ-ɫɩɟɤɬɪɟ ɤɨɦɩɥɟɤɫɚ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 348, 332 ɢ 294 ɫɦ-1 ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɜɚɥɟɧɬɧɵɦ ɤɨɥɟɛɚɧɢɹɦ Ȟ (Rh-Cl), ɩɪɢ 536  ɫɦ-1 – Ȟ (Rh-S), ɩɪɢ 448 ɫɦ-1 – Ȟ (Rh-O). 

Ⱦɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ į(Ɉɇ) ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɫɥɚɛɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 972 ɫɦ-1 

ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ Ɉɇ- ɝɪɭɩɩɭ ɜ ɤɨɦɩɥɟɤɫɟ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɤɨɨɪɞɢɧɚɰɢɸ 
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ɚɬɨɦɚ ɫɟɪɵ ɪɟɚɝɟɧɬɚ ɤ ɪɨɞɢɸ(III). ȼ ɂɄ-ɫɩɟɤɬɪɟ ɤɨɦɩɥɟɤɫɚ ɫɞɜɢɝɨɜ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 
1142 ɫɦ-1 (C–O–C) ɢ 1270 ɫɦ-1 (C–O–C), ɩɪɨɹɜɥɹɟɦɵɯ ɜ ɪɟɚɝɟɧɬɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɬɚɤɠɟ 
ɩɨɞɬɜɟɪɠɞɚɟɬ ɤɨɨɪɞɢɧɚɰɢɸ ɬɨɥɶɤɨ ɚɬɨɦɨɜ ɫɟɪɵ ɪɟɚɝɟɧɬɚ ɤ ɪɨɞɢɸ(III). ȼɵɞɟɥɟɧɧɵɣ ɤɨɦɩɥɟɤɫ 
ɨɱɟɧɶ ɫɥɚɛɨ ɪɚɫɬɜɨɪɢɦ ɜ ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɟ. Ɉɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫɩɟɤɬɪɵ əɆɊ 1ɇ ɢ 13ɋ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɜɨɡɦɨɠɧɵɦ.  

ɂɫɯɨɞɹ ɢɡ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɩɨɥɨɠɟɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ I. 
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Ⱦɜɨɣɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɥɢ (ȾɄɋ), ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫɧɵɣ ɤɚɬɢɨɧ ɨɞɧɨɝɨ ɦɟɬɚɥɥɚ ɢ 

ɤɨɦɩɥɟɤɫɧɵɣ ɚɧɢɨɧ ɞɪɭɝɨɝɨ ɦɟɬɚɥɥɚ, ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ ɪɚɡɥɢɱɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɩɨɥɭɱɟɧɢɟ ɧɚɧɟɫɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɡ ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɚɬɚ (II) 

ɝɟɤɫɚɚɦɦɢɧɧɢɤɟɥɹ (II) ɚɜɬɨɤɥɚɜɧɵɦ ɦɟɬɨɞɨɦ. Ɋɚɡɥɨɠɟɧɢɟ ɞɜɨɣɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɪɨɜɨɞɢɥɢ ɜ ɚɜɬɨɤɥɚɜɚɯ ɜ ɳɟɥɨɱɧɨɣ 
ɫɪɟɞɟ. ɉɪɨɞɭɤɬɵ ɚɜɬɨɤɥɚɜɧɨɝɨ ɬɟɪɦɨɥɢɡɚ [Ni(NH3)6][PtCl4] ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɚɦɢ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ, ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɨɠɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ 
ɝɟɬɟɪɨɝɟɧɧɚɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɬɢɧɵ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ ɧɚ ɛɨɥɟɟ 
ɤɪɭɩɧɵɯ ɱɚɫɬɢɰɚɯ ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ. 

ɉɨɥɭɱɟɧɧɵɟ ɚɜɬɨɤɥɚɜɧɵɦ ɦɟɬɨɞɨɦ ɧɚɧɟɫɟɧɧɵɟ ɧɚ ɫɬɪɭɠɤɭ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɚɥɸɦɢɧɢɟɜɵɟ ɝɪɚɧɭɥɵ ɢɥɢ 
ɧɚ ɩɨɪɢɫɬɵɣ ɛɥɨɤ ɤɚɬɚɥɢɡɚɬɨɪɵ ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɪɟɚɤɰɢɢ ɞɨɠɢɝɚ ɩɪɨɩɚɧɚ 

Binary complex salts (DCS) have a complex cation of one metal and a complex anion of another metal in their 

composition. They are prospective compounds preceding different functional materials. The preparation of inflicted catalysts 

from tetrachloroplatinate (II) hexaamminickel (II) by autoclave method has been studied. We have carried out decomposition 

of binary complex under alkaline solution in the autoclave. The product of autoclave thermolysis [Ni(NH3)6][PtCl4] has been 

studied by means of scanning electron microscopy (SEM), energy-dispersive x-ray (EDX) microanalysis. Heterogeneous 

system consisting of different form platinum metal fine particles situated on bigger nikel oxides particles appears as a result 

of decomposition. 

The catalysts were obtained by autoclave method and were inflicted to shavings from stainless steel, aluminum granules 

or to a porous block. Then it was tested in a propane afterburning reaction. 

 

ɋɨɡɞɚɧɢɟ ɧɨɜɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɜɵɫɨɤɢɟ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɩɪɢ ɧɢɡɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, 

ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɧɚɧɟɫɟɧɧɵɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɮɚɡ, ɫɨɱɟɬɚɸɳɢɯ ɜ ɫɟɛɟ ɩɥɚɬɢɧɨɜɵɣ ɦɟɬɚɥɥ, ɜɵɩɨɥɧɹɸɳɢɣ 
ɨɫɧɨɜɧɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ, ɢ ɫɨɟɞɢɧɟɧɢɹ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɢɝɪɚɸɳɢɯ ɪɨɥɶ ɩɪɨɦɨɬɨɪɚ. 
Ⱦɥɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɢɧɬɟɡɚ ɬɚɤɢɯ ɮɚɡ ɩɟɪɫɩɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɨɣɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ 
ɫɨɥɟɣ (ȾɄɋ) ɜ ɤɚɱɟɫɬɜɟ ɫɨɟɞɢɧɟɧɢɣ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ. ɂɡɜɟɫɬɟɧ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɫɢɧɬɟɡ 
ɞɢɫɩɟɪɫɧɵɯ ɮɚɡ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɢɯ ɚɦɦɢɚɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɇɵ ɩɪɟɞɩɨɥɨɠɢɥɢ, ɱɬɨ 
ɚɜɬɨɤɥɚɜɧɵɣ ɬɟɪɦɨɥɢɡ ɞɜɨɣɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɚɦɦɢɚɤɚɬɨɜ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ 
ɯɥɨɪɨɚɧɢɨɧɨɜ ɩɥɚɬɢɧɵ, ɩɪɢɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɮɚɡ ɢɡ ɨɤɫɢɞɚ ɰɜɟɬɧɨɝɨ 
ɦɟɬɚɥɥɚ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɬɢɧɵ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɢɡ [Ni(NH3)6][PtCl4] ɧɚɧɟɫɟɧɧɨɝɨ ɧɢɤɟɥɶ-ɩɥɚɬɢɧɨɜɨɝɨ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɨɫɢɬɟɥɹɯ. 

Ⱦɜɨɣɧɨɣ ɤɨɦɩɥɟɤɫ [Ni(NH3)6][PtCl4] ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɪɟɚɤɰɢɟɣ ɨɛɦɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɪɨɫɬɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɋɚɡɥɨɠɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ KOH, ɜ 
ɚɜɬɨɤɥɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 190 °ɋ ɜ ɬɟɱɟɧɢɟ 2,5 ɱɚɫɨɜ.  

ɉɨɜɟɪɯɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɚɦɢ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ ɢ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ. 

ɏɢɦɢɱɟɫɤɨɦɭ ɩɪɟɜɪɚɳɟɧɢɸ ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɚɤ ɤɚɬɢɨɧɧɚɹ, ɬɚɤ ɢ ɚɧɢɨɧɧɚɹ ɱɚɫɬɶ ȾɄɋ. ɉɪɢɱɟɦ 
ɚɦɦɢɚɤɚɬ ɧɢɤɟɥɹ ɩɨɞɜɟɪɠɟɧ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɝɢɞɪɨɥɢɡɭ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɯ ɨɤɫɢɞɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɥɚɬɢɧɚ, ɜɯɨɞɹɳɚɹ ɜ ɫɨɫɬɚɜ ɚɧɢɨɧɧɨɣ ɱɚɫɬɢ, 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɚɜɬɨɤɥɚɜɟ ɤɨɦɩɥɟɤɫ ɩɨɞɜɟɪɝɚɟɬɫɹ ɪɹɞɭ ɩɪɟɜɪɚɳɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ 
ɝɢɞɪɨɥɢɡ, ɥɢɝɚɧɞɧɵɣ ɨɛɦɟɧ, ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɢɜɨɞɹɳɢɯ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɱɚɫɬɢɰ ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ, ɧɚ ɤɨɬɨɪɵɯ ɮɨɪɦɢɪɭɟɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɥɚɬɢɧɚ 

ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɦɤɦ. Ⱦɥɹ ɦɨɧɨɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɬɢɧɵ 
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ɯɚɪɚɤɬɟɪɧɵ ɫɮɟɪɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ, ɪɚɡɦɟɪɨɦ ɧɟɫɤɨɥɶɤɨ ɦɤɦ, ɫɤɨɚɝɭɥɢɪɨɜɚɧɧɵɟ ɜ ɛɨɥɟɟ ɤɪɭɩɧɵɟ 
ɱɚɫɬɢɰɵ. 

ȼ ɚɜɬɨɤɥɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡ ɞɜɨɣɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚɧɟɫɟɧɧɵɟ ɩɥɚɬɢɧɚ-

ɧɢɤɟɥɟɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ. ȼ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɤɫɢɞɢɪɨɜɚɧɧɭɸ ɫɬɪɭɠɤɭ ɢɡ 
ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ (ɧɫ), ɨɤɫɢɞɢɪɨɜɚɧɧɵɟ ɯɢɦɢɱɟɫɤɢɯ ɩɭɬɟɦ ɝɪɚɧɭɥɵ ɚɥɸɦɢɧɢɹ (Al) ɢ ɛɥɨɱɧɵɣ 
ɩɨɪɢɫɬɵɣ ɧɨɫɢɬɟɥɶ «ɦɟɬɚɥɥɨɪɟɡɢɧɚ» ɢɡ ɧɢɯɪɨɦɚ (ɧɢɯɪɨɦ).  

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pt/NiO/ɧɫ, Pt/NiO/Al ɢ Pt/NiɈ/ɧɢɯɪɨɦ, ɢɫɫɥɟɞɨɜɚɥɢ ɜ 
ɪɟɚɤɰɢɢ ɩɨɥɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɨɩɚɧɚ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɫ 
ɝɚɡɨɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. Ɉɩɪɟɞɟɥɹɥɢ ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ 
ɩɪɨɩɚɧɚ ɩɪɢ 200-400 °ɋ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ 

ɢ ɧɚ ɦɟɬɚɥɥɨɪɟɡɢɧɟ ɜɵɲɟ, ɱɟɦ ɧɚ ɚɥɸɦɢɧɢɢ. ɋɪɚɜɧɟɧɢɟ ɫ ɦɨɧɨɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɩɥɚɬɢɧɨɜɵɦɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɚɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ 
ɫɢɫɬɟɦɵ ɩɪɨɹɜɥɹɸɬ ɬɭ ɠɟ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ ɦɟɧɶɲɟɦ ɫɨɞɟɪɠɚɧɢɢ ɩɥɚɬɢɧɵ. 
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ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɵ ɪɚɜɧɨɜɟɫɢɹ ɫɬɭɩɟɧɱɚɬɨɝɨ ɡɚɦɟɳɟɧɢɹ ɜ ɤɨɦɩɥɟɤɫɚɯ ɡɨɥɨɬɚ(I) ɫ ɫɟɪɨɫɨɞɟɪɠɚɳɢɦɢ ɥɢɝɚɧɞɚɦɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɪɬɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɭɥɶɮɢɬɧɵɣ Au(SO3)2
3–. Ɉɩɪɟɞɟɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɦ ɢ 

ɤɨɧɫɬɚɧɬɵ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
In this work, the equilibria of stepwise substitution in gold(I)  complexes with sulfur-containing ligands were studied. As 

a starting complex, sulphite complex Au(SO3)2
3– was used. Forms characteristics and stability constants were determined. 

 

ȼɵɫɨɤɨɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ ɡɨɥɨɬɚ(I) ɫ ɫɟɪɨɫɨɞɟɪɠɚɳɢɦɢ ɥɢɝɚɧɞɚɦɢ ɧɚɯɨɞɹɬ 
ɪɚɡɧɨɨɛɪɚɡɧɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɧɚɱɢɧɚɹ ɨɬ ɦɟɞɢɰɢɧɵ (ɥɟɱɟɧɢɟ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, 
ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɬɟɪɚɩɢɹ) ɢ ɞɨ ɪɟɝɭɥɹɬɨɪɨɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɢ 
ɤɨɦɩɨɧɟɧɬɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɡɨɥɨɱɟɧɢɹ [1, 2]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɞɚɧɧɵɯ ɨ ɜɢɞɟ ɮɨɪɦ ɜ ɪɚɫɬɜɨɪɟ ɢ ɨɛ ɢɯ 
ɭɫɬɨɣɱɢɜɨɫɬɢ (ɤɚɤ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ, ɬɚɤ ɢ ɤ ɡɚɦɟɳɟɧɢɸ ɥɢɝɚɧɞɨɜ) ɤɪɚɣɧɟ ɦɚɥɨ. 
ɉɪɨɛɥɟɦɚ ɫɨɫɬɨɢɬ ɜ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɢɯ ɤɨɦɩɥɟɤɫɨɜ ɢ ɨɬɫɭɬɫɬɜɢɢ ɧɚɞɟɠɧɨɝɨ 
ɦɟɬɨɞɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ʉɨɦɩɥɟɤɫɵ ɡɨɥɨɬɚ(I) ɱɚɫɬɨ ɧɟ ɢɦɟɸɬ ɢɧɮɨɪɦɚɬɢɜɧɨɝɨ ɫɩɟɤɬɪɚ, ɚ 
ɩɨɬɟɧɰɢɚɥɵ ɡɨɥɨɬɵɯ ɷɥɟɤɬɪɨɞɨɜ ɨɛɵɱɧɨ ɩɥɨɯɨ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵ. 

Ɋɟɲɟɧɢɟ ɱɚɫɬɢ ɩɪɨɛɥɟɦ ɜɨɡɦɨɠɧɨ, ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɡɨɥɨɬɚ(I) ɫɭɥɶɮɢɬɧɵɣ – Au(SO3)2

3–, ɤɨɬɨɪɵɣ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɢɡɭɱɟɧ, ɚ ɫ 
ɞɪɭɝɨɣ, ɫɚɦ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɭɫɬɨɣɱɢɜɵɦ. Ɉɞɧɚɤɨ ɫɭɥɶɮɢɬɧɵɣ ɤɨɦɩɥɟɤɫ ɧɟɭɫɬɨɣɱɢɜ ɤ 
ɫɚɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɬɪɟɛɨɜɚɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɧɚɣɞɟɧɵ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɚɠɟ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ (pH > 2), ɤɨɦɩɥɟɤɫ ɹɜɥɹɟɬɫɹ 
ɭɫɬɨɣɱɢɜɵɦ (ɧɟɬ ɫɥɟɞɨɜ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɡɨɥɨɬɚ) ɛɨɥɶɲɟ ɱɚɫɚ.   

ȼɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɚɯ ɬɢɨɫɭɥɶɮɚɬɧɵɯ, ɦɟɬɢɨɧɢɧɨɜɵɯ, ɰɢɫɬɟɢɧɚɬɧɵɯ ɢ 
ɬɢɨɦɚɥɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɡɨɥɨɬɚ(I). ɂɡɭɱɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɦɟɬɨɞɚɦɢ pH-ɦɟɬɪɢɢ, 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɢ ɢ ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ (Agilent 3DCE 1600A). Ɉɩɪɟɞɟɥɟɧɵ ɤɨɧɫɬɚɧɬɵ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɦɟɲɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. ɇɚɢɛɨɥɟɟ 
ɭɫɬɨɣɱɢɜɵɦɢ ɹɜɥɹɸɬɫɹ ɰɢɫɬɟɢɧɚɬɧɵɟ ɢ ɬɢɨɦɚɥɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɧɢɯ ɛɨɥɶɲɭɸ 
ɪɨɥɶ ɢɝɪɚɸɬ ɩɪɨɰɟɫɫɵ ɩɪɨɬɨɧɢɪɨɜɚɧɢɹ ɫɚɦɢɯ ɤɨɦɩɥɟɤɫɨɜ (ɱɬɨ ɨɛɵɱɧɨ ɭɩɭɫɤɚɸɬ ɢɡ ɜɢɞɚ). 
Ʉɨɧɫɬɚɧɬɵ ɩɪɨɬɨɧɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɜɵɲɟ, ɱɟɦ ɤɨɧɫɬɚɧɬɵ ɩɪɨɬɨɧɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɥɢɝɚɧɞɨɜ, ɱɬɨ ɦɵ ɫɜɹɡɵɜɚɟɦ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɚɪɹɞɨɦ 
ɤɨɦɩɥɟɤɫɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɡɚɪɹɞɨɦ ɥɢɝɚɧɞɚ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɨɛɴɹɫɧɢɬɶ ɪɹɞ 
ɧɟɨɛɵɱɧɵɯ ɫɜɨɣɫɬɜ ɷɬɢɯ ɫɢɫɬɟɦ. Ɍɚɤ, ɡɚɦɟɞɥɟɧɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɬɢɨɦɚɥɚɬɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ ɡɨɥɨɬɚ(I) ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ ɩɨɥɢɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɨɣ.  

ɇɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɦɟɬɢɨɧɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɫɨɛɵɦ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɚɬɨɦɚ ɫɟɪɵ ɜ ɦɨɥɟɤɭɥɟ ɦɟɬɢɨɧɢɧɚ. ȼ ɫɥɭɱɚɟ ɬɢɨɫɭɥɶɮɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɨɤɚɡɚɧɚ 
ɛɨɥɶɲɚɹ ɪɨɥɶ ɫɦɟɲɚɧɧɵɯ ɮɨɪɦ, ɜ ɱɚɫɬɧɨɫɬɢ ɫɭɥɶɮɢɬɧɨ-ɬɢɨɫɭɥɶɮɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ [3]. 
Ɉɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢɡɭɱɟɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɚɡɥɢɱɧɚ. Ɉɧɚ ɧɚɢɛɨɥɟɟ 
ɜɵɫɨɤɚ ɭ ɬɢɨɫɭɥɶɮɚɬɧɨɝɨ ɢ ɬɢɨɦɚɥɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɨɜ.  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɮɨɪɦ 
ɡɨɥɨɬɚ(I) ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɧɟɤɨɬɨɪɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɪɟɧɞ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɣ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚɩɪɚɜɥɟɧ ɧɚ ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɨɜ 

ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɫɵɪɶɹ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɜɵɫɨɤɨɣ ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɢ. ȼ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɹ 
ɦɚɫɥɚ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɨɬɯɨɞɵ ɦɚɫɥɢɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ – ɠɦɵɯ. ɀɦɵɯ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ ɦɨɠɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɛɟɥɤɚ ɜ ɪɚɰɢɨɧɟ ɱɟɥɨɜɟɤɚ. ɑɬɨɛɵ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɟɥɤɢ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɨɪɟɯɚɯ, ɬɪɟɛɭɟɬɫɹ ɩɨɥɧɨɫɬɶɸ ɩɨɧɢɦɚɬɶ ɢɯ ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ. ɐɟɥɶɸ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɛɟɥɤɨɜɵɯ ɮɪɚɤɰɢɣ ɩɥɨɞɨɜ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ ɤɭɥɶɬɢɜɢɪɭɟɦɨɝɨ ɜ 
Ʉɪɵɦɭ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɪɚɬɟɝɢɢ top-down MALDI-TOF/TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. Ȼɟɥɤɨɜɵɟ ɮɪɚɤɰɢɢ ɛɵɥɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɞɟɥɟɧɵ, ɪɚɡɞɟɥɟɧɵ ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ (ɉȺȺȽ) ɢ ɝɟɥɶ-

ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɨɦ MALDI-TOF/TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɩɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɬɟɤɫɬɟ ɪɚɛɨɬɵ. 

Now the trend of development of technologies of the food industry directed to creation of methods of deep processing of 

raw materials for the purpose of creation of products of a high value added. In the course of receiving oil of a walnut waste 

of olive production - meal formed. Meal of a walnut can be consider as an additional source of vegetable protein in a diet of 

the human. Fully to use the proteins, which are contained in nuts, is required to understand their structure and properties 

completely. Research of structure of protein fractions of a nut with use of strategy of top-down MALDI-TOF/TOF mass 

spectrometry was the purpose of this work. Protein fractions was previously extracted, divided by electrophoresis methods in 

polyacrylamide gel (PAAG) and size-exclusion chromatography, investigated by the mass spectrometry MALDI-TOF/TOF 

method. 

 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɩɥɨɞɵ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ (Juglans regia L.) 

ɪɚɡɥɢɱɧɵɯ ɩɨɦɨɥɨɝɢɱɟɫɤɢɯ ɫɨɪɬɨɜ (Ⱥɥɶɦɢɧɫɤɢɣ, Ⱥɪɤɚɞ, Ȼɭɪɥɸɤ, Ⱦɨɥɢɧɧɵɣ, Ʉɚɪɥɢɤ 3, Ʉɚɪɥɢɤ 5 
ɢ ɉɨɞɚɪɨɤ ȼɚɥɟɧɬɢɧɵ), ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɜ Ʉɪɵɦɭ, ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɢɯ ɩɪɨɬɟɨɦɚ. ɂɫɫɥɟɞɭɟɦɵɟ 
ɨɛɪɚɡɰɵ ɫɨɛɪɚɧɵ ɜɨ 2–3 ɞɟɤɚɞɟ ɫɟɧɬɹɛɪɹ 2016 ɝ. (ɫɬɚɞɢɹ “ɫɴɟɦɧɚɹ ɫɬɟɩɟɧɶ ɡɪɟɥɨɫɬɢ”) ɜ 
ɤɨɥɥɟɤɰɢɨɧɧɵɯ ɧɚɫɚɠɞɟɧɢɹɯ ɇɢɤɢɬɫɤɨɝɨ ɛɨɬɚɧɢɱɟɫɤɨɝɨ ɫɚɞɚ – ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ 
ɊȺɇ (Ʉɪɵɦ, Ɋɨɫɫɢɹ). ɋɛɨɪ, ɨɱɢɫɬɤɭ, ɫɭɲɤɭ ɞɨ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ 
ɩɥɨɞɨɜ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ ɩɪɨɢɡɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɳɟɩɪɢɧɹɬɵɯ ɦɟɬɨɞɨɜ. Ɉɱɢɳɟɧɧɨɟ ɹɞɪɨ 
ɞɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɯɪɚɧɢɥɢ ɜ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɬɨɣ ɩɨɥɢɦɟɪɧɨɣ ɭɩɚɤɨɜɤɟ ɩɪɢ –
24°ɋ. 

ɗɤɫɬɪɚɤɰɢɸ ɛɟɥɤɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɧɚɦɢ ɦɟɬɨɞɢɤɟ: ɧɚɜɟɫɤɭ ɩɥɨɞɨɜ ɨɪɟɯɚ 
ɦɚɫɫɨɣ 3 ɝ, ɩɨɦɟɳɚɥɢ ɜ ɩɥɚɫɬɢɤɨɜɭɸ ɩɪɨɛɢɪɤɭ ɨɛɴёɦɨɦ 50 ɦɥ, ɞɨɛɚɜɥɹɥɢ 30 ɦɥ 0.25Ɇ ɛɭɮɟɪɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɝɥɢɰɢɧ – KOH pH 8.5, ɫɨɞɟɪɠɚɳɟɝɨ 10% ɬɪɢɬɨɧ X-100 ɜ ɤɚɱɟɫɬɜɟ ɞɟɬɟɪɝɟɧɬɚ ɢ 
ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢ ɩɪɢ +4°ɋ. ɉɨɥɭɱɟɧɧɵɣ ɝɨɦɨɝɟɧɚɬ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɢ 15000 g ɢ +4°ɋ, 
ɫɭɩɟɪɧɚɬɚɧɬ ɩɟɪɟɧɨɫɢɥɢ ɜ ɱɢɫɬɭɸ ɩɥɚɫɬɢɤɨɜɭɸ ɩɪɨɛɢɪɤɭ ɢ ɩɨɞɤɢɫɥɹɥɢ ɞɨ pH 4–5 0.2Ɇ 
ɪɚɫɬɜɨɪɨɦ HCl. ȼɵɩɚɜɲɢɟ ɛɟɥɤɢ ɨɬɞɟɥɹɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 15000 g. Ȼɟɥɤɨɜɵɣ ɨɫɚɞɨɤ 
ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ 1ɏ ɛɭɮɟɪɟ ɬɪɢɫ-ɝɥɢɰɢɧ 10% SDS pH 8.0. ɉɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ 
ɮɢɥɶɬɪɨɜɚɥɢ ɱɟɪɟɡ 0.45 ɦɤɦ ɬɟɮɥɨɧɨɜɵɣ ɮɢɥɶɬɪ ɢ ɯɪɚɧɢɥɢ ɩɪɢ –20°ɋ, ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉȺȺȽ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɢ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. 
ȼ ɯɨɞɟ ɨɩɬɢɦɢɡɚɰɢɢ ɦɟɬɨɞɚ ɷɤɫɬɪɚɤɰɢɢ ɛɟɥɤɨɜ ɢɡ ɩɥɨɞɨɜ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ, ɧɚɦɢ ɨɛɧɚɪɭɠɟɧɚ ɟɟ 
ɧɢɡɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɣɬɪɚɥɶɧɵɯ ɢɥɢ ɫɥɚɛɨɤɢɫɥɵɯ ɛɭɮɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ. 

mailto:chupakhinevgen@gmail.com
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ɗɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɜɨɞɢɥɢ ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɪɚɞɢɟɧɬɧɨɦ ɝɟɥɟ (6–12%). ȼ ɤɚɱɟɫɬɜɟ 
ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɛɵɥ ɜɵɛɪɚɧ 1ɏ TGS (ɬɪɢɫ-ɝɥɢɰɢɧ, ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ 
ɧɚɬɪɢɹ). ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɢɫɬɨɱɧɢɤɟ 80 ȼ. Ɂɚɝɪɭɡɨɱɧɵɦ ɛɭɮɟɪɨɦ ɫɥɭɠɢɥ «Ʌɟɦɥɢ ɛɭɮɟɪɧɵɣ 
ɪɚɫɬɜɨɪ». Ɇɨɥɟɤɭɥɹɪɧɵɣ ɦɚɪɤɟɪ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ «Ȼɢɨɪɚɞ» «Broad Range». Ɋɟɡɭɥɶɬɚɬɵ 
ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬɵ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɛɟɥɤɨɜɵɯ ɷɤɫɬɪɚɤɬɨɜ ɩɥɨɞɨɜ ɨɪɟɯɚ Juglans regia L. ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ 
ɞɟɧɚɬɭɪɢɪɭɸɳɟɦ ɝɟɥɟ. A, B – ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɨɜ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ; A – ɨɛɪɚɡɰɵ 

ɧɟ ɩɨɞɜɟɪɝɧɭɬɵɟ ɞɟɣɫɬɜɢɸ 2-ɦɟɪɚɤɩɬɨɷɬɚɧɨɥɚ, B – ɨɛɪɚɡɰɵ ɨɛɪɚɛɨɬɚɧɧɵɟ 2-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥɚɦ ɩɟɪɟɞ 
ɜɧɟɫɟɧɢɟɦ ɜ ɝɟɥɶ. Mw – ɦɚɪɤɟɪ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ, ɫɨɞɟɪɠɚɳɢɣ ɫɬɚɧɞɚɪɬɵ ɛɟɥɤɨɜ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦɚɫɫɚɦɢ ɜ ɤȾɚ. 
 

Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɮɪɚɤɰɢɣ ɛɟɥɤɨɜ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ, ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ ȼɗɀɏ ɮɢɪɦɵ “Biorad” (ɤɨɥɨɧɤɚ Enrich 750). Ɋɟɡɭɥɶɬɚɬɵ 
ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. 

 

 
Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɛɟɥɤɨɜɵɯ ɮɪɚɤɰɢɣ 

ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɨɜ ɝɪɟɰɤɨɝɨ ɨɪɟɯɚ. Ʉɨɥɨɧɤɚ ɞɥɹ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ Enrich 750, ɷɥɸɟɧɬ – 

ɞɟɢɨɧɢɡɨɜɚɧɧɚɹ ɜɨɞɚ, ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 1 ɦɥ/ɦɢɧ. 
 

Ɏɪɚɤɰɢɢ ɛɟɥɤɨɜ, ɜɵɞɟɥɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ, 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ MALDI-TOF/TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɫ ɩɨɦɨɳɶɸ ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɚ Bruker “Autoflex”. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɪɚɫɬɜɨɪ 4-
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ɰɢɚɧɨɝɢɞɪɨɤɫɢɤɨɪɢɱɧɨɣ ɤɢɫɥɨɬɵ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 50 ɦɝ/ɦɥ, ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɦɚɬɪɢɰɵ ɫɥɭɠɢɥɚ 
ɫɦɟɫɶ ɚɰɟɬɨɧɢɬɪɢɥ:ɜɨɞɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1. 

 

 

 
Ɋɢɫ. 3 Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɨɬɞɟɥɶɧɵɯ ɮɪɚɤɰɢɣ ɛɟɥɤɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MALDI-TOF/TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɷɤɫɬɪɚɤɰɢɢ ɢ ɪɚɡɞɟɥɟɧɢɹ 
ɛɟɥɤɨɜɵɯ ɮɪɚɤɰɢɣ ɨɪɟɯɚ ɝɪɟɰɤɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ. ɂɡɭɱɟɧ 
ɮɪɚɤɰɢɨɧɧɵɣ ɩɪɨɬɟɨɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢ MALDI-

TOF/TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. Ɇɚɫɫ-ɫɩɟɤɬɪɵ ɛɟɥɤɨɜɨɝɨ ɩɪɨɮɢɥɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ 
ɉȺȺȽ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɜ ɩɚɤɟɬɟ “R-

statistic”. 
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ɍȾɄ 543.544.5.068.7 

 

ȼɕȻɈɊ ɍɋɅɈȼɂɃ ȾɅə ɏɊɈɆȺɌɈȽɊȺɎɂɑȿɋɄɈȽɈ ɈɉɊȿȾȿɅȿɇɂə 
ɅȿɄȺɊɋɌȼȿɇɇɕɏ ȼȿɓȿɋɌȼ, ɊȿɄɈɆȿɇȾɈȼȺɇɇɕɏ ȾɅə ɌȿɊȺɉȿȼɌɂɑȿɋɄɈȽɈ 

ɅȿɄȺɊɋɌȼȿɇɇɈȽɈ ɆɈɇɂɌɈɊɂɇȽȺ 

 

Ɇ.Ƚ. ɑɭɤɚɜɢɧɚ, Ƚ.ɇ. Ʉɨɪɨɥɟɜɚ 
ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 664003, ɂɪɤɭɬɫɤ, ɭɥ. Ʉɚɪɥɚ Ɇɚɪɤɫɚ, 1. 

e-mail: maria_chukavina@mail.ru 

 
ȼɵɛɪɚɧɵ ɭɫɥɨɜɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ (Ʌȼ), ɜɤɥɸɱɟɧɧɵɯ ɜ ɫɩɢɫɨɤ ɞɥɹ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ 

ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ, ɦɟɬɨɞɨɦ ɨɛɪɚɳɟɧɨ-ɮɚɡɧɨɣ ɜɵɫɨɤɨ-ɷɮɮɟɤɬɢɜɧɨɣ ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ (ɈɎ 
ȼɗɀɏ). Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɷɤɫɩɪɟɫɫɧɨɫɬɢ ɚɧɚɥɢɡɚ ɢ ɟɝɨ ɭɞɟɲɟɜɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢ ɧɟɢɡɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 
ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ Ʌȼ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɟɩɚɪɚɬɚɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 
ɠɢɞɤɨɫɬɹɯ. ɉɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ Ʌȼ, ɧɨ ɢ ɢɯ ɫɦɟɫɟɣ, 
ɫɨɞɟɪɠɚɳɢɯ 3-4 Ʌȼ. ɂɫɩɨɥɶɡɨɜɚɧ ɢɨɧ-ɩɚɪɧɵɣ ɜɚɪɢɚɧɬ ɈɎ ȼɗɀɏ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɢɡɦɟɧɢɬɶ ɭɞɟɪɠɢɜɚɧɢɟ Ʌȼ ɧɚ ɈɎ 
ɫɨɪɛɟɧɬɚɯ ɢ ɨɩɪɟɞɟɥɹɬɶ ɢɯ ɜ ɪɚɡɧɵɯ ɩɪɟɩɚɪɚɬɚɯ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ. 

The conditions for identifying pharmaceutical substances (PS), included in the list for therapeutic drugs monitoring by 

the method of reverse-phase high-performance liquid chromatography (RF HPLC) have been selected. It has been shown 

that for increasing the express-analysis and reducing its costs, it is advisable to control the content of several PS in different 

drugs and body fluids under unchanged conditions of chromatographing. The optimal chromatographing conditions were 

defined for individual PSs and their mixtures containing 3-4 PS as well. Ion paring RF HPLC method allows to change the 

time of holding a PS on reverse-phase sorbents and to define PSs in different drugs under the same chromatographic 

conditions. 

 

Ɍɟɪɚɩɟɜɬɢɱɟɫɤɢɣ ɥɟɤɚɪɫɬɜɟɧɧɵɣ ɦɨɧɢɬɨɪɢɧɝ (ɌɅɆ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɬɪɨɥɶ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ (Ʌȼ) ɢ ɢɯ ɦɟɬɚɛɨɥɢɬɨɜ ɜ ɨɪɝɚɧɢɡɦɟ ɩɚɰɢɟɧɬɚ ɜ ɬɟɱɟɧɢɟ 
ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɥɟɱɟɧɢɹ. ɌɅɆ ɨɫɨɛɟɧɧɨ ɜɚɠɟɧ, ɤɨɝɞɚ ɫɨɟɞɢɧɟɧɢɟ ɢɦɟɟɬ ɭɡɤɢɣ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɣ 
ɢɧɬɟɪɜɚɥ ɞɟɣɫɬɜɢɹ ɢ ɧɟɨɛɯɨɞɢɦɚ ɞɥɢɬɟɥɶɧɚɹ ɬɟɪɚɩɢɹ, ɚ ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɢ ɬɨɤɫɢɱɟɫɤɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ Ʌȼ ɨɱɟɧɶ ɛɥɢɡɤɢ. ȼ ɌɅɆ ɩɪɚɤɬɢɱɟɫɤɢ ɞɥɹ ɤɚɠɞɨɝɨ Ʌȼ ɫɭɳɟɫɬɜɭɟɬ ɫɜɨɹ ɦɟɬɨɞɢɤɚ 
ɨɩɪɟɞɟɥɟɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɨɪɛɟɧɬ, ɷɥɸɟɧɬɵ, ɞɟɬɟɤɬɨɪ, ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɭ. 
Ɋɚɛɨɬ, ɝɞɟ ɜ ɨɞɧɢɯ ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ Ʌȼ, ɨɱɟɧɶ ɦɚɥɨ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ Ʌȼ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɸ ɫɬɨɢɦɨɫɬɢ 
ɚɧɚɥɢɡɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɫɧɢɠɟɧɚ ɭɧɢɮɢɤɚɰɢɟɣ ɭɫɥɨɜɢɣ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ.  

ȼɵɫɨɤɨɷɮɮɟɤɬɢɜɧɚɹ ɠɢɞɤɨɫɬɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ (ȼɗɀɏ) – ɷɬɨ ɦɟɬɨɞ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ (Ʌȼ). Ɉɧ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɫɩɟɰɢɮɢɱɧɵɦ, ɭɧɢɜɟɪɫɚɥɶɧɵɦ, 
ɷɤɫɩɪɟɫɫɧɵɦ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɪɟɞɟɥɹɬɶ ɧɟɫɤɨɥɶɤɨ ɜɟɳɟɫɬɜ, 
ɨɬɥɢɱɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶɸ. 

ɂɡɭɱɚɟɦɵɟ Ʌȼ ɫɨɞɟɪɠɚɬɫɹ ɜ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɚɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ 
ɜɢɞɟ, ɩɨɫɤɨɥɶɤɭ ɫɩɟɤɬɪ ɢɯ ɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɨɱɟɧɶ ɭɡɨɤ ɢ ɪɚɡɥɢɱɟɧ, ɥɟɱɚɬ ɢɦɢ 
ɪɚɡɧɵɟ ɛɨɥɟɡɧɢ [1]. Ɉɩɪɟɞɟɥɟɧɢɟ ɢɯ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɫɨɛɨɣ 
ɫɥɨɠɧɨɫɬɢ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɷɤɫɩɪɟɫɫɧɨɫɬɢ ɚɧɚɥɢɡɚ ɢ ɟɝɨ ɭɞɟɲɟɜɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢ 
ɧɟɢɡɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ Ʌȼ ɜ ɪɚɡɥɢɱɧɵɯ 
ɩɪɟɩɚɪɚɬɚɯ. 

Ɂɚɞɚɱɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɫɹ ɜɵɛɨɪ ɭɫɥɨɜɢɣ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ Ʌȼ, 
ɜɤɥɸɱɟɧɧɵɯ ɜ ɫɩɢɫɨɤ ɞɥɹ ɌɅɆ. 

ɂɫɫɥɟɞɨɜɚɧɵ ɧɟɤɨɬɨɪɵɟ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɫɶɦɢ Ʌȼ: ɷɭɮɢɥɥɢɧ, 
ɢɡɨɧɢɚɡɢɞ, ɰɟɮɨɬɚɤɫɢɦ, ɧɨɜɨɤɚɢɧ, ɰɢɤɥɨɮɨɫɮɚɧ, ɤɚɧɚɦɢɰɢɧ, ɤɥɨɮɟɥɢɧ, ɬɟɨɮɢɥɥɢɧ – ɜɵɛɪɚɧɵ 
ɨɩɬɢɦɚɥɶɧɵɟ ɞɥɢɧɵ ɜɨɥɧ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɢɫɫɥɟɞɭɟɦɵɟ Ʌȼ ɫɥɚɛɨ 
ɭɞɟɪɠɢɜɚɸɬɫɹ ɧɚ ɈɎ ɫɨɪɛɟɧɬɚɯ ɜ ɫɢɥɭ ɫɜɨɟɣ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ, ɢɫɩɨɥɶɡɨɜɚɧ ɢɨɧ-ɩɚɪɧɵɣ ɜɚɪɢɚɧɬ 
ɈɎ ȼɗɀɏ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɫɨɫɬɚɜ ɷɥɸɟɧɬɚ ɜɜɨɞɢɥɢ ɢɨɧ-ɩɚɪɧɵɟ ɚɝɟɧɬɵ (ɂɉȺ) ɫ ɰɟɥɶɸ ɤɨɦɩɟɧɫɚɰɢɢ 
ɡɚɪɹɞɚ Ʌȼ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɂɉȺ ɫɨɫɬɚɜɥɹɟɬ 0,001-0,01 ɦɨɥɶ/ɥ [2]. ɍɞɚɥɨɫɶ ɬɚɤɢɦ ɩɪɢɟɦɨɦ 
ɢɡɦɟɧɢɬɶ ɭɞɟɪɠɢɜɚɧɢɟ Ʌȼ ɧɚ ɈɎ ɫɨɪɛɟɧɬɚɯ [3]. Ⱥɧɚɥɢɡ Ʌȼ ɢ ɌɅɆ ɜɵɩɨɥɧɹɟɬɫɹ ɱɚɳɟ ɜɫɟɝɨ ɜ 
ɤɢɫɥɵɯ ɢ ɫɥɚɛɨɤɢɫɥɵɯ ɫɪɟɞɚɯ (pH= 3 – 6). ɇɚɦɢ ɜɵɛɪɚɧɚ ɫɢɫɬɟɦɚ ɫ pH=3 ɄH2PO4/H3PO4. 

ɉɨɜɵɲɟɧɢɟ ɭɞɟɪɠɢɜɚɧɢɹ ɝɢɞɪɨɮɢɥɶɧɵɯ ɜɟɳɟɫɬɜ ɫɜɹɡɚɧɨ ɫ ɜɵɫɚɥɢɜɚɸɳɢɦ ɷɮɮɟɤɬɨɦ. 

mailto:maria_chukavina@mail.ru


ȻɒɄɏ – 2017                                                          ɋɟɤɰɢɹ 4. ɇɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ 

 372 
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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɡɨɥɨɬɚ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɥɨɦɟ. 

ɉɨɤɚɡɚɧ ɨɩɬɢɦɚɥɶɧɵɣ ɫɩɨɫɨɛ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɞɪɚɝɨɰɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢɡ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ ɩɪɢ ɟɝɨ 
ɜɬɨɪɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɟ. 

The article is devoted to the study of the methods for determining the quantitative content of gold in electronic scrap. 

The optimal way of quantitative extraction of precious metal from electronic scrap during its secondary processing is shown. 

 

ȼɬɨɪɢɱɧɵɟ ɞɪɚɝɨɰɟɧɧɵɟ ɦɟɬɚɥɥɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɨɦɚ, 
ɫɨɞɟɪɠɚɳɟɝɨ ɷɬɢ ɦɟɬɚɥɥɵ. Ɍɚɤ, ɜɚɠɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɜɬɨɪɢɱɧɨɝɨ ɡɨɥɨɬɚ ɹɜɥɹɟɬɫɹ ɥɨɦ 
ɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ. ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɡɨɥɨɬɚ ɛɭɞɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɦɭ ɜɵɞɟɥɟɧɢɸ ɟɝɨ ɩɪɢ ɭɬɢɥɢɡɚɰɢɢ ɢɡɞɟɥɢɣ ɷɥɟɤɬɪɨɧɢɤɢ. 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɬɪɚɧɡɢɫɬɨɪɵ ɬɢɩɚ ɄɌ909Ȼ. ɂɡɞɟɥɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɦɟɞɧɭɸ ɨɫɧɨɜɭ ɫ ɡɨɥɨɬɵɦ ɧɚɩɵɥɟɧɢɟɦ ɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɜɫɬɚɜɤɨɣ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɦɟɯɚɧɢɱɟɫɤɢ ɭɞɚɥɹɥɢ ɤɟɪɚɦɢɱɟɫɤɭɸ ɨɫɧɨɜɭ ɬɪɚɧɡɢɫɬɨɪɚ [1]. Ɇɚɫɫɚ ɦɟɬɚɥɥɚ 
ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ ɤɟɪɚɦɢɤɢ ɫɨɫɬɚɜɢɥɚ 2,9109 ɝ. Ɋɚɫɬɜɨɪɟɧɢɟ ɦɟɞɢ ɨɫɭɳɟɫɬɜɥɹɥɢ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ HCl ɩɨɞ ɜɵɬɹɠɤɨɣ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɤɢɩɹɳɟɣ ɜɨɞɹɧɨɣ 
ɛɚɧɟ. ɉɨɫɥɟ ɪɚɫɬɜɨɪɟɧɢɹ ɦɟɞɢ ɡɨɥɨɬɨɣ ɨɫɚɞɨɤ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɨɦɵɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ 
ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɩɚɪɢɜɚɧɢɟɦ ɧɚɫɭɯɨ [2]. 

Ⱦɥɹ ɨɱɢɳɟɧɢɹ ɡɨɥɨɬɨɝɨ ɨɫɚɞɤɚ ɨɬ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɩɪɢɦɟɫɟɣ ɩɪɨɜɟɥɢ ɟɝɨ ɪɚɫɬɜɨɪɟɧɢɟ ɜ 
ɰɚɪɫɤɨɣ ɜɨɞɤɟ. Ⱦɥɹ ɷɬɨɝɨ ɤ ɷɬɨɦɭ ɨɫɚɞɤɭ ɞɨɛɚɜɢɥɢ 1 ɦɥ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ 
(40%) ɢ ɡɚɬɟɦ ɩɨ ɤɚɩɥɹɦ ɩɪɢɥɢɜɚɥɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɭ (95%) ɞɨ ɩɨɥɧɨɝɨ 
ɪɚɫɬɜɨɪɟɧɢɹ ɦɟɬɚɥɥɚ. Ɋɚɛɨɬɭ ɩɪɨɜɨɞɢɥɢ ɩɨɞ ɜɵɬɹɠɤɨɣ ɧɚ ɤɢɩɹɳɟɣ ɜɨɞɹɧɨɣ ɛɚɧɟ 

 

2Au + 2HNO3 + 6HCl = 4H2O + 2NO + 2AuCl3 

 

Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɨɫɬɚɬɤɨɜ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ ɩɨɥɭɱɢɜɲɢɣɫɹ ɪɚɫɬɜɨɪ ɜɵɩɚɪɢɜɚɥɢ ɧɚ ɤɢɩɹɳɟɣ 
ɜɨɞɹɧɨɣ ɛɚɧɟ. ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɫɭɯɨɝɨ ɨɫɬɚɬɤɚ ɩɪɨɦɵɜɚɥɢ ɟɝɨ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɫɧɨɜɚ 
ɜɵɩɚɪɢɜɚɥɢ ɞɨ ɫɭɯɨɝɨ ɫɨɫɬɨɹɧɢɹ [3]. 

Ⱦɥɹ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɡɨɥɨɬɚ ɢɡ ɫɨɥɹɧɨɤɢɫɥɨɝɨ 
ɪɚɫɬɜɨɪɚ ɦɵ ɪɭɤɨɜɨɞɫɬɜɨɜɚɥɢɫɶ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ȼ.Ɏ. Ƚɢɥɥɟɛɪɚɧɞɚ ɫ ɫɨɬɪ. [4] ɩɨ 
ɨɫɚɠɞɟɧɢɸ ɡɨɥɨɬɚ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɨɣ ɢɥɢ ɧɢɬɪɢɬɨɦ ɧɚɬɪɢɹ, ɚ ɬɚɤɠɟ ɢɧɬɟɪɧɟɬ-ɪɟɫɭɪɫɨɦ [5], 
ɪɟɤɨɦɟɧɞɭɸɳɢɦ ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɡɨɥɨɬɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɢɞɪɨɯɢɧɨɧ. 

ȼɨ ɜɫɟɯ ɬɪɟɯ ɫɥɭɱɚɹɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɡɨɥɨɬɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ ɫɯɟɦɟ: 
 

2Au3+ + 3H2C2O4 → 2Au + 6CO2 + 6H+ 

2Au3+ + 3NaNO2 + 3H2O→ 2Au + 3NaNO3 + 6H+ 

2Au3+ + 3C6H4(OH)2 → 2Au + 3C6H4O2 + 6H+ 

 

Ɉɛɪɚɡɨɜɚɜɲɟɟɫɹ ɦɟɬɚɥɥɢɱɟɫɤɨɟ ɡɨɥɨɬɨ ɩɪɨɦɵɜɚɥɢ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ 
ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɜɵɩɚɪɢɜɚɥɢ ɞɨ ɫɭɯɨɝɨ ɨɫɬɚɬɤɚ. Ⱦɚɥɟɟ ɩɪɨɦɵɜɚɥɢ ɨɫɚɞɨɤ ɪɚɡɛɚɜɥɟɧɧɨɣ ɫɨɥɹɧɨɣ 
ɤɢɫɥɨɬɨɣ ɢ ɫɭɲɢɥɢ. 

Ɇɚɫɫɚ ɡɨɥɨɬɨɝɨ ɨɫɚɞɤɚ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɨɣ ɫɨɫɬɚɜɢɥɚ 31,6002 ɦɝ, ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ ɧɢɬɪɢɬɨɦ ɧɚɬɪɢɹ – 31, 2087 ɦɝ, ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɝɢɞɪɨɯɢɧɨɧɨɦ – 31,4713 ɦɝ. 

ɂɫɯɨɞɹ ɢɡ ɩɚɫɩɨɪɬɧɵɯ ɞɚɧɧɵɯ ɨɛɪɚɡɰɚ [6], ɪɚɫɫɱɢɬɚɥɢ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ ɩɪɢ 
ɚɧɚɥɢɡɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɡɨɥɨɬɚ ɩɨ ɮɨɪɦɭɥɟ: 
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ɝɞɟ  į – ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɬɨɞɚ; 

m (ɩɪɚɤɬ) – ɦɚɫɫɚ ɩɨɥɭɱɟɧɧɨɝɨ ɡɨɥɨɬɚ; 
m (ɬɟɨɪ) – ɦɚɫɫɚ ɡɨɥɨɬɚ ɩɨ ɩɚɫɩɨɪɬɭ. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɬɨɞɚ ɫɨ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɨɣ ɫɨɫɬɚɜɢɥɚ 

 

 
 

ɦɟɬɨɞɚ ɫ ɧɢɬɪɢɬɨɦ ɧɚɬɪɢɹ  
 

 
 

ɦɟɬɨɞɚ ɫ ɝɢɞɪɨɯɢɧɨɧɨɦ 

 

 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɡɨɥɨɬɚ ɢɡ 
ɪɚɫɬɜɨɪɚ ɟɝɨ ɯɥɨɪɢɞɚ ɨɫɭɳɟɫɬɜɥɟɧɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɵ. 
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Ɉɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɦɟɞɢ ɫ ɤɜɟɪɰɟɬɢɧɨɦ. ɍɫɬɚɧɨɜɥɟɧ ɟɝɨ ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ, 

ɢɫɩɨɥɶɡɭɹ ɮɢɡɢɱɟɫɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
The cuprum-quercetin complex compounds synthesis was performed. Its composition and structure were determined 

using physical-chemical methods of investigation. 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɮɚɪɦɚɰɟɜɬɢɤɟ ɜɫɟ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɸɬ ɛɢɨɮɥɚɜɚɧɨɢɞɵ, ɤɚɤ ɨɫɧɨɜɚ 
ɞɥɹ ɫɨɡɞɚɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɢ ɩɢɳɟɜɵɯ ɞɨɛɚɜɨɤ. Ɉɞɧɢɦ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɫɜɨɣɫɬɜ ɛɢɨɮɥɚɜɚɧɨɢɞɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɜɵɫɨɤɚɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ. ɒɢɪɨɤɢɣ 
ɫɩɟɤɬɪ ɥɟɱɟɛɧɨɝɨ ɞɟɣɫɬɜɢɹ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɬɤɪɵɜɚɟɬ ɧɨɜɵɟ ɩɟɪɫɩɟɤɬɢɜɵ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ 
ɥɟɱɟɧɢɢ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɡɚɛɨɥɟɜɚɧɢɣ.  

Ȼɢɨɮɥɚɜɚɧɨɢɞ ɤɜɟɪɰɟɬɢɧ (Ʉȼ) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɞɚɧɧɨɝɨ 
ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ, ɨɧ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ 
ɞɨɤɚɡɚɧɧɵɯ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ʉȼ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɜɚɠɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢ 
ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɩɪɨɹɜɥɹɟɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɭɸ, ɚɧɬɢɜɢɪɭɫɧɭɸ, 
ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɭɸ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ ɚɤɬɢɜɧɨɫɬɶ [1]. 

ɒɢɪɨɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɨɜ ɛɢɨɮɥɚɜɚɧɨɢɞɨɜ ɫ ɩɟɪɟɯɨɞɧɵɦɢ 
ɦɟɬɚɥɥɚɦɢ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ Ʉȼ ɫɜɹɡɚɧɵ ɫ ɟɝɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɫɥɟɞɫɬɜɢɟɦ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɝɥɨɳɚɬɶ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɢ ɯɟɥɚɬɢɪɨɜɚɬɶ 
ɢɨɧɵ ɦɟɬɚɥɥɨɜ. Ʉȼ ɫɩɨɫɨɛɟɧ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɢɨɧɚɦɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɬɚɤɢɯ ɤɚɤ 
ɠɟɥɟɡɨ ɢ ɦɟɞɶ, ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ ɦɧɨɝɢɟ ɩɪɨɰɟɫɫɵ, ɜɟɞɭɳɢɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɪɟɞɧɵɯ 
ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ [2]. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɤɨɦɩɥɟɤɫɚ ɦɟɞɢ ɫ Ʉȼ, ɢɡɭɱɟɧɢɟ ɟɝɨ ɫɨɫɬɚɜɚ ɢ 
ɫɬɪɭɤɬɭɪɵ.  

ɋɢɧɬɟɡ ɤɨɦɩɥɟɤɫɚ Ʉȼ ɫ ɦɟɞɶɸ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɦɟɲɟɧɢɹ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɯ 
ɪɚɫɬɜɨɪɨɜ Ʉȼ ɢ ɫɨɥɢ ɦɟɞɢ, ɜɵɞɟɪɠɢɜɚɧɢɟ ɢɯ ɩɪɢ 80 ºɋ ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɜ ɬɟɱɟɧɢɟ 6 ɱɚɫɨɜ. 
ɉɪɨɞɭɤɬ ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɦɨɪɮɧɵɣ ɨɫɚɞɨɤ ɬɟɦɧɨ-ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ, ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɜ 
ɜɨɞɟ, ɧɨ ɪɚɫɬɜɨɪɢɦɵɣ ɜ ɚɰɟɬɨɧɟ ɢ ɯɥɨɪɨɮɨɪɦɟ.  

Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɵɥ ɩɪɨɜɟɞɟɧ ɷɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ. Ȼɪɭɬɬɨ-ɮɨɪɦɭɥɚ 
ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɫɨɟɞɢɧɟɧɢɹ: ɋ15H17O11Cu; ɜɵɱɢɫɥɟɧɨ: %, ɋ, 49,4; ɇ, 2,49; ɋu, 17,4; ɧɚɣɞɟɧɨ: %, ɋ, 
42,8; ɇ, 3,3; ɋu, 11,7. Ⱦɚɧɧɵɟ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ȾɋɄ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɥɢɱɢɢ ɜ 
ɫɬɪɭɤɬɭɪɟ ɤɨɦɩɥɟɤɫɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 

 

  
 

1 2 3 
 

Ɋɢɫ. 1. ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɫɬɪɭɤɬɭɪɵ ɤɨɦɩɥɟɤɫɨɜ ɦɟɞɢ ɫ Ʉȼ 

 

ȼ ɪɟɚɤɰɢɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɦɟɞɢ ɫ Ʉȼ ɜɨɡɦɨɠɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɹɞɚ ɤɨɦɩɥɟɤɫɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ (ɪɢɫ. 1). Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɭɸɳɢɯɫɹ 
ɫɨɟɞɢɧɟɧɢɣ ɛɵɥ ɩɪɢɜɥɟɱɟɧ ɦɟɬɨɞ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ɉ ɫɜɹɡɵɜɚɧɢɢ ɦɟɬɚɥɥɚ ɫ ɥɢɝɚɧɞɨɦ ɦɨɠɟɬ 
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ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɧɚɥɢɱɢɟ ɩɨɥɨɫɵ ɜ ɞɢɚɩɚɡɨɧɟ 605-645 ɫɦ-1 [3]. ȼ ɂɄ-ɫɩɟɤɬɪɟ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ 
Ʉȼ ɫ ɫɨɥɶɸ ɦɟɞɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 625 ɫɦ-1. Ⱦɚɧɧɵɣ ɮɚɤɬ ɞɨɤɚɡɵɜɚɟɬ 
ɩɪɢɫɭɬɫɬɜɢɟ ɦɟɬɚɥɥɚ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɭɸɳɢɯɫɹ ɤɨɦɩɥɟɤɫɨɜ ɢɧɮɨɪɦɚɬɢɜɧɨɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɨɫɚ 
ɩɨɝɥɨɳɟɧɢɹ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ. ȼ ɂɄ-ɫɩɟɤɬɪɟ ɱɢɫɬɨɝɨ Ʉȼ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ 
ɩɪɢ 1664 ɫɦ-1, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɚɥɟɧɬɧɨɦɭ ɤɨɥɟɛɚɧɢɸ ɫɜɹɡɢ ɋ=Ɉ [4]. ȼ ɫɥɭɱɚɟ ɫɜɹɡɵɜɚɧɢɹ 
ɤɢɫɥɨɪɨɞɚ, ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɨɥɟɛɚɧɢɸ ɫɜɹɡɢ ɋ=Ɉ, ɫɦɟɳɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ 
ɛɨɥɟɟ ɧɢɡɤɢɯ ɱɚɫɬɨɬ [5,6]. ȼ ɂɄ-ɫɩɟɤɬɪɟ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɢ ɫ Ʉȼ ɨɛɧɚɪɭɠɟɧɚ ɩɨɥɨɫɚ 
ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 1626 ɫɦ-1, ɤɨɬɨɪɚɹ ɫɦɟɳɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɫɜɨɛɨɞɧɨɣ 
ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɧɚ 38 ɫɦ-1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɥɹ ɤɨɦɩɥɟɤɫɨɜ ɦɟɞɢ 
ɫ Ʉȼ ɜɨɡɦɨɠɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɬɪɭɤɬɭɪɚɦ 1 ɢ (ɢɥɢ) 2 (ɪɢɫ.1), ɝɞɟ ɢɨɧ ɦɟɞɢ ɤɨɨɪɞɢɧɢɪɨɜɚɧ ɩɨ 
ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ. Ⱦɥɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 
ɬɪɟɛɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɚɦɢ ɗɉɊ- ɢ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 
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ɋɢɧɬɟɡɢɪɨɜɚɧɚ ɤɨɦɩɥɟɤɫɧɚɹ ɫɨɥɶ ɤɨɛɚɥɶɬɚ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ɇɟɬɨɞɨɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

There has been synthesized a complex salt of cobalt (II) with tryptophane in the water solution under normal conditions. 

The structure of obtained complex has been established by the method of IR-speetroscopy.  

 

Ɋɟɚɤɰɢɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ d-ɬɢɩɚ ɜɯɨɞɹɬ ɜɨ ɦɧɨɝɢɟ ɪɚɡɞɟɥɵ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɨɣ ɢ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɯɢɦɢɢ. Ɉɞɧɚɤɨ ɫɜɟɞɟɧɢɹ ɨ ɪɟɚɤɰɢɹɯ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ 
ɫɨɟɞɢɧɟɧɢɹɦɢ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɜɟɫɶɦɚ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵ. 

ɍɤɚɡɚɧɧɵɟ ɪɟɚɤɰɢɢ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢ ɤɚɤ ɯɢɦɢɱɟɫɤɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɦɟɬɚɥɥɨɜ, ɢ ɤɚɤ 
ɩɪɹɦɨɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɗɬɚ ɨɛɥɚɫɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɤɥɸɱɚɟɬ ɩɨɥɭɱɟɧɢɟ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɡɢɰɢɣ, ɝɨɦɨɝɟɧɧɵɯ ɢ ɩɪɢɜɢɬɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɷɮɮɟɤɬɢɜɧɵɯ ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɷɥɟɤɬɪɨɥɢɬɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ 
ɦɟɬɚɥɥɨɨɤɫɢɞɧɵɯ ɩɨɤɪɵɬɢɣ, ɢɡɜɥɟɱɟɧɢɟ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɨɬɪɚɛɨɬɚɧɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɯɨɞɨɜ. ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɪɹɦɨɝɨ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ 
ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ ɨɞɧɨɫɬɚɞɢɣɧɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɫɨɟɞɢɧɟɧɢɣ, ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɨɛɵɱɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɵ ɢ ɪɚɡɧɨɣ 
ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɚɬɨɦɨɜ ɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ ɞɨɜɨɥɶɧɨ ɦɹɝɤɢɟ ɭɫɥɨɜɢɹ ɪɟɚɤɰɢɣ, ɱɟɦɭ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɢɦɟɧɟɧɢɟ ɤɨɨɪɞɢɧɢɪɭɸɳɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 

ɋ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɯ ɨɛɴɟɤɬɨɜ ɧɚ ɩɪɢɪɨɞɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɫɨɟɞɢɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɚɤɬɭɚɥɶɧɵɦ ɜɜɟɞɟɧɢɟ ɜ ɪɟɚɤɰɢɢ ɫ ɦɟɬɚɥɥɚɦɢ d-ɬɢɩɚ α- ɢ ȕ-

ɚɦɢɧɨɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɤ ɤɨɨɪɞɢɧɚɰɢɢ ɫ ɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ ɤɚɤ ɩɨ ɚɦɢɧɨ-, ɬɚɤ ɢ ɩɨ 
ɞɪɭɝɢɦ ɞɨɧɨɪɧɵɦ ɰɟɧɬɪɚɦ ɡɚɦɟɫɬɢɬɟɥɟɣ.  

α-Ⱥɦɢɧɨɤɢɫɥɨɬɵ ɹɜɥɹɸɬɫɹ ɢɫɯɨɞɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɮɟɪɦɟɧɬɨɜ, ɜɢɬɚɦɢɧɨɜ, ɩɢɝɦɟɧɬɨɜ, 
ɝɨɪɦɨɧɨɜ ɢ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ, ɛɢɨɫɢɧɬɟɡ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɫ ɭɱɚɫɬɢɟɦ ɢɨɧɨɜ 3d-ɦɟɬɚɥɥɨɜ. ɗɬɢ 
ɦɟɬɚɥɥɵ ɹɜɥɹɸɬɫɹ ɦɢɤɪɨɷɥɟɦɟɧɬɚɦɢ, ɢ ɢɯ ɩɨɜɟɞɟɧɢɟ ɜ ɨɪɝɚɧɢɡɦɟ ɨɛɭɫɥɨɜɥɟɧɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɸ, ɨɫɨɛɟɧɧɨ ɫ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ.  

Ʉɨɦɩɥɟɤɫɧɭɸ ɫɨɥɶ ɋɨ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ ɩɨɥɭɱɚɥɢ ɩɪɢ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɝɟɤɫɚɝɢɞɪɚɬɚ 
ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ(II) ɤ ɬɪɢɩɬɨɮɚɧɭ ɪɚɜɧɨɦ 1:1 ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ 
ɡɚɬɟɦ ɨɫɬɚɜɥɹɥɢ ɧɚ ɯɨɥɨɞɭ ɧɚ ɧɨɱɶ ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ. ȼɵɩɚɜɲɢɣ 
ɤɨɦɩɥɟɤɫ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɨɬ ɪɚɫɬɜɨɪɚ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɟɝɨ ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ(II). ɉɨɥɭɱɟɧɧɵɣ 
ɨɫɚɞɨɤ ɩɨɫɥɟ ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɨɦɵɜɚɥɢ ɚɰɟɬɨɧɨɦ, ɚ ɡɚɬɟɦ ɩɟɬɪɨɥɟɣɧɵɦ 
ɷɮɢɪɨɦ ɢ ɭɩɚɪɢɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30-40 0ɋ. ɉɨɥɭɱɟɧɧɚɹ ɤɨɦɩɥɟɤɫɧɚɹ ɫɨɥɶ ɋɨ(II) ɫ 
ɬɪɢɩɬɨɮɚɧɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɝɨɥɶɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ ɦɚɥɢɧɨɜɨɝɨ ɰɜɟɬɚ, ɤɨɬɨɪɵɟ ɭɫɬɨɣɱɢɜɵ 
ɩɪɢ ɯɪɚɧɟɧɢɢ ɧɚ ɜɨɡɞɭɯɟ, ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɧɨ ɧɟ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɚɰɟɬɨɧɟ, ɷɬɚɧɨɥɟ ɢ ɷɮɢɪɟ. 
ȼɵɯɨɞ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɫɨɫɬɚɜɢɥ 65,5%. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II) 

ɭɫɬɚɧɨɜɥɟɧɵ ɦɟɬɨɞɨɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɚ ɟɟ ɱɢɫɬɨɬɚ — ɝɚɡɨ-ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ.  
ȼ ɂɄ-ɫɩɟɤɬɪɟ ɤɨɦɩɥɟɤɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɲɢɪɨɤɚɹ ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 3400 ɫɦ-1, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɚɥɟɧɬɧɵɦ ɤɨɥɟɛɚɧɢɹɦ Ɉ−ɇ ɝɪɭɩɩɵ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɫɨɫɬɚɜɟ 
ɤɨɦɩɥɟɤɫɚ ɦɨɥɟɤɭɥ ɜɨɞɵ. Ⱦɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɩɪɨɬɨɧɢɪɨɜɚɧɧɨɣ ɚɦɢɧɝɨɝɪɭɩɩɵ 
(ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɨɟ ɩɪɢ 1560-1597 ɫɦ-1 ɢ ɫɢɦɦɟɬɪɢɱɧɨɟ ɩɪɢ 1502-1506 ɫɦ-1) ɜ ɂɄ-ɫɩɟɤɬɪɟ 
ɤɨɦɩɥɟɤɫɚ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ, ɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɨɫɚ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɤɨɥɟɛɚɧɢɹ NH2-ɝɪɭɩɩɵ ɩɪɢ 
1627 ɫɦ-1, ɢɡ ɱɟɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɤɨɨɪɞɢɧɚɰɢɢ ɚɦɢɧɨɝɪɭɩɩɵ ɫ ɢɨɧɨɦ ɤɨɛɚɥɶɬɚ. Ɉɛ ɷɬɨɦ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬɚɤɠɟ ɧɚɥɢɱɢɟ ɞɜɭɯ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 3155- 3290 ɫɦ-1 ɢ 3310-3315 

ɫɦ-1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɚɥɟɧɬɧɵɦ ɤɨɥɟɛɚɧɢɹɦ NH2-ɝɪɭɩɩɵ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ 
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ɂɄ-ɫɩɟɤɬɪɟ ɤɨɦɩɥɟɤɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɫɦɟɳɟɧɢɟ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ N-H ɫɜɹɡɟɣ (ɢɧɞɨɥɶɧɨɣ ɢ 
ɩɟɪɜɢɱɧɨɣ ɚɦɢɧɨ-ɝɪɭɩɩɵ) ɜ ɧɢɡɤɨɱɚɫɬɨɬɧɭɸ ɨɛɥɚɫɬɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 15-20 ɫɦ-1, ɱɬɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɯɨɠɞɟɧɢɟ ɜ ɤɨɨɪɞɢɧɚɰɢɸ ɫ ɰɟɧɬɪɚɥɶɧɵɦ ɢɨɧɨɦ ɨɛɟɢɯ ɚɦɢɧɨ-ɝɪɭɩɩ. Ɇɚɤɫɢɦɭɦɵ 
ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɜɚɥɟɧɬɧɵɦ ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɢɨɧɢɡɢɪɨɜɚɧɧɨɣ 
ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɜ ɂɄ-ɫɩɟɤɬɪɟ ɤɨɦɩɥɟɤɫɚ ɫɨɯɪɚɧɹɸɬ ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ ɢ ɩɨɱɬɢ ɧɟ ɦɟɧɹɸɬ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɭɱɚɫɬɢɟ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɬɪɢɩɬɨɮɚɧɚ ɜ 
ɤɨɨɪɞɢɧɚɰɢɢ ɫ ɤɨɛɚɥɶɬɨɦ(II). ɂɡɭɱɟɧɢɟ ɦɟɬɨɞɨɦ Ɏɚɪɚɞɟɹ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ 
ɩɨɥɭɱɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Co+2 ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɚɪɚɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɚ ɡɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɨɤɬɚɷɞɪɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɭɸ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɥɭɱɟɧɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ 
ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ ɮɨɪɦɭɥɵ [Co+2(Tri)Cl2∙2H2O] ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: 

 
 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ 
ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɩɪɨɰɟɫɫɚɯ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɪɚɛɨɬɵ ɩɨ ɭɬɨɱɧɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɤɨɛɚɥɶɬɚ(II) 

ɫ ɬɪɢɩɬɨɮɚɧɨɦ ɩɪɨɞɨɥɠɚɸɬɫɹ. Ȼɨɥɟɟ ɬɨɱɧɵɟ ɞɚɧɧɵɟ ɩɨ ɫɬɪɭɤɬɭɪɟ ɩɨɥɭɱɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
(ɝɟɨɦɟɬɪɢɹ, ɷɥɟɤɬɪɨɧɧɨɟ ɫɬɪɨɟɧɢɟ, ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɞɪ.) ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɩɨɫɥɟ 
ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ Co(II). 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. ɇɚɤɚɦɨɬɨ Ʉ. ɂɄ-ɫɩɟɤɬɪɵ ɢ ɫɩɟɤɬɪɵ ɄɊ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ɇ.: Ɇɢɪ, 1991, 536ɫ. 
2. Ⱥ.ɇ. ɘɧɭɫɯɨɞɠɚɟɜ, ɍ.Ⱥ. Ɇɭɤɚɪɪɚɦɨɜɚ, ɏ.ɏ. ɏɚɤɢɦɨɜ. ɋɦɟɲɚɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɋɨ(II), Ni(II), ɋu(II) ɫ 

ɩɢɪɢɞɨɤɫɢɧɨɦ, ɝɥɭɬɚɦɢɧɨɜɨɣ ɢ ɚɫɩɚɪɝɢɧɨɜɨɣ ɤɢɫɥɨɬɚɦɢ// ɀɭɪɧɚɥ «Ʉɨɨɪɞɢɧɚɰɢɨɧɧɚɹ ɯɢɦɢɹ», 1993, ɬ.19, №4, ɫ.319-

321. 
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ɍȾɄ 543-4 

ȼɅɂəɇɂȿ ɄɈɇɐȿɇɌɊȺɐɂɂ ɂɈɇȺ-ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɈȼȺɌȿɅə ɇȺ 
ɋɈɊȻɐɂɈɇɇɕȿ ɋȼɈɃɋɌȼȺ ɎɍɇɄɐɂɈɇȺɅɂɁɂɊɈȼȺɇɇɈȽɈ 

ɉɈɅɂɗɌɂɅȿɇɂɆɂɇȺ 
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Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, 620002, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, ɞ. 19. 
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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɫɨɪɛɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 
ɩɢɪɢɞɢɥɦɟɬɢɥɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɢɦɢɧɚ ɫɨ ɫɬɟɩɟɶɸ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ 0,8. ɉɨɥɭɱɟɧɵ ɢɡɨɬɟɪɦɵ ɫɨɪɛɰɢɢ ɢɨɧɨɜ 
Cu2+, Ni2+, Co2+, Zn2+ Cd2+ ɢ Pb2+ ɢɡ ɚɦɦɢɚɱɧɨ-ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɡɧɚɱɟɧɢɢ pH 4,0. ɉɪɨɜɟɞɟɧɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɨɞɟɥɹɦɢ Ʌɟɧɝɦɸɪɚ, Ɏɪɟɣɧɞɥɢɯɚ, Ɋɟɞɥɢɯɚ – ɉɟɬɟɪɫɨɧɚ ɢ 
Ʌɟɧɝɦɸɪɚ - Ɏɪɟɣɧɞɥɢɯɚ. ɇɚɢɛɨɥɶɲɢɦ ɫɪɨɞɫɬɜɨɦ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɨɛɥɚɞɚɸɬ ɢɨɧɵ Cu2+. ɋɨɪɛɰɢɹ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɢɷɬɢɥɟɧɢɦɢɧɚ. Ɂɧɚɱɟɧɢɟ 
ɫɬɚɬɢɱɟɫɤɨɣ ɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɢ ɫɨɪɛɟɧɬɚ ɩɨ ɢɨɧɚɦ Cu2+ ɫɨɫɬɚɜɥɹɟɬ 1,055 ɦɦɨɥɶ/ɝ. 

The influence of heavy metals concentration on the adsorption capacity of the pyridilmethylated polyethylenimine (PEI) 

with the degree of substitution 0,8 was investigated in this work. The adsorption isotherms of the Cu2+, Ni2+, Co2+, Zn2+, Cd2+ 

and Pb2+ ions were obtained in the ammonium acetate buffer solution at pH 4,0. The obtained dependences were fitted with 

Langmuir, Freundlich, Redlich – Peterson and Langmuir – Freundlich models. The ions Cu2+ have the greatest affinity to the 

surface of the sorbent. The adsorption of heavy metals proceeds with the formation of a monomolecular layer on the surface 

of the PEI. The value of the static exchange capacity for the ions Cu2+ is 1,055 mmol/g. 
 

ɋɨɪɛɰɢɹ – ɹɜɥɟɧɢɟ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɪɚɡɞɟɥɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɜɟɳɟɫɬɜ ɫ ɰɟɥɶɸ ɢɯ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɲɢɪɨɤɨ ɪɚɡɜɢɜɚɟɬɫɹ ɫɢɧɬɟɡ ɯɟɥɚɬɨɨɛɪɚɡɭɸɳɢɯ ɫɨɪɛɟɧɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɤ 
ɬɟɦ ɢɥɢ ɢɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɨɱɢɫɬɤɢ ɨɛɴɟɤɬɨɜ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ ɬɨɤɫɢɱɧɵɯ ɩɪɢɦɟɫɟɣ. 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɪɛɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɢɡɨɬɟɪɦɚ ɫɨɪɛɰɢɢ. Ɉɧɚ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɪɢɪɨɞɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-

ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɝɪɭɩɩɚɦɢ ɫɨɪɛɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɜɚɬɶ ɫɪɨɞɫɬɜɨ ɫɨɪɛɚɬɨɜ ɤ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɪɛɟɧɬɨɜ ɢ ɨɩɪɟɞɟɥɹɬɶ ɧɟɤɨɬɨɪɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɩɨɪɢɫɬɨɫɬɶ, 
ɪɚɞɢɭɫ ɩɨɪ ɢ ɬ. ɞ.). 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɢɯ 
ɫɨɪɛɢɪɭɟɦɨɫɬɶ ɩɢɪɢɞɢɥɦɟɬɢɥɢɪɨɜɚɧɧɵɦ ɩɨɥɢɷɬɢɥɟɧɢɦɢɧɨɦ (ɉɆɉɗɂ) ɫɨ ɫɬɟɩɟɧɶɸ 
ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ 0,8. ɋɨɪɛɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢɡ ɚɦɦɢɚɱɧɨ-ɚɰɟɬɚɬɧɨɝɨ 
ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨ ɡɧɚɱɟɧɢɟɦ pH 4,0, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɨɪɛɢɪɭɟɦɨɫɬɶ 
ɢɨɧɨɜ Cu2+. ɂɡɨɬɟɪɦɵ ɫɨɪɛɰɢɢ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɩɨ ɞɚɧɧɵɦ ɞɟɫɨɪɛɰɢɢ. Ⱦɟɫɨɪɛɰɢɸ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ ɢɡ ɮɚɡɵ ɫɨɪɛɟɧɬɚ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 0,1 ɦɨɥɶ/ɞɦ3 ɪɚɫɬɜɨɪɚ ɞɢɧɚɬɪɢɟɜɨɣ ɫɨɥɢ 
ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɦɟɬɚɥɥɨɜ ɜ ɪɚɫɬɜɨɪɚɯ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ 
ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫ ɩɥɚɦɟɧɧɨɣ ɚɬɨɦɢɡɚɰɢɟɣ ɩɪɨɛɵ. 
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Ɋɢɫ. 1. ɂɡɨɬɟɪɦɵ ɫɨɪɛɰɢɢ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɉɆɉɗɂ 
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ɉɨɥɭɱɟɧɧɵɟ ɢɡɨɬɟɪɦɵ ɫɨɪɛɰɢɢ ɢɦɟɸɬ ɤɥɚɫɫɢɱɟɫɤɢɣ ɜɢɞ (ɪɢɫ. 1). Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ 
ɭɱɚɫɬɨɤ Ƚɟɧɪɢ ɢɡɨɬɟɪɦɵ ɫɨɪɛɰɢɢ ɦɟɞɢ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɭɸ ɤɪɭɬɢɡɧɭ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, 
ɱɬɨ ɫɨɪɛɟɧɬ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɢɦ ɫɪɨɞɫɬɜɨɦ ɤ ɢɨɧɚɦ Cu2+. Ɋɹɞ ɫɪɨɞɫɬɜɚ, ɫɨɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɧɚɱɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɢɡɨɬɟɪɦ, ɩɨɞɱɢɧɹɟɬɫɹ ɪɹɞɭ ɂɪɜɢɧɝɚ – ȼɢɥɶɹɦɫɚ [1] ɞɥɹ O,N-

ɥɢɝɚɧɞɨɜ ɢ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: Cu2+>>Ni2+>Co2+≈Zn2+≈Pb2+≈Cd2+. 

ɂɡɨɬɟɪɦɚ ɫɨɪɛɰɢɢ ɦɟɞɢ ɛɵɥɚ ɩɨɞɜɟɪɝɧɭɬɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɦɨɞɟɥɶɧɵɦɢ 
ɭɪɚɜɧɟɧɢɹɦɢ Ʌɟɧɝɦɸɪɚ [2], Ɏɪɟɣɧɞɥɢɯɚ [3], Ɋɟɞɥɢɯɚ – ɉɟɬɟɪɫɨɧɚ [4] ɢ Ʌɟɧɝɦɸɪɚ – Ɏɪɟɣɧɞɥɢɯɚ 
[5]. ɇɚ ɨɫɧɨɜɚɧɢɢ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ 
ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ Ʌɟɧɝɦɸɪɚ, Ɋɟɞɥɢɯɚ – ɉɟɬɟɪɫɨɧɚ ɢ Ʌɟɧɝɦɸɪɚ – 

Ɏɪɟɣɧɞɥɢɯɚ. Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ Ȟ, ɜɯɨɞɹɳɟɝɨ ɜ ɭɪɚɜɧɟɧɢɟ Ɋɟɞɥɢɯɚ – ɉɟɬɟɪɫɨɧɚ, ɛɥɢɡɤɨ ɤ 1, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɪɛɟɧɬɚ ɹɜɥɹɟɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɨɣ, ɚ ɫɨɪɛɰɢɹ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. 
Ɂɧɚɱɟɧɢɟ ɫɬɚɬɢɱɟɫɤɨɣ ɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɢ ɉɆɉɗɂ ɩɨ ɢɨɧɚɦ Cu2+ ɫɨɫɬɚɜɥɹɟɬ 1,055 ɦɦɨɥɶ/ɝ. 
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