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ɊȿȾȺɄɐІɃɇȺ ɊȺȾȺ: 
Ƚɨɥɨɜɧɢɣ ɪɟɞɚɤɬɨɪ 

Ɂɚɫɬɭɩɧɢɤ ɝɨɥɨɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ 

ȼɿɞɩɨɜɿɞɚɥɶɧɢɣ ɫɟɤɪɟɬɚɪ 

ȼ. ȱ. Ȼɨɥɶɲɚɤɨɜ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ 

Ɇ. ȼ. ɋɚɜɢɰɶɤɢɣ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ 

Ƚ. ɉ. Єɜɫєєɜɚ, ɞ-ɪ ɧɚɭɤ ɞɟɪɠ. ɭɩɪ. 

ȼ. ȼ. Ⱦɚɧɿɲɟɜɫɶɤɢɣ,  ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ȼ. Ɇ. Ⱦɟɪɟɜ’ɹɧɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɇ. ȱ. ȼɟɪɯɨɝɥɹɞɨɜɚ, ɞ-ɪ ɟɤɨɧ. 
ɧɚɭɤ, ȱ. ȼ. Ɋɢɠɤɨɜ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ȼ. Ƚ. Ɂɚɪɟɧɛɿɧ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɋ. ȼ. ȱɜɚɧɨɜ, ɞ-ɪ ɟɤɨɧ. ɧɚɭɤ,            
Ɍ. ɋ. Ʉɪɚɜɱɭɧɨɜɫɶɤɚ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  ɋ. Ɉ. ɋɥɨɛɨɞɹɧɸɤ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, Ɉ. ȼ. ɑɟɥɧɨɤɨɜ, ɤɚɧɞ. ɬɟɯɧ. 
ɧɚɭɤ, Ɇ. ȼ. ɒɩɿɪɶɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ 

ɊȿȾȺɄɐІɃɇȺ ɄɈɅȿȽІə: 

ȼ. Ɏ. Ȼɚɲɟɜ, ɞ-ɪ ɮɿɡ.-ɦɚɬ. ɧɚɭɤ, Ⱦɟɪɠɚɜɧɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦ. Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, 
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. Ⱥ. ȱ. Ȼɿɥɨɤɨɧɶ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ 
ɚɪɯɿɬɟɤɬɭɪɢ (ɉȾȺȻȺ), Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ȼ. Ɇ. ȼɚɞɢɦɨɜ, ɞ-ɪ ɚɪɯɿɬɟɤɬɭɪɢ, ɉɨɥɬɚɜɚ. ɇ. ȱ. ȼɟɪɯɨɝɥɹɞɨɜɚ,         

ɞ-ɪ ɟɤɨɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. Ⱦ. Ɏ. Ƚɨɧɱɚɪɟɧɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ (ɏɇɍȻȺ), ɏɚɪɤɿɜ. ȼ. ȼ. Ⱦɚɧɿɲɟɜɫɶɤɢɣ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, 
ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ȼ. Ɇ. Ⱦɟɪɟɜ’ɹɧɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. 

ȼ. ȱ. Ⱦɭɛɧɢɰɶɤɢɣ, ɞ-ɪ ɟɤɨɧ. ɧɚɭɤ, Ⱦɨɧɟɰɶɤɢɣ ɟɤɨɧɨɦɿɤɨ-ɝɭɦɚɧɿɬɚɪɧɢɣ ɿɧɫɬɢɬɭɬ, Ⱦɨɧɟɰɶɤ.   
Ɇ. Ɇ. Ⱦɶɨɦɿɧ, ɞ-ɪ ɚɪɯɿɬɟɤɬɭɪɢ, Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ 

(ɄɇɍȻȺ), Ʉɢʀɜ. Ƚ. ɉ. Єɜɫєєɜɚ, ɞ-ɪ ɧɚɭɤ ɞɟɪɠ. ɭɩɪ., ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. Є. Ⱥ. Єɝɨɪɨɜ, ɞ-ɪ ɬɟɯɧ. 
ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ȼ. Ƚ. Ɂɚɪɟɧɛɿɧ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ɋ. ȼ. ȱɜɚɧɨɜ, 

ɞ-ɪ ɟɤɨɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ɋ. ȼ. Ʉɚɥɚɦɛɟɬ, ɞ-ɪ ɟɤɨɧ. ɧɚɭɤ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ 
ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɿɦ. ɚɤɚɞ. ȼ. Ʌɚɡɚɪɹɧɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ.   
Ƚ. Ɇ Ʉɨɜɲɨɜ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ɘ. Ɉ. Ʉɿɪɿɱɟɤ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, 
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. Ɍ. ɋ. Ʉɪɚɜɱɭɧɨɜɫɶɤɚ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ.  ȼ. ɉ. Ɇɢɪɨɧɟɧɤɨ, 

ɞ-ɪ ɚɪɯɿɬɟɤɬɭɪɢ, ɏɇɍȻȺ, ɏɚɪɤɿɜ. ɘ. ȼ. Ɉɪɥɨɜɫɶɤɚ, ɞ-ɪ ɟɤɨɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. 

Ⱥ. ȼ. ɉɥɟɯɚɧɨɜ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ȼ. Ʌ. ɋɟɞɿɧ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, 
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ɋ. Ɉ. ɋɥɨɛɨɞɹɧɸɤ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. ȼ. Ɉ. Ɍɢɦɨɯɿɧ,   

ɞ-ɪ ɚɪɯɿɬɟɤɬɭɪɢ, ɄɇɍȻȺ, Ʉɢʀɜ. Ⱥ. ȼ. ɑɟɥɧɨɤɨɜ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ.   

Ɇ. ȼ. ɒɩɿɪɶɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȾȺȻȺ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ. Ɇ. Ʉɭɧɚ-Ȼɪɨɧɿɣɨɜɫɶɤɢ, ɩɪɨɮ., ɍɧɿɜɟɪɫɢɬɟɬ 
ɩɪɢɪɨɞɧɢɱɢɯ ɧɚɭɤ, Ʌɸɛɥɿɧ (ɉɨɥɶɳɚ). Є. Ʉɪɚɫɨɜɫɶɤɢɣ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ., ɉɨɥɶɫɶɤɚ Ⱥɤɚɞɟɦɿɹ ɧɚɭɤ, 
Ʉɨɦɿɫɿɹ ɦɟɯɚɧɿɡɚɰɿʀ ɬɚ ɟɧɟɪɝɟɬɢɤɢ ɡɟɦɥɟɪɨɛɫɬɜɚ, Ʌɸɛɥɿɧ (ɉɨɥɶɳɚ) 

Ɂɛɿɪɧɢɤ ɧɚɭɤɨɜɢɯ 
ɩɪɚɰɶ ɜɯɨɞɢɬɶ  

ɞɨ ɩɟɪɟɥɿɤɭ № 1 ɧɚɭɤɨɜɢɯ ɮɚɯɨɜɢɯ ɜɢɞɚɧɶ ɍɤɪɚʀɧɢ, ɜ ɹɤɢɯ ɦɨɠɭɬɶ 
ɩɭɛɥɿɤɭɜɚɬɢɫɹ ɪɟɡɭɥɶɬɚɬɢ ɞɢɫɟɪɬɚɰɿɣɧɢɯ ɪɨɛɿɬ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɢɯ ɫɬɭɩɟɧɿɜ 
ɞɨɤɬɨɪɚ ɿ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ ɡɝɿɞɧɨ ɡ ɧɚɤɚɡɨɦ 
Ɇɿɧɿɫɬɟɪɫɬɜɚ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ ɜɿɞ 07.10.2015 № 1021 

ɋɜɿɞɨɰɬɜɨ ɩɪɨ 
Ⱦɟɪɠɚɜɧɭ ɪɟєɫɬɪɚɰɿɸ 

ɞɪɭɤɨɜɚɧɨɝɨ ɡɚɫɨɛɭ ɦɚɫɨɜɨʀ ɿɧɮɨɪɦɚɰɿʀ – ɫɟɪɿɹ Ʉȼ № 9702 – ɜɢɞɚɧɟ Ⱦɟɪɠɚɜɧɢɦ 
ɤɨɦɿɬɟɬɨɦ ɬɟɥɟɛɚɱɟɧɧɹ ɿ ɪɚɞɿɨɦɨɜɥɟɧɧɹ ɍɤɪɚʀɧɢ 24 ɛɟɪɟɡɧɹ 2005 ɪ. 
 

Ɂɚɫɧɨɜɧɢɤ ɬɚ ɜɢɞɚɜɟɰɶ Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ 
ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ» 

 ȼɢɯɨɞɢɬɶ 12 ɪɚɡɿɜ ɧɚ ɪɿɤ 

Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɞɨ 
ɞɪɭɤɭ  

ɜɱɟɧɨɸ ɪɚɞɨɸ ɚɤɚɞɟɦɿʀ, ɩɪɨɬɨɤɨɥ № 12 ɜɿɞ 04.05.2016 ɪ. 

ɋɚɣɬ ɜɢɞɚɧɧɹ  http:// visnyk.pgasa.d
 .ua 

ɇɚɭɤɨɦɟɬɪɢɱɧɿ ɛɚɡɢ  ɬɚ 
ɟɥɟɤɬɪɨɧɧɿ ɛɿɛɥɿɨɬɟɤɢ, 
ɜ ɹɤɢɯ ɡɚɪɟєɫɬɪɨɜɚɧɢɣ  
ɧɚɭɤɨɜɢɣ ɠɭɪɧɚɥ   

Іɧɮɨɪɦɚɰɿɣɧɨ-ɚɧɚɥɿɬɢɱɧɿ ɫɢɫɬɟɦɢ: Ɋȱɇɐ (ОLТЛЫКЫв), IЧПШBКЬО IЧНОб (IBI  
Factor = 3,96), Universal Impact Factor, Open Academic Journal Index, Directory, 

Indexing of International Research Journals (CiteFactor). ȿɥɟɤɬɪɨɧɧɿ ɛɿɛɥɿɨɬɟɤɢ 
ɬɚ ɩɨɲɭɤɨɜɿ ɫɢɫɬɟɦɢ: Bielefeld Academic Search Engine (BASE), 

ɋyberLeninka, OCLC WorldCat, Open Journal Systems, ɍɤɪɚʀɧɫɶɤɿ ɧɚɭɤɨɜɿ 
ɠɭɪɧɚɥɢ, ɇɚɰɿɨɧɚɥɶɧɚ ɛɿɛɥɿɨɬɟɤɚ ɍɤɪɚʀɧɢ ɿɦ. ȼ. ȱ. ȼɟɪɧɚɞɫɶɤɨɝɨ 

 

 ɏɭɞɨɠɧɿɣ ɿ ɬɟɯɧɿɱɧɢɣ ɪɟɞɚɤɬɨɪ ɋ. Ⱦ. Ɇɨʀɫɟєɧɤɨ 

ɉɟɪɟɤɥɚɞɚɱ Ʌ. ȼ. Ɇɢɯɚɣɥɨɜɚ 

Ɋɟɞɚɤɬɨɪ ȼ. Ⱦ. Ɇɚɥɨɜɢɤ 

Ʉɨɪɟɤɬɨɪ ȼ. Ⱦ. Ɇɚɥɨɜɢɤ.  



  

ɆɂɇɂɋɌȿɊɋɌȼɈ ɈȻɊȺɁɈȼȺɇɂə ɂ ɇȺɍɄɂ ɍɄɊȺɂɇɕ 

 
ȽɈɋɍȾȺɊɋɌȼȿɇɇɈȿ ȼɕɋɒȿȿ ɍɑȿȻɇɈȿ ɁȺȼȿȾȿɇɂȿ  

«ɉɊɂȾɇȿɉɊɈȼɋɄȺə ȽɈɋɍȾȺɊɋɌȼȿɇɇȺə ȺɄȺȾȿɆɂə  
ɋɌɊɈɂɌȿɅɖɋɌȼȺ ɂ ȺɊɏɂɌȿɄɌɍɊɕ»  
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ɊȿȾȺɄɐɂɈɇɇЫɃ ɋɈȼȿɌ: 

Ƚɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ 

Ɂɚɦɟɫɬɢɬɟɥɶ  ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ  

Ɉɬɜɟɬɫɬɜɟɧɧɵɣ ɫɟɤɪɟɬɚɪɶ  

ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ 

ɇ. ȼ. ɋɚɜɢɰɤɢɣ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ 

Ƚ. ɉ. ȿɜɫɟɟɜɚ, ɞ-ɪ ɧɚɭɤ ɝɨɫ. ɭɩɪ. 

ȼ. ȼ. Ⱦɚɧɢɲɟɜɫɤɢɣ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ȼ. ɇ. Ⱦɟɪɟɜɹɧɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɇ. ɂ. ȼɟɪɯɨɝɥɹɞɨɜɚ, ɞ-ɪ ɷɤɨɧ. 
ɧɚɭɤ, ɂ. ȼ. Ɋɵɠɤɨɜ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ȼ. Ƚ. Ɂɚɪɟɧɛɢɧ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɋ. ȼ. ɂɜɚɧɨɜ, ɞ-ɪ ɷɤɨɧ. ɧɚɭɤ,    
Ɍ. ɋ. Ʉɪɚɜɱɭɧɨɜɫɤɚɹ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɋ. Ⱥ. ɋɥɨɛɨɞɹɧɸɤ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  Ⱥ. ȼ. ɑɟɥɧɨɤɨɜ, ɤɚɧɞ. ɬɟɯɧ. 
ɧɚɭɤ, ɇ. ȼ. ɒɩɢɪɶɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ 

 

ɊȿȾȺɄɐɂɈɇɇȺə ɄɈɅɅȿȽɂə: 

ȼ. Ɏ. Ȼɚɲɟɜ, ɞ-ɪ ɮɢɡ.-ɦɚɬ. ɧɚɭɤ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. Ⱥ. ɂ. Ȼɟɥɨɤɨɧɶ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ (ɉȽȺɋȺ), Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ȼ. Ɇ. ȼɚɞɢɦɨɜ, ɞ-ɪ ɚɪɯɢɬɟɤɬɭɪɵ, ɉɨɥɬɚɜɚ. 

ɇ. ɂ. ȼɟɪɯɨɝɥɹɞɨɜɚ, ɞ-ɪ ɷɤɨɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. Ⱦ. Ɏ. Ƚɨɧɱɚɪɟɧɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, 
ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ (ɏɇɍɋȺ), ɏɚɪɶɤɨɜ.        

ȼ. ȼ. Ⱦɚɧɢɲɟɜɫɤɢɣ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ȼ. ɇ. Ⱦɟɪɟɜɹɧɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ȼ. ɂ. Ⱦɭɛɧɢɰɤɢɣ, ɞ-ɪ ɷɤɨɧ. ɧɚɭɤ, Ⱦɨɧɟɰɤɢɣ ɷɤɨɧɨɦɢɤɨ-ɝɭɦɚɧɢɬɚɪɧɵɣ ɢɧɫɬɢɬɭɬ, 
Ⱦɨɧɟɰɤ. ɇ. Ɇ. Ⱦɟɦɢɧ, ɞ-ɪ ɚɪɯɢɬɟɤɬɭɪɵ, Ʉɢɟɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɚɪɯɢɬɟɤɬɭɪɵ (ɄɇɍɋȺ), Ʉɢɟɜ. Ƚ. ɉ. ȿɜɫɟɟɜɚ, ɞ-ɪ ɧɚɭɤ ɝɨɫ. ɭɩɪ., ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ȿ. Ⱥ. ȿɝɨɪɨɜ, 

ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ȼ. Ƚ. Ɂɚɪɟɧɛɢɧ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. 
ɋ. ȼ. ɂɜɚɧɨɜ, ɞ-ɪ ɷɤɨɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ɋ. ȼ. Ʉɚɥɚɦɛɟɬ, ɞ-ɪ ɷɤɨɧ. ɧɚɭɤ, 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɦ. ɚɤɚɞ. ȼ. Ʌɚɡɚɪɹɧɚ, 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. Ƚ. ɇ. Ʉɨɜɲɨɜ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ɘ. Ⱥ. Ʉɢɪɢɱɟɤ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, 
ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. Ɍ. ɋ. Ʉɪɚɜɱɭɧɨɜɫɤɚɹ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ.   
ȼ. ɉ. Ɇɢɪɨɧɟɧɤɨ, ɞ-ɪ ɚɪɯɢɬɟɤɬɭɪɵ, ɏɇɍɋȺ, ɏɚɪɶɤɨɜ. ɘ. ȼ. Ɉɪɥɨɜɫɤɚɹ, ɞ-ɪ ɷɤɨɧ. ɧɚɭɤ, ɉȽȺɋȺ, 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. Ⱥ. ȼ. ɉɥɟɯɚɧɨɜ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ȼ. Ʌ. ɋɟɞɢɧ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, 
ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ɋ. Ⱥ. ɋɥɨɛɨɞɹɧɸɤ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. 
ȼ. Ⱥ. Ɍɢɦɨɯɢɧ, ɞ-ɪ ɚɪɯɢɬɟɤɬɭɪɵ, ɄɇɍɋȺ, Ʉɢɟɜ. Ⱥ. ȼ. ɑɟɥɧɨɤɨɜ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. ɇ. ȼ. ɒɩɢɪɶɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɉȽȺɋȺ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ. Ɇ. Ʉɭɧɚ-Ȼɪɨɧɢɣɨɜɫɤɢ,  

ɩɪɨɮ., ɍɧɢɜɟɪɫɢɬɟɬ ɟɫɬɟɫɬɜɟɧɧɵɯ ɧɚɭɤ, Ʌɸɛɥɢɧ (ɉɨɥɶɲɚ). ȿ. Ʉɪɚɫɨɜɫɤɢɣ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ., 
ɉɨɥɶɫɤɚɹ Ⱥɤɚɞɟɦɢɹ ɧɚɭɤ, Ʉɨɦɢɫɫɢɹ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɷɧɟɪɝɟɬɢɤɢ ɡɟɦɥɟɞɟɥɢɹ, Ʌɸɛɥɢɧ (ɉɨɥɶɲɚ)  

ɋɛɨɪɧɢɤ ɧɚɭɱɧɵɯ 
ɬɪɭɞɨɜ ɜɯɨɞɢɬ  

ɜ ɩɟɪɟɱɟɧɶ № 1 ɧɚɭɱɧɵɯ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɢɡɞɚɧɢɣ ɍɤɪɚɢɧɵ, ɜ ɤɨɬɨɪɵɯ ɦɨɝɭɬ 
ɩɭɛɥɢɤɨɜɚɬɶɫɹ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɵɯ ɪɚɛɨɬ ɧɚ ɩɨɥɭɱɟɧɢɟ ɭɱɟɧɵɯ 
ɫɬɟɩɟɧɟɣ  ɞɨɤɬɨɪɚ ɢ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ ɢ ɚɪɯɢɬɟɤɬɭɪɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɢɤɚɡɨɦ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɍɤɪɚɢɧɵ ɨɬ 07.10.2015 № 1021 

ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɪɟɝɢɫɬɪɚɰɢɢ  

ɩɟɱɚɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɦɚɫɫɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ – ɫɟɪɢɹ Ʉȼ № 9702 – ɜɵɞɚɧɨ 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɤɨɦɢɬɟɬɨɦ ɬɟɥɟɜɢɞɟɧɢɹ ɢ ɪɚɞɢɨɜɟɳɚɧɢɹ ɍɤɪɚɢɧɵ              
24 ɦɚɪɬɚ 2005 ɝ. 

Ɉɫɧɨɜɚɬɟɥɶ ɢ 
ɢɡɞɚɬɟɥɶ  

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ 
ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ»  

 ȼɵɯɨɞɢɬ 12 ɪɚɡ ɜ ɝɨɞ  

Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɤ 
ɩɟɱɚɬɢ   

ɭɱɟɧɵɦ ɫɨɜɟɬɨɦ ɚɤɚɞɟɦɢɢ, ɩɪɨɬɨɤɨɥ № 12 ɨɬ 04.05.2016 ɝ. 

ɋɚɣɬ ɢɡɞɚɧɢɹ http:// visnyk.pgasa.dp.ua 

ɇɚɭɤɨɦɟɬɪɢɱɟɫɤɢɟ 
ɛɚɡɵ ɢ ɷɥɟɤɬɪɨɧɧɵɟ 
ɛɢɛɥɢɨɬɟɤɢ, ɜ 
ɤɨɬɨɪɵɯ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ 
ɧɚɭɱɧɵɣ ɠɭɪɧɚɥ 

ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ: Ɋɂɇɐ (eLibrary), InfoBase Index (IBI 

Factor = 3,96), Universal Impact Factor, Open Academic Journal Index, Directory 

Indexing of International Research Journals (CiteFactor). Эɥɟɤɬɪɨɧɧɵɟ ɛɢɛɥɢɨɬɟɤɢ 
ɢ ɩɨɢɫɤɨɜɵɟ ɫɢɫɬɟɦɵ: Bielefeld Academic Search Engine (BASE), ɋyberLeninka, 

OCLC WorldCat, Open Journal Systems,  ɍɤɪɚɢɧɫɤɢɟ ɧɚɭɱɧɵɟ ɠɭɪɧɚɥɵ, 
ɇɚɰɢɨɧɚɥɶɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɍɤɪɚɢɧɵ ɢɦ. ȼ. ɂ. ȼɟɪɧɚɞɫɤɨɝɨ 

 ɏɭɞɨɠɟɫɬɜɟɧɧɵɣ ɢ ɬɟɯɧɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ ɋ. Ⱦ. Ɇɨɢɫɟɟɧɤɨ 

ɉɟɪɟɜɨɞɱɢɤ Ʌ. ȼ. Ɇɢɯɚɣɥɨɜɚ 

Ɋɟɞɚɤɬɨɪ ȼ. Ⱦ. Ɇɚɥɨɜɢɤ 

Ʉɨɪɪɟɤɬɨɪ ȼ. Ⱦ. Ɇɚɥɨɜɢɤ.  
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ɅȱȾȿɊ ɉɅɘɋ ɄɈɅȿɄɌɂȼ — ȺɄɋȱɈɆȺ ɍɋɉȱɏɍ  

ɉɨ-ɨɫɨɛɥɢɜɨɦɭ ɫɤɥɚɞɚєɬɶɫɹ ɞɨɥɹ ɥɸɞɢɧɢ, ɠɢɬɬєɜɟ ɤɪɟɞɨ ɹɤɨʀ ɫɩɿɜɡɜɭɱɧɟ ɜɢɫɥɨɜɥɸɜɚɧɧɸ 

ȼ. Ƚ. Ʉɨɪɨɥɟɧɤɚ: «Ɍɪɟɛɚ ɫɚɦɨɦɭ ɛɚɝɚɬɨ ɡɧɚɬɢ, ɳɨɛ ɧɚɜɱɚɬɢ ɿɧɲɢɯ». ɋɚɦɟ ɰɿ ɫɥɨɜɚ ɫɩɚɞɚɸɬɶ 

ɧɚ ɞɭɦɤɭ, ɤɨɥɢ ɦɨɜɚ ɣɞɟ ɩɪɨ ɞɨɤɬɨɪɚ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪɚ, ɪɟɤɬɨɪɚ ɉɪɢɞɧɿɩɪɨɜɫɶɤɨʀ 

ɞɟɪɠɚɜɧɨʀ ɚɤɚɞɟɦɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ ȼɨɥɨɞɢɦɢɪɚ Іɜɚɧɨɜɢɱɚ Ȼɨɥɶɲɚɤɨɜɚ. 

ȼɨɥɨɞɢɦɢɪ Іɜɚɧɨɜɢɱ ɧɚɪɨɞɢɜɫɹ 13 ɬɪɚɜɧɹ 1946 ɪɨɤɭ ɜ ɦ. Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ ɭ ɪɨɞɢɧɿ 

ɦɟɯɚɧɿɤɚ, Іɜɚɧɚ Ɏɟɞɨɪɨɜɢɱɚ Ȼɨɥɶɲɚɤɨɜɚ, ɬɚ ɥɿɤɚɪɹ, Ɍɟɬɹɧɢ Ɏɟɞɨɪɿɜɧɢ ɋɬɚɪɨɞɭɛɨɜɨʀ. ɍ 1963 

ɪɨɰɿ ɡɚɤɿɧɱɢɜ ɫɟɪɟɞɧɸ ɲɤɨɥɭ № 23, ɩɪɨ ɩɟɞɚɝɨɝɿɱɧɢɣ ɤɨɥɟɤɬɢɜ ɹɤɨʀ ɡɝɚɞɭє ɞɭɠɟ ɬɟɩɥɨ, ɿɡ 

ɜɞɹɱɧɿɫɬɸ, ɩɨɿɦɟɧɧɨ ɧɚɡɢɜɚɸɱɢ ɤɨɠɧɨɝɨ ɫɜɨɝɨ ɜɱɢɬɟɥɹ, ɳɢɪɨ ɝɨɜɨɪɹɱɢ, ɳɨ ɣɨɝɨ ɜɱɢɬɟɥɿ 

ɛɭɥɢ «ɥɸɞɶɦɢ ɱɭɞɨɜɢɦɢ, ɡ ɹɫɧɨɸ ɿ ɧɿɠɧɨɸ ɞɭɲɟɸ». ɋɚɦɟ ɜɨɧɢ ɧɚɜɱɢɥɢ ȼɨɥɨɞɢɦɢɪɚ 

Іɜɚɧɨɜɢɱɚ ɩɪɚɰɸɜɚɬɢ ɣ ɩɪɢɳɟɩɢɥɢ ɧɟɚɛɢɹɤɢɣ ɿɧɬɟɪɟɫ ɞɨ ɧɚɭɤɢ ɿ ɫɯɢɥɶɧɿɫɬɶ ɞɨ ɫɟɪɣɨɡɧɨɝɨ 

ɧɚɭɤɨɜɨɝɨ ɩɨɲɭɤɭ. Ɍɨɦɭ ɧɟɜɢɩɚɞɤɨɜɨ, ɡɚɤɿɧɱɢɜɲɢ ɜ 1969 ɪɨɰɿ ɡ ɜɿɞɡɧɚɤɨɸ 

Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ ɦɟɬɚɥɭɪɝɿɣɧɢɣ ɿɧɫɬɢɬɭɬ ɣ ɨɬɪɢɦɚɜɲɢ ɞɢɩɥɨɦ ɡɿ ɫɩɟɰɿɚɥɶɧɨɫɬɿ 

«Ɇɟɬɚɥɨɡɧɚɜɫɬɜɨ ɬɚ ɬɟɪɦɿɱɧɚ ɨɛɪɨɛɤɚ ɦɟɬɚɥɿɜ», ȼ. І. Ȼɨɥɶɲɚɤɨɜ ɭɠɟ ɜ 1973 ɪɨɰɿ ɛɥɢɫɤɭɱɟ 

ɡɚɯɢɫɬɢɜ ɞɢɫɟɪɬɚɰɿɸ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ. Ɂ 1969 ɪɨɤɭ 

ɜɿɧ ɩɪɚɰɸɜɚɜ ɧɚ ɩɨɫɚɞɿ ɦɨɥɨɞɲɨɝɨ ɧɚɭɤɨɜɨɝɨ ɫɩɿɜɪɨɛɿɬɧɢɤɚ Ɇɨɫɤɨɜɫɶɤɨɝɨ ɿɧɠɟɧɟɪɧɨ-

ɛɭɞɿɜɟɥɶɧɨɝɨ ɿɧɫɬɢɬɭɬɭ, ɚ ɡ 1972-ɝɨ — ɧɚ ɩɨɫɚɞɿ ɫɬɚɪɲɨɝɨ ɧɚɭɤɨɜɨɝɨ ɫɩɿɜɪɨɛɿɬɧɢɤɚ 

Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ ɿɧɠɟɧɟɪɧɨ-ɛɭɞɿɜɟɥɶɧɨɝɨ ɿɧɫɬɢɬɭɬɭ. ɉɪɨɬɹɝɨɦ 1975−1986 ɪɨɤɿɜ ɛɭɜ 

ɞɨɰɟɧɬɨɦ ɤɚɮɟɞɪɢ ɦɟɬɚɥɟɜɢɯ ɿ ɞɟɪɟɜ’ɹɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ. 

ɒɢɪɨɤɚ ɟɪɭɞɢɰɿɹ, ɬɜɨɪɱɟ ɜɨɥɨɞɿɧɧɹ ɬɟɨɪɿєɸ ɿ ɩɪɚɤɬɢɤɨɸ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ, 

ɧɚɩɨɥɟɝɥɢɜɿɫɬɶ ɜ ɨɛɪɨɛɥɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɜɿɞɤɪɢɥɢ ȼɨɥɨɞɢɦɢɪɭ Іɜɚɧɨɜɢɱɭ 

ɬɚєɦɧɢɰɸ ɬɨɧɤɢɯ ɦɟɬɚɥɟɜɢɯ ɫɬɪɭɤɬɭɪ, ɿ ɜ 1985 ɪɨɰɿ ɜɿɧ ɭɫɩɿɲɧɨ ɡɚɯɢɫɬɢɜ ɞɢɫɟɪɬɚɰɿɸ ɧɚ 

ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɞɨɤɬɨɪɚ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɚ ɜ 1987-ɦɭ ɨɬɪɢɦɚɜ ɭɱɟɧɟ ɡɜɚɧɧɹ 

ɩɪɨɮɟɫɨɪɚ. 

Ɇɚɫɲɬɚɛɧɨɸ є ɿ ɫɮɟɪɚ ɚɞɦɿɧɿɫɬɪɚɬɢɜɧɨʀ ɞɿɹɥɶɧɨɫɬɿ ɧɚɭɤɨɜɰɹ: ɭ 1987 ɪɨɰɿ ɣɨɝɨ ɨɛɪɚɧɨ 

ɪɟɤɬɨɪɨɦ ɉɪɢɞɧɿɩɪɨɜɫɶɤɨʀ ɞɟɪɠɚɜɧɨʀ ɚɤɚɞɟɦɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ (ɬɨɞɿ — 

Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ ɿɧɠɟɧɟɪɧɨ-ɛɭɞɿɜɟɥɶɧɨɝɨ ɿɧɫɬɢɬɭɬɭ). Ȼɥɢɡɶɤɨ 15 ɪɨɤɿɜ ɜɿɧ ɨɱɨɥɸɜɚɜ 

ɤɚɮɟɞɪɭ ɬɟɯɧɨɥɨɝɿʀ ɦɟɬɚɥɿɜ ɬɚ ɤɚɮɟɞɪɭ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɿ ɨɛɪɨɛɤɢ ɦɟɬɚɥɿɜ. ɉɨɫɚɞɭ ɪɟɤɬɨɪɚ 

ȼɨɥɨɞɢɦɢɪ Іɜɚɧɨɜɢɱ Ȼɨɥɶɲɚɤɨɜ ɨɛɿɣɦɚє ɿ ɧɢɧɿ. Ɂɚɜɠɞɢ ɡɚɥɢɲɚɸɱɢɫɶ ɥɸɞɹɧɢɦ, 

ɞɟɦɨɤɪɚɬɢɱɧɢɦ, ɥɟɝɤɢɦ ɭ ɫɩɿɥɤɭɜɚɧɧɿ, ɪɟɤɬɨɪ ɡɭɦɿɜ ɫɬɜɨɪɢɬɢ ɿ ɩɪɨɞɨɜɠɭє ɩɿɞɬɪɢɦɭɜɚɬɢ ɜ 

ɤɨɥɟɤɬɢɜɿ ɬɟɩɥɭ, ɦɚɣɠɟ ɪɨɞɢɧɧɭ ɚɬɦɨɫɮɟɪɭ, ɞɟ ɜɫɿ ɫɩɪɚɜɢ ɛɭɥɢ ɿ є ɫɩɿɥɶɧɢɦɢ. Ʉɨɠɟɧ ɱɥɟɧ 

ɣɨɝɨ ɜɟɥɢɱɟɡɧɨɝɨ ɤɨɥɟɤɬɢɜɭ, ɹɤɨɦɭ ɜɞɚɥɨɫɹ ɭɫɶɨɝɨ ɯɨɱɚ ɛ ɪɚɡ ɭ ɠɢɬɬɿ ɩɨɫɩɿɥɤɭɜɚɬɢɫɹ ɡ 
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ȼɨɥɨɞɢɦɢɪɨɦ Іɜɚɧɨɜɢɱɟɦ, ɨɞɪɚɡɭ ɝɨɜɨɪɢɬɶ ɩɪɨ ɝɨɬɨɜɧɿɫɬɶ ɿ ɛɚɠɚɧɧɹ ɤɟɪɿɜɧɢɤɚ ɤɨɠɧɨɝɨ 

ɜɢɫɥɭɯɚɬɢ, ɤɨɠɧɨɦɭ ɞɨɩɨɦɨɝɬɢ, ɤɨɠɧɨɝɨ ɩɿɞɬɪɢɦɚɬɢ. 

Ɋɨɛɨɬɢ ɣ ɨɛɨɜ’ɹɡɤɿɜ ɛɚɝɚɬɨ, ɚɥɟ ɞɥɹ ɩɪɨɮɟɫɨɪɚ ȼ. І. Ȼɨɥɶɲɚɤɨɜɚ ɧɚɣɜɚɠɥɢɜɿɲɨɸ ɡɚɜɠɞɢ 

ɛɭɥɚ ɿ ɡɚɥɢɲɚєɬɶɫɹ ɧɚɭɤɚ. ȼɱɟɧɨɦɭ ɜɞɚɥɨɫɹ ɜɩɢɫɚɬɢ ɹɫɤɪɚɜɿ ɫɬɨɪɿɧɤɢ ɜ ɥɿɬɨɩɢɫ ɜɿɬɱɢɡɧɹɧɨʀ 

ɧɚɭɤɢ, ɚɞɠɟ ɜɿɧ — ɨɫɧɨɜɨɩɨɥɨɠɧɢɤ ɧɚɭɤɨɜɨʀ ɲɤɨɥɢ ɩɪɢɤɥɚɞɧɨɝɨ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ, ɳɨ 

ɡɞɨɛɭɥɚ ɭ ɫɜɿɬɨɜɿɣ ɧɚɭɰɿ ɜɢɫɨɤɢɣ ɚɜɬɨɪɢɬɟɬ ɿ ɩɪɨɞɨɜɠɭє ɡ ɭɫɩɿɯɨɦ ɪɨɡɜɢɜɚɬɢɫɹ. 

ɐɿɥɟɫɩɪɹɦɨɜɚɧɿɫɬɶ, ɧɚɩɨɥɟɝɥɢɜɿɫɬɶ, ɜɟɥɢɱɟɡɧɚ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ — ɨɫɧɨɜɧɿ ɪɢɫɢ ɯɚɪɚɤɬɟɪɭ 

ɜɱɟɧɨɝɨ ɡ ɟɧɰɢɤɥɨɩɟɞɢɱɧɢɦɢ ɡɧɚɧɧɹɦɢ ɭ ɫɮɟɪɿ ɦɟɬɚɥɭɪɝɿʀ ɬɚ ɬɟɯɧɨɥɨɝɿʀ ɦɟɬɚɥɿɜ. ȼɿɧ 

ɩɪɨɜɨɞɢɬɶ ɧɚɭɤɨɜɿ ɞɨɫɥɿɞɠɟɧɧɹ ɜ ɝɚɥɭɡɿ ɮɿɡɢɱɧɨɝɨ ɦɟɬɚɥɨɡɧɚɜɫɬɜɚ ɛɭɞɿɜɟɥɶɧɢɯ ɫɬɚɥɟɣ 

ɩɿɞɜɢɳɟɧɨʀ ɬɚ ɜɢɫɨɤɨʀ ɦɿɰɧɨɫɬɿ, ɧɨɜɢɯ ɦɚɬɟɪɿɚɥɿɜ ɬɚ ɜɢɪɨɛɿɜ ɿɡ ɜɢɫɨɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 

ɩɟɪɟɪɨɛɤɢ ɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɿɞɯɨɞɿɜ ɜɢɪɨɛɧɢɰɬɜɚ ɜ ɛɭɞɿɜɧɢɰɬɜɿ. 

ɇɚɭɤɨɜɿ ɬɚ ɩɪɢɤɥɚɞɧɿ ɪɨɡɪɨɛɤɢ ȼɨɥɨɞɢɦɢɪɚ Іɜɚɧɨɜɢɱɚ Ȼɨɥɶɲɚɤɨɜɚ ɜɢɫɨɤɨ ɨɰɿɧɟɧɿ 

ɞɟɪɠɚɜɨɸ. ȼɿɧ ɡɚɫɥɭɠɟɧɢɣ ɞɿɹɱ ɧɚɭɤɢ ɬɚ ɬɟɯɧɿɤɢ ɍɤɪɚʀɧɢ (1992), ɥɚɭɪɟɚɬ Ⱦɟɪɠɚɜɧɨʀ ɩɪɟɦɿʀ 

ɍɤɪɚʀɧɢ ɜ ɝɚɥɭɡɿ ɧɚɭɤɢ ɿ ɬɟɯɧɿɤɢ (1999), ɩɨɱɟɫɧɢɣ ɩɪɨɮɟɫɨɪ ɍɧɿɜɟɪɫɢɬɟɬɭ ɋɜ. Ʉɥɢɦɟɧɬɚ 

Ɉɯɪɢɞɫɶɤɨɝɨ (Ɇɚɤɟɞɨɧɿɹ, 1996), ȼɚɪɲɚɜɫɶɤɨʀ ɉɨɥɿɬɟɯɧɿɤɢ (2002), ɞɿɣɫɧɢɣ ɱɥɟɧ Ⱥɤɚɞɟɦɿʀ 

ɛɭɞɿɜɧɢɰɬɜɚ ɍɤɪɚʀɧɢ, Ⱥɤɚɞɟɦɿʀ ɧɚɭɤ ɜɢɳɨʀ ɲɤɨɥɢ ɍɤɪɚʀɧɢ, Ɇɿɠɧɚɪɨɞɧɨʀ ɿɧɠɟɧɟɪɧɨʀ ɚɤɚɞɟɦɿʀ 

(Ɇɨɫɤɜɚ), ɇɶɸ-Ƀɨɪɤɫɶɤɨʀ Ⱥɤɚɞɟɦɿʀ ɧɚɭɤ, Ⱥɤɚɞɟɦɿʀ ɿɧɠɟɧɟɪɧɢɯ ɧɚɭɤ ɍɤɪɚʀɧɢ, Ɍɨɜɚɪɢɫɬɜɚ 

ɱɨɪɧɨʀ ɦɟɬɚɥɭɪɝɿʀ ɋɒȺ ɬɚ Ʉɚɧɚɞɢ, Іɧɫɬɢɬɭɬɭ ɦɚɬɟɪɿɚɥɿɜ (Ⱥɧɝɥɿɹ), Єɜɪɨɩɟɣɫɶɤɨɝɨ ɬɨɜɚɪɢɫɬɜɚ 

ɦɚɬɟɦɚɬɢɤɿɜ ɬɚ ɦɟɯɚɧɿɤɿɜ (ɇɿɦɟɱɱɢɧɚ), Ɍɨɜɚɪɢɫɬɜɚ ɦɨɫɬɿɜ ɬɚ ɤɨɧɫɬɪɭɤɰɿɣ (ɒɜɟɣɰɚɪɿɹ), 

Іɧɫɬɢɬɭɬɭ ɝɿɪɧɢɱɢɯ, ɦɟɬɚɥɭɪɝɿɣɧɢɯ ɬɚ ɧɚɮɬɨɜɢɯ ɿɧɠɟɧɟɪɿɜ (Ʉɚɧɚɞɚ), ɩɨɱɟɫɧɢɣ ɿɧɠɟɧɟɪ Ɋɨɫɿʀ 

(2000), Ʌɸɞɢɧɚ ɪɨɤɭ 1995/1996 (Ⱥɧɝɥɿɹ), Ʌɸɞɢɧɚ ɪɨɤɭ (Ɇɿɠɧɚɪɨɞɧɢɣ ɛɿɨɝɪɚɮɿɱɧɢɣ ɿɧɫɬɢɬɭɬ, 

ɋɒȺ, 1997), Ʌɸɞɢɧɚ ɪɨɤɭ ɜ ɝɚɥɭɡɿ ɿɧɠɟɧɟɪɿʀ (Ⱥɧɝɥɿɹ, 1998). 

ȼɨɥɨɞɢɦɢɪ Іɜɚɧɨɜɢɱ Ȼɨɥɶɲɚɤɨɜ − ɥɚɭɪɟɚɬ ɚɤɚɞɟɦɿɱɧɨʀ ɩɪɟɦɿʀ ɿɦ. ɚɤɚɞɟɦɿɤɚ 

Ʉ. Ɏ. ɋɬɚɪɨɞɭɛɨɜɚ (Ɇɿɠɧɚɪɨɞɧɚ ɿɧɠɟɧɟɪɧɚ ɚɤɚɞɟɦɿɹ, 1996), ɩɪɟɦɿʀ ɿɦ. ɚɤɚɞɟɦɿɤɚ 

Ɇ. ɋ. Ȼɭɞɧɢɤɨɜɚ (Ⱥɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɍɤɪɚʀɧɢ, 2000, 2002), ɩɪɟɦɿʀ ɿɦ. ɚɤɚɞɟɦɿɤɚ 

Ȼ. Є. ɉɚɬɨɧɚ (Ɇɿɠɧɚɪɨɞɧɚ ɿɧɠɟɧɟɪɧɚ ɚɤɚɞɟɦɿɹ, 2001), ɧɚɝɨɪɨɞɢ əɪɨɫɥɚɜɚ Ɇɭɞɪɨɝɨ Ⱥɇ ȼɒ 

ɍɤɪɚʀɧɢ (2002). ɇɚɝɨɪɨɞɠɟɧɢɣ ɉɨɱɟɫɧɨɸ ɝɪɚɦɨɬɨɸ ȼɟɪɯɨɜɧɨʀ Ɋɚɞɢ ɍɤɪɚʀɧɢ «Ɂɚ ɨɫɨɛɥɢɜɿ 

ɡɚɫɥɭɝɢ ɩɟɪɟɞ ɭɤɪɚʀɧɫɶɤɢɦ ɧɚɪɨɞɨɦ» (2003) ɬɚ ɱɢɫɥɟɧɧɢɦɢ ɜɿɞɡɧɚɤɚɦɢ ɧɚɰɿɨɧɚɥɶɧɢɯ ɬɚ 

ɦɿɠɧɚɪɨɞɧɢɯ ɧɚɭɤɨɜɢɯ ɬɨɜɚɪɢɫɬɜ, ɤɚɜɚɥɟɪ ɨɪɞɟɧɚ ɭɪɹɞɭ Ɏɪɚɧɰɿʀ «ɉɚɥɶɦɨɜɚ ɝɿɥɤɚ» ІІ ɫɬɭɩɟɧɹ 

(1994) ɬɚ ɨɪɞɟɧɚ «Ɂɚ ɡɚɫɥɭɝɢ» ІІІ ɫɬɭɩɟɧɹ (2000). 

ȼɨɥɨɞɢɦɢɪ Іɜɚɧɨɜɢɱ Ȼɨɥɶɲɚɤɨɜ − ɚɜɬɨɪ ɩɨɧɚɞ 1 000 ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ, ɫɟɪɟɞ ɹɤɢɯ ɩɨɧɚɞ 

50 ɦɨɧɨɝɪɚɮɿɣ, ɛɥɢɡɶɤɨ 150 ɩɚɬɟɧɬɿɜ ɬɚ ɚɜɬɨɪɫɶɤɢɯ ɫɜɿɞɨɰɬɜ. 

ɉɿɞ ɤɟɪɿɜɧɢɰɬɜɨɦ ȼɨɥɨɞɢɦɢɪɚ Іɜɚɧɨɜɢɱɚ ɡɚɯɢɳɟɧɨ 17 ɤɚɧɞɢɞɚɬɫɶɤɢɯ ɿ 9 ɞɨɤɬɨɪɫɶɤɢɯ 

ɞɢɫɟɪɬɚɰɿɣ. ȼɚɠɤɨ ɨɰɿɧɢɬɢ ɡɚɝɚɥɶɧɭ ɤɿɥɶɤɿɫɬɶ ɫɬɭɞɟɧɬɿɜ, ɚɫɩɿɪɚɧɬɿɜ, ɤɨɥɟɝ, ɹɤɢɯ ɜɿɧ 
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ɩɪɨɤɨɧɫɭɥɶɬɭɜɚɜ ɧɚ ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ ɿ ɹɤɿ ɡɨɛɨɜ’ɹɡɚɧɿ ɣɨɦɭ ɫɜɨʀɦɢ ɧɚɭɤɨɜɢɦɢ ɩɟɪɟɦɨɝɚɦɢ. 

ɍɱɧɿ ɜɞɹɱɧɿ ɣɨɦɭ ɡɚ ɬɟ, ɳɨ ɦɚɥɢ ɡɦɨɝɭ ɧɚɜɱɚɬɢɫɹ ɭ ɜɟɥɢɤɨɝɨ ɧɚɭɤɨɜɰɹ ɿ ɦɚɸɬɶ ɡɦɨɝɭ ɡ ɧɢɦ 

ɫɩɿɜɩɪɚɰɸɜɚɬɢ. 

Ɂɚ ɜɿɞɧɨɜɥɟɧɧɹ ɩɪɚɜɨɫɥɚɜɧɢɯ ɰɟɪɤɨɜ ɧɚ ɬɟɪɢɬɨɪɿʀ ɉɪɢɞɧɿɩɪɨɜɫɶɤɨɝɨ ɪɟɝɿɨɧɭ ȼ. І. 

Ȼɨɥɶɲɚɤɨɜ ɧɟɨɞɧɨɪɚɡɨɜɨ ɧɚɝɨɪɨɞɠɟɧɢɣ, ɡɨɤɪɟɦɚ, ɨɪɞɟɧɨɦ ɪɿɜɧɨɚɩɨɫɬɨɥɶɧɨɝɨ ɤɧɹɡɹ 

ȼɨɥɨɞɢɦɢɪɚ І ɫɬɭɩɟɧɹ ɍɤɪɚʀɧɫɶɤɨʀ ɉɪɚɜɨɫɥɚɜɧɨʀ ɐɟɪɤɜɢ, ɫɜɹɬɨɝɨ Ⱦɦɢɬɪɚ ɋɨɥɭɧɫɶɤɨɝɨ ІV 

ɫɬɭɩɟɧɹ ɬɚ ɛɚɝɚɬɨ ɿɧɲɢɯ. 

Ⱦɪɭɡɿ ɣ ɤɨɥɟɝɢ ȼɨɥɨɞɢɦɢɪɚ Іɜɚɧɨɜɢɱɚ ɜɿɞɦɿɱɚɸɬɶ ɞɢɜɨɜɢɠɧɨ ɲɢɪɨɤɟ ɤɨɥɨ ɣɨɝɨ 

ɿɧɬɟɪɟɫɿɜ. ȼɿɧ ɥɸɛɢɬɶ ɿ ɡɧɚє ɜɿɬɱɢɡɧɹɧɭ ɬɚ ɡɚɪɭɛɿɠɧɭ ɥɿɬɟɪɚɬɭɪɭ, ɰɿɤɚɜɢɬɶɫɹ ɠɢɜɨɩɢɫɨɦ, 

ɡɚɣɦɚєɬɶɫɹ ɧɭɦɿɡɦɚɬɢɤɨɸ, ɤɨɥɟɤɰɿɨɧɭє ɩɨɲɬɨɜɿ ɦɚɪɤɢ. Ɂɚ ɫɥɨɜɚɦɢ ɫɚɦɨɝɨ ȼɨɥɨɞɢɦɢɪɚ 

Іɜɚɧɨɜɢɱɚ, ɣɨɝɨ ɮɿɥɚɬɟɥɿɫɬɢɱɧɚ ɤɨɥɟɤɰɿɹ ɦɨɠɟ ɩɨɡɦɚɝɚɬɢɫɹ ɡ ɤɨɥɟɤɰɿɹɦɢ ɤɨɪɨɥɿɜɫɶɤɢɯ ɞɨɦɿɜ 

Єɜɪɨɩɢ. 

Ⱦɨ ɫɜɨɝɨ 70-ɥɿɬɬɹ ȼɨɥɨɞɢɦɢɪ Іɜɚɧɨɜɢɱ Ȼɨɥɶɲɚɤɨɜ ɧɚɛɥɢɠɚєɬɶɫɹ ɜ ɨɡɛɪɨєɧɧɿ ɧɚɭɤɨɜɨɝɨ, 

ɬɜɨɪɱɨɝɨ, ɠɢɬɬєɜɨɝɨ, ɝɪɨɦɚɞɫɶɤɨɝɨ ɞɨɫɜɿɞɭ, ɬɚɥɚɧɬɭ ɧɟɨɪɞɢɧɚɪɧɨʀ ɥɟɤɬɨɪɫɶɤɨʀ ɦɚɣɫɬɟɪɧɨɫɬɿ 

ɣ ɚɡɚɪɬɧɨɝɨ ɫɩɿɥɤɭɜɚɧɧɹ ɡ ɥɸɞɢɧɨɸ ɛɭɞɶ-ɹɤɨɝɨ ɜɿɤɭ. ȼɢɬɨɧɱɟɧɟ, ɞɿɤɤɟɧɫɿɜɫɶɤɟ ɩɨɱɭɬɬɹ 

ɝɭɦɨɪɭ ɞɨɩɨɦɚɝɚє ɡɚɥɢɲɚɬɢɫɹ ɨɩɬɢɦɿɫɬɨɦ ɭ ɜɫɶɨɦɭ, ɡɚɥɢɲɚɬɢɫɹ Ʌɸɞɢɧɨɸ, ɹɤɚ ɧɿɤɨɥɢ ɧɟ 

ɡɞɚєɬɶɫɹ, ɧɟ ɜɢɡɧɚє ɝɥɭɯɢɯ ɤɭɬɿɜ, ɭ ɛɭɞɶ-ɹɤɢɯ ɫɢɬɭɚɰɿɹɯ ɲɭɤɚє ɿ ɡɧɚɯɨɞɢɬɶ ɩɨɡɢɬɢɜɧɿ 

ɦɨɦɟɧɬɢ. 

ɒɚɧɨɜɧɢɣ ȼɨɥɨɞɢɦɢɪɟ ȱɜɚɧɨɜɢɱɭ! 

ɓɢɪɨ ɜɿɬɚєɦɨ ȼɚɫ ɿɡ ɸɜɿɥɟєɦ ɿ ɛɚɠɚєɦɨ ȼɚɦ ɡɚɜɠɞɢ ɩɟɪɟɠɢɜɚɬɢ ɩɨɱɭɬɬɹ ɡɚɞɨɜɨɥɟɧɧɹ, 

ɪɚɞɨɫɬɿ ɿ ɳɚɫɬɹ! ɇɟɯɚɣ ȼɚɲ ɿɧɬɟɪɟɫ ɞɨ ɧɚɭɤɢ ɡ ɪɨɤɚɦɢ ɬɿɥɶɤɢ ɩɨɝɥɢɛɥɸєɬɶɫɹ ɬɚ ɜɫɟ ɛɿɥɶɲɟ 

ɩɨɲɢɪɸєɬɶɫɹ ɫɟɪɟɞ ɦɨɥɨɞɨɝɨ ɩɨɤɨɥɿɧɧɹ ȼɚɲɢɯ ɭɱɧɿɜ, ɚ ɩɪɚɰɟɥɸɛɧɿɫɬɶ ɠɢɜɢɬɶɫɹ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ȼɚɲɢɯ ɱɢɫɥɟɧɧɢɯ ɞɨɛɪɢɯ ɫɩɪɚɜ. ɇɟɯɚɣ ɦɿɰɧɟ ɡɞɨɪɨɜ’ɹ ɫɩɨɧɭɤɚє ɞɨ ɧɨɜɢɯ 

ɧɚɭɤɨɜɢɯ ɡɜɟɪɲɟɧɶ, ɳɨ, ɹɤ ɿ ɜɫɿ ɩɨɩɟɪɟɞɧɿ, ɛɭɞɭɬɶ ɩɪɢɫɜɹɱɟɧɿ ɥɸɞɹɦ, ɤɨɥɟɤɬɢɜɭ ɧɚɲɨʀ 

ɚɤɚɞɟɦɿʀ ɬɚ ɪɿɞɧɨɦɭ ɦɿɫɬɭ! 

Ȼɚɠɚєɦɨ ȼɚɦ ɠɢɬɬєɜɨʀ ɝɚɪɦɨɧɿʀ ɬɚ Ƚɨɫɩɨɞɧɶɨɝɨ Ȼɥɚɝɨɫɥɨɜɿɧɧɹ! 

 

Ɋɟɞɚɤɰɿɣɧɚ ɤɨɥɟɝɿɹ 
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ɊȿɄɌɈɊ — ɇɈȼȺɌɈɊ 

ȼɥɚɞɢɦɢɪɭ ɂɜɚɧɨɜɢɱɭ Ȼɨɥɶɲɚɤɨɜɭ — 70 ɥɟɬ! Ȼɨɥɟɟ ɩɹɬɢɞɟɫɹɬɢ ɢɡ ɧɢɯ ɡɧɚɸ 
ɸɛɢɥɹɪɚ — ɤɚɤ ɫɬɭɞɟɧɬɚ — «ɨɞɧɨɤɚɲɧɢɤɚ» ɩɨ ɭɱɟɛɟ ɜ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɦ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ 
ɢɧɫɬɢɬɭɬɟ ɜ ɝɪɭɩɩɟ ɦɟɬɚɥɥɨɜɟɞɨɜ-ɬɟɪɦɢɫɬɨɜ «ɆɌ – 64», ɚɤɬɢɜɧɨɝɨ ɭɱɚɫɬɧɢɤɚ ɫɬɭɞɟɧɱɟɫɤɨɝɨ 
ɧɚɭɱɧɨɝɨ ɨɛɳɟɫɬɜɚ (ɋɇɈ), ɬɚɥɚɧɬɥɢɜɨɝɨ ɦɨɥɨɞɨɝɨ ɭɱɟɧɨɝɨ, ɨɛɭɱɚɜɲɟɝɨɫɹ ɜ ɚɫɩɢɪɚɧɬɭɪɟ ɜ 
Ɇɨɫɤɜɟ, ɩɪɨɲɟɞɲɟɝɨ ɧɚɭɱɧɭɸ ɫɬɚɠɢɪɨɜɤɭ ɜ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ, ɩɪɟɞɫɟɞɚɬɟɥɹ ɋɨɜɟɬɚ ɦɨɥɨɞɵɯ 
ɭɱɟɧɵɯ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ… Ɉɛɨ ɜɫɟɯ ɷɬɢɯ ɜɟɯɚɯ ɟɝɨ ɬɜɨɪɱɟɫɤɨɣ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨ ɩɟɪɜɵɯ ɲɚɝɚɯ ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜɚ ɤɚɤ ɪɟɤɬɨɪɚ Ⱦɂɋɂ ɹ ɢɦɟɥ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɫɤɚɡɚɬɶ ɜ ɫɬɚɬɶɹɯ, ɩɨɦɟɳɟɧɧɵɯ ɜ ɤɧɢɝɚɯ, ɜɵɲɟɞɲɢɯ ɤ 100-ɥɟɬɢɸ ɫɨ ɞɧɹ 
ɪɨɠɞɟɧɢɹ ɚɤɚɞɟɦɢɤɚ Ʉ. Ɏ. ɋɬɚɪɨɞɭɛɨɜɚ (2004) ɢ ɤ 60-ɥɟɬɢɸ ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜɚ (2006). 

ɂ ɜɨɬ — ɨɱɟɪɟɞɧɨɣ ɸɛɢɥɟɣ ɦɨɟɝɨ ɫɨɬɨɜɚɪɢɳɚ! ȼ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɹ ɢɦɟɥ 
ɫɱɚɫɬɥɢɜɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɬɟɫɧɨɝɨ ɨɛɳɟɧɢɹ ɫ ɧɢɦ ɢ ɨɡɧɚɤɨɦɥɟɧɢɹ ɫ ɟɝɨ ɪɟɤɬɨɪɫɤɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɶɸ. ɇɚ ɦɨɣ ɜɡɝɥɹɞ, ɝɥɚɜɧɨɟ ɜ ɪɚɛɨɬɟ ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜɚ ɧɚ ɷɬɨɦ ɩɨɩɪɢɳɟ — 

ɧɨɜɚɬɨɪɫɬɜɨ ɢ ɩɪɚɜɢɥɶɧɚɹ ɤɚɞɪɨɜɚɹ ɩɨɥɢɬɢɤɚ. Ɉɧ ɩɨɫɬɨɹɧɧɨ ɫɥɟɞɢɬ ɡɚ ɩɟɪɟɞɨɜɵɦɢ 
ɧɚɪɚɛɨɬɤɚɦɢ ɜ ɫɮɟɪɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɚɧɚɥɢɡɢɪɭɟɬ, ɨɛɨɛɳɚɟɬ ɢɯ ɢ ɩɪɢɦɟɧɹɟɬ ɜ ɫɜɨɟɣ 
ɚɤɚɞɟɦɢɢ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɪɟɤɬɨɪ ɫɭɦɟɥ ɩɨɞɨɛɪɚɬɶ, ɫɞɟɥɚɬɶ ɩɪɚɜɢɥɶɧɭɸ ɪɚɫɫɬɚɧɨɜɤɭ ɢ 
ɨɪɝɚɧɢɡɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɛɨɬɭ ɪɭɤɨɜɨɞɹɳɟɝɨ ɫɨɫɬɚɜɚ ɚɤɚɞɟɦɢɢ. ɏɨɪɨɲɨ ɡɧɚɸ ɦɧɨɝɢɯ 
ɤɨɥɥɟɝ ɢɡ «ɛɨɥɶɲɚɤɨɜɫɤɨɣ ɤɨɦɚɧɞɵ»: ɩɪɨɪɟɤɬɨɪɨɜ, ɞɟɤɚɧɨɜ, ɡɚɜɟɞɭɸɳɢɯ ɤɚɮɟɞɪɚɦɢ, 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɫɥɭɠɛ. Ɂɧɚɤɨɦ ɫɨ ɦɧɨɝɢɦɢ ɪɭɤɨɜɨɞɹɳɢɦɢ ɤɚɞɪɚɦɢ ɞɪɭɝɢɯ ɜɭɡɨɜ ɝɨɪɨɞɚ. 
Ɉɛɴɟɤɬɢɜɧɨ ɯɨɱɭ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɭɤɨɜɨɞɹɳɢɣ ɲɬɚɛ ɉȽȺɋȺ – ɜɨ ɦɧɨɝɨɦ ɥɭɱɲɢɣ ɫɪɟɞɢ 
ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ ɝɨɪɨɞɚ. Ⱥ ɞɟɹɬɟɥɶɧɨɫɬɶ «ɬɪɢɭɦɜɢɪɚɬɚ — ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜ + 
Ⱥ. ɉ. ɉɪɢɯɨɞɶɤɨ + Ɉ. ȼ. ɓɟɪɛɚɤɨɜɚ» – ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɷɬɚɥɨɧɨɦ ɜ ɪɭɤɨɜɨɞɫɬɜɟ ɜɵɫɲɢɦ 
ɭɱɟɛɧɵɦ ɡɚɜɟɞɟɧɢɟɦ. 

Ɉɞɧɨɣ ɢɡ ɯɚɪɚɤɬɟɪɧɵɯ ɱɟɪɬ ɪɭɤɨɜɨɞɹɳɟɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɪɟɤɬɨɪɚ ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜɚ 
ɹɜɥɹɟɬɫɹ ɟɝɨ ɬɪɟɛɨɜɚɧɢɟ ɤ ɩɪɟɩɨɞɚɜɚɬɟɥɶɫɤɨɦɭ ɫɨɫɬɚɜɭ ɢ ɧɚɭɱɧɵɦ ɪɚɛɨɬɧɢɤɚɦ ɚɤɚɞɟɦɢɢ 
ɩɨɫɬɨɹɧɧɨ ɡɚɧɢɦɚɬɶɫɹ ɫɜɨɢɦ ɧɚɭɱɧɵɦ ɪɨɫɬɨɦ, ɩɨɞɝɨɬɨɜɤɨɣ ɢ ɡɚɳɢɬɨɣ ɞɢɫɫɟɪɬɚɰɢɣ, 
ɧɚɩɢɫɚɧɢɟɦ ɢ ɩɭɛɥɢɤɚɰɢɟɣ ɤɧɢɝ ɢ ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ. ɉɪɢɱɟɦ ɪɟɚɥɶɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɬɨɝɨ 
ɬɪɟɛɨɜɚɧɢɹ ɨɧ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɥɢɱɧɵɦ ɩɪɢɦɟɪɨɦ. ȼ ɧɚɭɤɨɜɟɞɱɟɫɤɢɯ ɪɚɛɨɬɚɯ ɦɨɠɧɨ 
ɜɫɬɪɟɬɢɬɶ ɫɜɟɞɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɡɚ ɩɟɪɢɨɞ ɧɚɭɱɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤɚɧɞɢɞɚɬɵ ɧɚɭɤ, ɞɨɰɟɧɬɵ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɦɨɝɭɬ ɢɦɟɬɶ ɞɨ 200–300 ɩɭɛɥɢɤɚɰɢɣ, ɞɨɤɬɨɪɚ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪɚ — ɞɨ 500–600. Ⱥ ɜɨɬ 
ɱɢɫɥɨ ɚɜɬɨɪɫɤɢɯ ɢ ɫɨɚɜɬɨɪɫɤɢɯ ɩɭɛɥɢɤɚɰɢɣ ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜɚ ɩɟɪɟɜɚɥɢɥɨ ɡɚ 1 270! 

ɋɬɚɜ ɪɟɤɬɨɪɨɦ Ⱦɂɋɂ, ȼɥɚɞɢɦɢɪ ɂɜɚɧɨɜɢɱ ɛɭɤɜɚɥɶɧɨ ɡɚɫɬɚɜɢɥ ɦɧɨɝɢɯ ɫɨɬɪɭɞɧɢɤɨɜ 
ɚɤɚɞɟɦɢɢ ɚɤɬɢɜɢɡɢɪɨɜɚɬɶ ɧɚɭɱɧɭɸ ɪɚɛɨɬɭ ɢ ɡɚɳɢɬɢɬɶ ɞɨɤɬɨɪɫɤɢɟ ɢ ɤɚɧɞɢɞɚɬɫɤɢɟ 
ɞɢɫɫɟɪɬɚɰɢɢ. Ɉɧ ɥɢɱɧɨ ɩɨɞɝɨɬɨɜɢɥ 13 ɞɨɤɬɨɪɨɜ ɢ 25 ɤɚɧɞɢɞɚɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ. Ɂɚ 
ɩɟɪɢɨɞ ɟɝɨ ɪɟɤɬɨɪɫɬɜɚ ɜ ɚɤɚɞɟɦɢɢ ɩɨɞɝɨɬɨɜɥɟɧɵ 81 ɞɨɤɬɨɪ ɢ 404 ɤɚɧɞɢɞɚɬɚ ɧɚɭɤ. 

ɉɨɪɚɠɚɟɬ ɲɢɪɨɬɚ ɢ ɦɧɨɝɨɝɪɚɧɧɨɫɬɶ ɠɢɡɧɟɧɧɵɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚɭɱɧɵɯ ɢɧɬɟɪɟɫɨɜ ɢ 
ɩɨɡɧɚɧɢɣ ɪɟɤɬɨɪɚ. Ɉɧ ɧɟ ɬɨɥɶɤɨ ɜɫɟɝɞɚ ɢɧɬɟɪɟɫɭɟɬɫɹ ɧɨɜɵɦɢ ɩɭɛɥɢɤɚɰɢɹɦɢ ɜ ɨɛɥɚɫɬɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɧɨ ɢ ɡɧɚɟɬ ɧɨɜɟɣɲɢɟ ɢɡɞɚɧɢɹ ɩɨ ɷɤɨɧɨɦɢɤɟ, ɭɩɪɚɜɥɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, 
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ɢɫɬɨɪɢɢ ɢ ɩɨɥɢɬɢɤɟ, ɹɜɥɹɟɬɫɹ ɡɧɚɬɨɤɨɦ ɧɨɜɢɧɨɤ ɯɭɞɨɠɟɫɬɜɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ. Ɂɚɱɚɫɬɭɸ 
ɧɨɜɢɧɤɢ ɥɢɬɟɪɚɬɭɪɵ ɩɪɢɨɛɪɟɬɚɟɬ ɥɢɱɧɨ ɢ ɡɚ «ɫɜɨɣ ɤɨɲɬ». ɍɱɟɧɵɣ ɪɚɫɩɨɥɚɝɚɟɬ ɨɝɪɨɦɧɨɣ 
ɥɢɱɧɨɣ ɛɢɛɥɢɨɬɟɤɨɣ, ɤɨɥɥɟɤɰɢɹɦɢ ɪɟɞɱɚɣɲɢɯ ɦɚɪɨɤ, ɨɬɤɪɵɬɨɤ, ɦɨɧɟɬ… 

ɉɪɢɫɭɳɚɹ ȼɥɚɞɢɦɢɪɭ ɂɜɚɧɨɜɢɱɭ ɱɟɪɬɚ – ɷɬɨ ɛɥɚɝɨɝɨɜɟɣɧɨɟ ɨɬɧɨɲɟɧɢɟ ɤ ɢɫɬɨɪɢɢ 
ɜɨɨɛɳɟ: ɢɫɬɨɪɢɢ ɫɬɪɚɧɵ, ɪɨɞɧɨɝɨ ɤɪɚɹ, ɫɟɦɶɢ, ɪɨɞɧɨɝɨ ɜɭɡɚ, ɫɩɟɰɢɚɥɶɧɨɫɬɢ… Ɉɱɟɜɢɞɧɨ, ɷɬɢ 
ɤɚɱɟɫɬɜɚ ɩɪɢɜɢɬɵ ɟɦɭ ɝɟɧɟɬɢɱɟɫɤɢ, ɜɨɫɩɢɬɚɧɵ ɜ ɧɟɦ ɪɨɞɢɬɟɥɹɦɢ ɢ ɬɚɤɢɦɢ ɜɵɞɚɸɳɢɦɢɫɹ 
ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɪɨɞɧɢ ɤɚɤ ɚɤɚɞɟɦɢɤ Ʉ. Ɏ. ɋɬɚɪɨɞɭɛɨɜ, ɜɫɟɦɢɪɧɨ ɢɡɜɟɫɬɧɵɣ ɭɱɟɧɵɣ ɜ 
ɨɛɥɚɫɬɢ ɦɟɬɚɥɥɨɜɟɞɟɧɢɹ ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ, ɢ Ⱥ.Ɏ. ɋɬɚɪɨɞɭɛɨɜ, ɬɚɥɚɧɬɥɢɜɟɣɲɢɣ 
ɤɪɚɟɜɟɞ, ɩɟɪɭ ɤɨɬɨɪɨɝɨ ɩɪɢɧɚɞɥɟɠɚɬ ɦɧɨɝɢɟ ɬɪɭɞɵ ɩɨ ɢɫɬɨɪɢɢ ȿɤɚɬɟɪɢɧɨɫɥɚɜɳɢɧɵ. 

ɉɨɷɬɨɦɭ ɧɟ ɫɥɭɱɚɣɧɚ ɬɹɝɚ ɪɟɤɬɨɪɚ ɤ ɨɫɜɟɳɟɧɢɸ ɢɫɬɨɪɢɢ Ⱦɂɋɂ – ɉȽȺɋȺ (ɜɵɲɥɨ ɜ 
ɫɜɟɬ ɭɠɟ ɧɟɫɤɨɥɶɤɨ ɤɧɢɝ ɩɨ ɷɬɨɣ ɬɟɦɚɬɢɤɟ), ɨɬɞɟɥɶɧɵɯ ɤɚɮɟɞɪ ɢ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ, 
ɭɜɟɤɨɜɟɱɟɧɢɸ ɩɚɦɹɬɢ ɜɢɞɧɵɯ ɭɱɟɧɵɯ (ɧɚɩɪɢɦɟɪ, «ɋɬɚɪɨɞɭɛɨɜɫɤɢɟ ɱɬɟɧɢɹ»), ɫɨɡɞɚɧɢɸ 
ɝɚɥɟɪɟɣ ɩɨɪɬɪɟɬɨɜ ɤɨɪɢɮɟɟɜ ɧɚɭɤɢ, ɨɫɧɨɜɚɬɟɥɟɣ ɧɚɭɱɧɵɯ ɲɤɨɥ ɚɤɚɞɟɦɢɢ. ȼɥɚɞɢɦɢɪ 
ɂɜɚɧɨɜɢɱ ɫɱɢɬɚɟɬ, ɱɬɨ ɤɚɠɞɨɟ ɩɢɫɶɦɟɧɧɨɟ ɨɫɜɟɳɟɧɢɟ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɧɚɭɱɧɨɝɨ ɢɥɢ ɧɚɭɱɧɨ-

ɩɨɩɭɥɹɪɧɨɝɨ ɫɨɛɵɬɢɹ ɞɨɥɠɧɨ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɢɥɥɸɫɬɪɚɰɢɹɦɢ, ɮɨɬɨɝɪɚɮɢɹɦɢ, 
ɩɨɞɬɜɟɪɠɞɚɸɳɢɦɢ ɟɝɨ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɢ ɞɨɤɭɦɟɧɬɚɥɶɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɜ ɤɧɢɝɚɯ, ɢɡɞɚɧɧɵɯ ɢɦ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɥɢ ɩɪɢ ɟɝɨ ɭɱɚɫɬɢɢ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɢɥɥɸɫɬɪɚɰɢɢ. 

ȼ ɪɭɤɨɜɨɞɫɬɜɟ ɉȽȺɋȺ ɪɟɤɬɨɪ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɫɜɹɡɹɦ 
ɚɤɚɞɟɦɢɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɬɨɬ ɭɱɚɫɬɨɤ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ 
ɝ. Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɚ ɚɤɬɢɜɢɡɢɪɨɜɚɥɫɹ ɩɨɫɥɟ ɨɬɦɟɧɵ ɜ 1989 ɝ. ɫɬɚɬɭɫɚ «ɡɚɤɪɵɬɨɝɨ ɝɨɪɨɞɚ», ɚ 
ɩɨɫɥɟ ɜɫɬɭɩɥɟɧɢɹ ɜɵɫɲɟɣ ɲɤɨɥɵ ɍɤɪɚɢɧɵ ɜ Ȼɨɥɨɧɫɤɭɸ ɫɢɫɬɟɦɭ (2005) ɦɟɠɞɭɧɚɪɨɞɧɨɟ 
ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɞɧɟɩɪɨɩɟɬɪɨɜɫɤɢɯ ɜɭɡɨɜ ɫ ɡɚɪɭɛɟɠɧɵɦɢ ɭɱɟɛɧɵɦɢ ɡɚɜɟɞɟɧɢɹɦɢ, ɇɂɂ ɢ 
ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɫɬɚɥɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɯ ɞɟɹɬɟɥɶɧɨɫɬɢ. ɉȽȺɋȺ ɨɬɧɨɫɢɬɫɹ ɤ 
ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɯ ɤɨɥɥɟɤɬɢɜɨɜ ɩɨ ɢɧɬɟɝɪɚɰɢɢ ɜ ɟɜɪɨɩɟɣɫɤɨɟ ɢ ɦɢɪɨɜɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɢ ɧɚɭɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɧɚ ɫɬɚɥɚ ɱɥɟɧɨɦ ȼɟɥɢɤɨɣ ɯɚɪɬɢɢ 
ɭɧɢɜɟɪɫɢɬɟɬɨɜ, ɜɯɨɞɢɬ ɜ ɱɢɫɥɨ ɫɟɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɚɫɫɨɰɢɚɰɢɣ ɫɬɪɨɢɬɟɥɟɣ ɢ ɢɧɠɟɧɟɪɧɵɯ 
ɜɭɡɨɜ. əɪɤɢɦ ɩɪɢɦɟɪɨɦ ɭɤɚɡɚɧɧɨɣ ɢɧɬɟɝɪɚɰɢɢ ɫɬɚɥɨ ɭɱɚɫɬɢɟ ɉȽȺɋȺ ɢ ɇɆɟɬȺɍ ɜ 
ɫɨɜɦɟɫɬɧɵɯ ɟɜɪɨɩɟɣɫɤɢɯ ɩɪɨɟɤɬɚɯ ɩɨ ɩɪɨɝɪɚɦɦɟ «TEMPUS» ɢ «FP 7». Ɉɫɨɛɟɧɧɨ 
ɩɥɨɞɨɬɜɨɪɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɢ ɧɚɭɱɧɨɟ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɚɤɚɞɟɦɢɢ ɫ ɤɨɥɥɟɝɚɦɢ 
ɢɡ Ɏɪɚɧɰɢɢ ɢ Ƚɟɪɦɚɧɢɢ. ɇɚɩɪɢɦɟɪ, ɜ 2014 – 2015 ɭɱɟɛɧɨɦ ɝɨɞɭ ɜ ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ 
ɡɚɜɟɞɟɧɢɹɯ ɢ ɧɚɭɱɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ Ɏɪɚɧɰɢɢ ɩɨ ɜɡɚɢɦɨɨɛɦɟɧɭ ɩɨɛɵɜɚɥɨ 200 ɫɬɭɞɟɧɬɨɜ ɢ 
ɫɨɬɪɭɞɧɢɤɨɜ ɉȽȺɋȺ, ɚ ɜ Ƚɟɪɦɚɧɢɢ — 35. 

Ɉɝɪɨɦɧɭɸ ɩɨɞɜɢɠɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ ɜ ɨɛɥɚɫɬɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɜɭɡɨɜɫɤɨɣ 
ɧɚɭɤɢ ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜ ɩɪɨɜɨɞɢɬ ɤɚɤ ɪɭɤɨɜɨɞɢɬɟɥɶ ɉɪɢɞɧɟɩɪɨɜɫɤɨɝɨ ɰɟɧɬɪɚ 
Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ (ɉɐ ɆɂȺ). 

ɐɟɧɬɪ ɫɨɡɞɚɧ ɜ 1992 ɝɨɞɭ. ɉɟɪɜɵɦ ɟɝɨ ɩɪɟɞɫɟɞɚɬɟɥɟɦ ɫɬɚɥ ɋɬɚɧɢɫɥɚɜ ɇɢɤɨɥɚɟɜɢɱ 
Ʉɨɧɸɯɨɜ – ɜɢɞɧɵɣ ɭɱɟɧɵɣ ɢ ɤɨɧɫɬɪɭɤɬɨɪ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ, ɜɨɡɝɥɚɜɥɹɜɲɢɣ ɄȻ 
«ɘɠɧɨɟ». ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜ ɛɵɥ ɡɚɦɟɫɬɢɬɟɥɟɦ ɩɪɟɞɫɟɞɚɬɟɥɹ, ɚ ɫ 2011 ɝɨɞɚ ɜɨɡɝɥɚɜɥɹɟɬ 
ɉɐ ɆɂȺ. ȼ ɐɟɧɬɪɟ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɫɥɟɞɭɸɳɢɟ ɫɟɤɰɢɢ: ɚɪɯɢɬɟɤɬɭɪɧɚɹ, ɚɷɪɨɤɨɫɦɢɱɟɫɤɚɹ, 
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ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ, ɫɬɪɨɢɬɟɥɶɧɚɹ, ɦɟɞɢɰɢɧɫɤɚɹ, ɫɟɤɰɢɹ ɢɫɬɨɪɢɢ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ, ɫɟɤɰɢɹ 
ɩɨɞɝɨɬɨɜɤɢ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɧɚɭɱɧɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɢɯ ɤɚɞɪɨɜ. ȼ ɫɨɫɬɚɜɟ ɰɟɧɬɪɚ 
162 ɭɱɟɧɵɯ, ɢɡ ɧɢɯ: 37 ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɥɟɧɨɜ (ɚɤɚɞɟɦɢɤɨɜ) ɆɂȺ; 47 — ɱɥɟɧɨɜ-

ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɜ; 78 – ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɫɨɜɟɬɧɢɤɨɜ. Ƚɥɚɜɧɚɹ ɰɟɥɶ ɉɐ ɆɂȺ — ɫɨɞɟɣɫɬɜɢɟ 
ɭɤɪɟɩɥɟɧɢɸ ɢɧɠɟɧɟɪɧɨɝɨ ɢ ɧɚɭɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɫɬɪɚɧɵ, ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɪɨɫɬɚ ɷɤɨɧɨɦɢɤɢ ɧɚ ɛɚɡɟ ɭɫɤɨɪɟɧɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ, 
ɭɥɭɱɲɟɧɢɹ ɛɥɚɝɨɫɨɫɬɨɹɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɫɨɰɢɚɥɶɧɨɣ ɠɢɡɧɢ ɥɸɞɟɣ. 

ȼ ɫɟɤɰɢɹɯ ɐɟɧɬɪɚ ɪɚɛɨɬɚɸɬ ɢɡɜɟɫɬɧɵɟ ɭɱɟɧɵɟ ɪɟɝɢɨɧɚ, ɨɛɳɟɫɬɜɟɧɧɵɟ ɞɟɹɬɟɥɢ, 
ɪɭɤɨɜɨɞɢɬɟɥɢ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɜɟɞɭɳɢɯ ɤɨɦɩɚɧɢɣ. ȼ ɉɪɢɞɧɟɩɪɨɜɫɤɨɦ ɰɟɧɬɪɟ ɪɚɛɨɬɚɸɬ 
ɛɨɥɶɲɟ 20 ɚɤɚɞɟɦɢɤɨɜ ɢ ɱɥɟɧɨɜ-ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɜ ɨɬɪɚɫɥɟɜɵɯ ɚɤɚɞɟɦɢɣ. 

ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɬɟɦ ɪɭɤɨɜɨɞɢɬɟɥɹɦ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɜɫɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɡɚɤɨɧɧɵɟ ɩɭɬɢ ɩɨɜɵɲɟɧɢɹ ɛɥɚɝɨɫɨɫɬɨɹɧɢɹ ɫɜɨɢɯ ɫɨɬɪɭɞɧɢɤɨɜ. Ⱦɚɠɟ ɩɪɢ 
ɡɧɚɱɢɬɟɥɶɧɨɦ ɫɨɤɪɚɳɟɧɢɢ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɜɵɫɲɟɣ ɲɤɨɥɵ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɉȽȺɋȺ 
ɫɨɯɪɚɧɹɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɚɪɩɥɚɬɵ ɧɚɭɱɧɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɢɯ ɪɚɛɨɬɧɢɤɨɜ ɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 
ɩɟɪɫɨɧɚɥɚ, ɜɵɩɥɚɱɢɜɚɸɬɫɹ ɩɪɟɦɢɢ, ɞɨɩɥɚɬɵ ɡɚ ɭɱɚɫɬɢɟ ɜ ɝɨɫɛɸɞɠɟɬɧɵɯ ɢ ɯɨɡɞɨɝɨɜɨɪɧɵɯ 
ɇɂɊ. ɋ 2001 ɝɨɞɚ ɪɟɤɬɨɪɚɬ ɢ ɩɪɨɮɫɨɸɡɧɵɣ ɤɨɦɢɬɟɬ ɚɤɚɞɟɦɢɢ ɟɠɟɝɨɞɧɨ ɜ ɢɸɧɟ – ɚɜɝɭɫɬɟ 
ɨɪɝɚɧɢɡɨɜɵɜɚɟɬ ɨɡɞɨɪɨɜɥɟɧɢɟ ɫɬɭɞɟɧɬɨɜ ɢ ɫɨɬɪɭɞɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɞɨɝɨɜɨɪɚ ɫ ɉɪɢɦɨɪɫɤɨɣ 
ɛɚɡɨɣ ɨɬɞɵɯɚ «ɇɚɞɟɠɞɚ» ɧɚ Ⱥɡɨɜɫɤɨɦ ɦɨɪɟ. ɉɨɤɚɡɚɬɟɥɶɧɚ ɞɥɹ ɉȽȺɋȺ ɟɫɬɶ ɜɵɩɥɚɬɚ ɡɚɪɩɥɚɬ 
ɫɨɬɪɭɞɧɢɤɚɦ ɢ ɫɬɢɩɟɧɞɢɢ ɫɬɭɞɟɧɬɚɦ ɛɟɡ ɡɚɞɟɪɠɟɤ, ɞɟɧɶ ɜ ɞɟɧɶ. ɂ ɟɳɟ ɨɞɧɚ ɛɥɚɝɨɪɨɞɧɚɹ 
ɱɟɪɬɚ ȼ. ɂ. Ȼɨɥɶɲɚɤɨɜɚ — ɷɬɨ ɡɚɛɨɬɚ ɨ ɫɟɦɶɹɯ ɭɲɟɞɲɢɯ ɢɡ ɠɢɡɧɢ ɜɢɞɧɵɯ ɭɱɟɧɵɯ ɢ 
ɫɨɬɪɭɞɧɢɤɨɜ ɚɤɚɞɟɦɢɢ. Ɉɧ ɜɧɢɤɚɟɬ ɜ ɧɭɠɞɵ ɷɬɢɯ ɫɟɦɟɣ, ɩɨɦɨɝɚɟɬ ɜ ɪɟɲɟɧɢɢ ɜɨɡɧɢɤɚɸɳɢɯ 
ɬɪɭɞɧɨɫɬɟɣ ɢ ɩɪɨɛɥɟɦ. 

Ɍɚɤɨɜ ȼɥɚɞɢɦɢɪ ɂɜɚɧɨɜɢɱ Ȼɨɥɶɲɚɤɨɜ — ɑɟɥɨɜɟɤ, ɍɱɟɧɵɣ, Ɋɟɤɬɨɪ-ɧɨɜɚɬɨɪ! 

ȼ. Ɍ. Ȼɪɢɬɚɧ, ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  
ɢɫɬɨɪɢɢ ɢ ɭɤɪɚɢɧɨɜɟɞɟɧɢɹ ɇɆɟɬȺɍ, 
ɡɚɫɥɭɠɟɧɧɵɣ ɪɚɛɨɬɧɢɤ ɨɛɪɚɡɨɜɚɧɢɹ 

ɍɤɪɚɢɧɵ 
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16 

 

ȾɈɋɅȱȾɀȿɇɇə ɇȺɍɄɈȼɈȲ ɒɄɈɅɂ ɩɪɨɮɟɫɨɪɚ ȼ. ȱ. Ȼɨɥɶɲɚɤɨɜɚ 

(ɞɨ 70-ɪɿɱɱɹ ɜɿɞ ɞɧɹ ɧɚɪɨɞɠɟɧɧɹ) 
 

ɍȾɄ 621.311.25:681.518.5-022.532  

ɗɅȿɄɌɊɈɉɊɈȼɈȾəɓɂȿ ɇȺɇɈɄɈɆɉɈɁɂɌɕ ȾɅə ɋɂɋɌȿɆ  
ȾɂȺȽɇɈɋɌɂɄɂ ɌȿɏɇɂɑȿɋɄɈȽɈ ɋɈɋɌɈəɇɂə 

ȽȿɊɆȿɌɂɁɂɊɍɘɓɂɏ ɈȻɈɅɈɑȿɄ Ⱥɗɋ 

ȻɈɅɖɒȺɄɈȼ ȼ. ɂ.
1
., ɞ. ɬ. ɧ., ɩɪɨɮ., 

ɋȺȼɂɐɄɂɃ ɇ. ȼ. 2*
, ɞ. ɬ. ɧ., ɩɪɨɮ. 

1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ, 
ɬɟɥ. +38 (0562) 745-23-72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɤɚɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
e-mail: sav15@ukr.net, ORCID ID: 0000-0003-4515-2457 

Ⱥɧɧɨɬɚɰɢɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. Ƚɟɪɦɟɬɢɱɧɵɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɥɨɱɟɱɧɨɝɨ ɬɢɩɚ 
ɥɨɤɚɥɢɡɭɸɳɟɣ ɫɢɫɬɟɦɵ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɢ ɥɨɤɚɥɢɡɚɰɢɢ ɪɚɞɢɨɚɤɬɢɜɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɪɚɫɩɚɞɚ ɜ ɫɥɭɱɚɟ ɨɫɨɛɵɯ ɩɪɢɪɨɞɧɵɯ ɢɥɢ ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɷɧɟɪɝɨɛɥɨɤ, ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ 
ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɛɟɡɨɩɚɫɧɨɫɬɶ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɳɢɬɧɵɯ ɨɛɨɥɨɱɟɤ Ⱥɗɋ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ, ɤɚɤ ɩɟɪɜɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɢ. Цɟɥɶ 
ɫɬɚɬɶɢ — ɪɚɫɫɦɨɬɪɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɨɫɵɥɨɤ ɢ ɨɩɵɬɚ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ 
ɞɥɹ ɫɢɫɬɟɦ ɞɢɚɝɧɨɫɬɢɤɢ ɥɨɤɚɥɢɡɢɪɭɸɳɢɯ ɫɢɫɬɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ Ⱥɗɋ. Вɵɜɨɞɵ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦ ɞɢɚɝɧɨɫɬɢɤɢ ɥɨɤɚɥɢɡɢɪɭɸɳɢɯ ɫɢɫɬɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ Ⱥɗɋ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ (ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɛɟɬɨɧɵ — ɛɟɬɷɥɵ, ɲɬɭɤɚɬɭɪɧɵɟ ɪɚɫɬɜɨɪɵ, 
ɥɚɤɨɤɪɚɫɨɱɧɵɟ ɩɨɤɪɵɬɢɹ). Ɇɟɯɚɧɢɡɦ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɜɢɞɟ ɧɚɩɨɥɧɢɬɟɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰ. ȼ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɜ 
ɧɚɧɨɤɨɦɩɨɡɢɬɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɤ ɦɢɧɟɪɚɥɶɧɵɯ ɜɹɠɭɳɢɯ (ɰɟɦɟɧɬ), ɬɚɤ ɢ 
ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɛɟɡɨɩɚɫɧɨɫɬɶ ȺЭɋ, ɫɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɤɢ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɧɚɧɨɤɨɦɩɨɡɢɬɵ, 
ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɟ ɧɚɧɨɱɚɫɬɢɰɵ 

ȿɅȿɄɌɊɈɉɊɈȼȱȾɇȱ ɇȺɇɈɄɈɆɉɈɁɂɌɂ ȾɅə ɋɂɋɌȿɆ 

ȾȱȺȽɇɈɋɌɂɄɂ ɌȿɏɇȱɑɇɈȽɈ ɋɌȺɇɍ 

ȽȿɊɆȿɌɂɁɍɘɑɂɏ ɈȻɈɅɈɇɈɄ Ⱥȿɋ 
ȻɈɅɖɒȺɄɈȼ ȼ. І.1, ɞ. ɬ. ɧ., ɩɪɨɮ., 
ɋȺȼɂɐɖɄɂɃ Ɇ. ȼ. 2*

, ɞ. ɬ. ɧ., ɩɪɨɮ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 745-23-72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɡɚɥɿɡɨɛɟɬɨɧɧɢɯ ɬɚ ɤɚɦ’ɹɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ, e-mail: sav15@ukr.net, 

ORCID ID: 0000-0003-4515-2457 
 

Ⱥɧɨɬɚɰіɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ƚɟɪɦɟɬɢɱɧɿ ɡɚɥɿɡɨɛɟɬɨɧɧɿ ɤɨɧɫɬɪɭɤɰɿʀ ɨɛɨɥɨɧɤɨɜɨɝɨ ɬɢɩɭ ɥɨɤɚɥɿɡɭɸɱɨʀ 
ɫɢɫɬɟɦɢ ɛɟɡɩɟɤɢ, ɳɨ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɭɬɪɢɦɚɧɧɹ ɿ ɥɨɤɚɥɿɡɚɰɿʀ ɪɚɞɿɨɚɤɬɢɜɧɢɯ ɩɪɨɞɭɤɬɿɜ ɪɨɡɩɚɞɭ ɭ ɜɢɩɚɞɤɭ 
ɨɫɨɛɥɢɜɢɯ ɩɪɢɪɨɞɧɢɯ ɚɛɨ ɬɟɯɧɨɝɟɧɧɢɯ ɜɩɥɢɜɿɜ ɧɚ ɟɧɟɪɝɨɛɥɨɤ – ɰɟ ɨɞɧɿ ɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɤɨɦɩɨɧɟɧɬɿɜ, ɹɤɿ 
ɡɚɛɟɡɩɟɱɭɸɬɶ ɛɟɡɩɟɤɭ ɚɬɨɦɧɨʀ ɟɥɟɤɬɪɨɫɬɚɧɰɿʀ. Ⱦɥɹ ɪɨɡɪɨɛɤɢ ɫɢɫɬɟɦɢ ɦɨɧɿɬɨɪɢɧɝɭ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɡɚɯɢɫɧɢɯ 
ɨɛɨɥɨɧɨɤ Ⱥȿɋ ɩɟɪɫɩɟɤɬɢɜɧɢɦ ɧɚɩɪɹɦɨɦ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɿɜ ɹɤ 
ɩɟɪɜɢɧɧɢɯ ɟɥɟɦɟɧɬɿɜ ɿɧɮɨɪɦɚɰɿʀ. Ɇɟɬɚ ɫɬɚɬɬɿ — ɪɨɡɝɥɹɞ ɬɟɨɪɟɬɢɱɧɢɯ ɩɢɬɚɧɶ ɿ ɞɨɫɜɿɞɭ ɫɬɜɨɪɟɧɧɹ 
ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɿɜ ɞɥɹ ɫɢɫɬɟɦ ɞɿɚɝɧɨɫɬɢɤɢ ɥɨɤɚɥɿɡɭɸɱɢɯ ɫɢɫɬɟɦ ɛɟɡɩɟɤɢ ȺEɋ. Вɢɫɧɨɜɤɢ. 
ɉɟɪɫɩɟɤɬɢɜɧɢɦ ɧɚɩɪɹɦɨɦ ɞɥɹ ɪɨɡɪɨɛɤɢ ɫɢɫɬɟɦ ɞɿɚɝɧɨɫɬɢɤɢ ɛɟɡɩɟɤɢ ȺEɋ є ɜɢɤɨɪɢɫɬɚɧɧɹ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɢɯ 
ɧɚɧɨɤɨɦɩɨɡɢɬɿɜ (ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿ ɛɟɬɨɧɢ – ɛɟɬɟɥɢ, ɲɬɭɤɚɬɭɪɧɿ ɪɨɡɱɢɧɢ, ɥɚɤɨɮɚɪɛɨɜɿ ɩɨɤɪɢɬɬɹ). Ɇɟɯɚɧɿɡɦ 
ɫɬɜɨɪɟɧɧɹ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɿɜ ɩɨɥɹɝɚє ɭ ɜɢɤɨɪɢɫɬɚɧɿ ɹɤ ɧɚɩɨɜɧɸɜɚɱɚ ɦɟɬɚɥɟɜɢɯ ɬɚ ɜɭɝɥɟɰɟɜɦɿɫɧɿ 
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ɧɚɧɨɱɚɫɬɢɧɨɤ. ȼ ɹɤɨɫɬɿ ɜ’ɹɠɭɱɨɝɨ ɭ ɧɚɧɨɤɨɦɩɨɡɢɬɚɯ ɜɛɚɱɚєɬɶɫɹ ɩɟɪɫɩɟɤɬɢɜɧɢɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɹɤ ɦɿɧɟɪɚɥɶɧɢɯ 
ɜ’ɹɠɭɱɢɯ (ɰɟɦɟɧɬɭ), ɬɚɤ ɿ ɪɿɞɤɨɝɨ ɫɤɥɚ.  

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɛɟɡɩɟɤɚ Ⱥȿɋ, ɫɢɫɬɟɦɢ ɞɿɚɝɧɨɫɬɢɤɢ, ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɿ ɧɚɧɨɤɨɦɩɨɡɢɬɢ, ɜɭɝɥɟɰɶɦɿɫɬɤɿ  
ɧɚɧɨɱɚɫɬɢɧɤɢ 

ELECTRICALLY CONDUCTIVE OF NANOCOMPOSITES  

FOR SYSTEMS DIAGNOSTICS OF THE ENVELOPE WALLS  

TECHNICAL CONDITION OF NPP 
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1
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, Dr. Sc. (Tech.), Prof. 
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Summary. Raising of the problem. Enveloped concrete wall type structures of localizing safety systems for 

restaint and localization of radioactive decay products or in the case of special natural or man-made impacts on the 

power unit is one of the most important components to ensure the safety of nuclear power. The promising direction for 

the development of the NPP technical system monitoring is to use conductive nanocomposites as primary elements of 

information. The purpose of the article is to review the theoretical background and experience in the conductive 

nanocomposites creating for diagnostics of localizing nuclear safety systems. Conclusions. A promising area for the 

development of diagnostic systems of localizing nuclear safety systems is the use of electrically conductive 

nanocomposites (conductive concrete - bethels, plasters, paint coatings). A mechanism for conductive nanocomposites 

creating is the use of the filler metal and carbon nanoparticles. As binders is promising to use nanocomposites of the 

mineral binders (cement) and water glass. 

Keywords: safety of NPPs, diagnostic systems, electrically conductive nanocomposites, carbon nanoparticles 

 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. 
Ⱥɬɨɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɧɚ ɤɨɬɨɪɵɯ 

ɭɫɬɚɧɨɜɥɟɧɵ ɷɧɟɪɝɨɛɥɨɤɢ ɬɢɩɚ ȼȼɗɊ-1000 

ɫ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɥɨɤɚɥɢɡɭɸɳɟɣ ɫɢɫɬɟɦɨɣ 

 

ɛɟɡɨɩɚɫɧɨɫɬɢ (ɅɋȻ), ɹɜɥɹɸɬɫɹ ɤɥɸɱɟɜɵɦ 
ɤɨɦɩɨɧɟɧɬɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢɧɞɭɫɬɪɢɢ 
ɍɤɪɚɢɧɵ (ɪɢɫ.1–3) [1–8]. 

 

Ɋɢɫ. 1. Эɧɟɪɝɨɝɟɧɟɪɢɪɭɸɳɢɟ ɫɬɚɧɰɢɢ ɜ ɍɤɪɚɢɧɟ. 

mailto:sav15@ukr.net
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Ɋɢɫ. 2. Ⱦɟɣɫɬɜɭɸɳɢɟ ȺЭɋ ɍɤɪɚɢɧɵ 

 

 
Ɋɢɫ. 3. Ɉɛɳɢɣ ɜɢɞ ɧɚ Ɂɚɩɨɪɨɠɫɤɭɸ ȺЭɋ ɫ ɷɧɟɪɝɨɛɥɨɤɚɦɢ ȼȼЭɊ-1000 

 

ɉɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 2014 ɝɨɞ ɜɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɭɤɪɚɢɧɫɤɢɦɢ ɷɥɟɤɬɪɨɫɬɚɧ-

ɰɢɹɦɢ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 200 ɦɥɪɞ ɤȼɬ·ɱ, ɢɡ 
ɧɢɯ Ⱥɗɋ — 50% ɨɬ ɨɛɳɟɧɚɰɢɨɧɚɥɶɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (ɬɚɛɥ. 1). 

ɋɬɪɨɢɬɟɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ Ⱥɗɋ 
ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɛɟɡɨɩɚɫ-

ɧɨɫɬɶ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɉɬɞɟɥɶɧɵɦ 
ɩɪɟɞɦɟɬɨɦ ɪɚɫɫɦɨɬɪɟɧɢɹ ɹɜɥɹɸɬɫɹ 
ɤɨɧɫɬɪɭɤɰɢɢ ɥɨɤɚɥɢɡɭɸɳɟɣ ɫɢɫɬɟɦɵ 

ɛɟɡɨɩɚɫɧɨɫɬɢ Ⱥɗɋ — ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɝɟɪɦɟɬɢɱɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɥɨɱɟɱɧɨɝɨ 
ɬɢɩɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɢ 
ɥɨɤɚɥɢɡɚɰɢɢ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɩɪɨɞɭɤɬɨɜ 
ɪɚɫɩɚɞɚ ɜ ɫɥɭɱɚɟ ɨɫɨɛɵɯ ɩɪɢɪɨɞɧɵɯ ɢɥɢ 
ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɷɧɟɪɝɨɛɥɨɤ. 
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Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  1  

ɋɬɪɭɤɬɭɪɚ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɍɤɪɚɢɧɵ, % 

ɉɨɬɪɟɛɥɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ Ɍɢɩ ɗɋ 
ɍɫɬɚɧɨɜɥɟɧɧɵɟ 

ɦɨɳɧɨɫɬɢ 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɜ 

2014 ɝɨɞɭ 

ɉɪɢɪɨɞɧɵɣ ɝɚɡ 

ɍɝɨɥɶ ɢ ɬɨɪɮ 

ɇɟɮɬɶ, ɧɟɮɬɟɩɪɨɞɭɤɬɵ 

16  

8 

3 

Ɍɗɋ ɢ Ɍɗɐ 57,5 45 

Ⱥɬɨɦɧɚɹ ɷɧɟɪɝɢɹ 64 Ⱥɗɋ 29,6 50 

Ⱦɪɭɝɢɟ ɜɢɞɵ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ 0,5 

Ƚɗɋ ɢ ȽȺɗɋ 

ɋɨɥɧɟɱɧɵɟ ɗɋ 

ȼɟɬɪɹɧɵɟ ɗɋ 

12,4 

0,3 

0,2 

4 

0,5 

0,5 

 

Ƚɟɪɦɟɬɢɱɧɚɹ ɨɛɨɥɨɱɤɚ ɹɜɥɹɟɬɫɹ 
ɥɨɤɚɥɢɡɭɸɳɟɣ ɫɢɫɬɟɦɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɜɵɯɨɞɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɩɪɢ 
ɬɹɠɺɥɵɯ ɚɜɚɪɢɹɯ ɫ ɪɚɡɪɵɜɨɦ ɤɪɭɩɧɵɯ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɢ 
ɭɞɟɪɠɚɧɢɹ ɜ ɡɨɧɟ ɥɨɤɚɥɢɡɚɰɢɢ ɚɜɚɪɢɢ 
ɫɪɟɞɵ ɫ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɣ. Ɉɧɚ ɢɦɟɟɬ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ 
ɮɨɪɦɭ ɢ ɫɨɫɬɨɢɬ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɧɚɩɪɹɠɺɧɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ ɬɨɥɳɢɧɨɣ 1,2 
ɦɟɬɪɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɚɤ ɜ ɦɢɪɨɜɨɣ, ɬɚɤ 
ɢ ɜ ɧɚɰɢɨɧɚɥɶɧɨɣ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɨɬɪɚɫɥɢ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɚ 
ɩɪɨɞɥɟɧɢɹ ɫɪɨɤɚ ɞɟɣɫɬɜɢɹ ɥɢɰɟɧɡɢɣ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɷɧɟɪɝɨɛɥɨɤɨɜ, ɬɚɤ ɤɚɤ ɫɭɳɟ-
ɫɬɜɭɸɳɢɟ ɷɧɟɪɝɨɛɥɨɤɢ ɩɨɞɯɨɞɹɬ ɤ ɤɨɧɰɭ 
40-ɥɟɬɧɟɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɬɚɛɥ. 2). 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  2  

Ɉɛɳɢɟ ɞɚɧɧɵɟ ɨɛ ɷɧɟɪɝɨɛɥɨɤɚɯ ɬɢɩɚ ВВЭɊ -1000, ɩɨɫɬɪɨɟɧɧɵɯ ɜ ɍɤɪɚɢɧɟ 

ɗɧɟɪɝɨɛɥɨɤ 

Ɇɨɳɧɨɫɬɶ 
(Ɇȼɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ) ȼɜɨɞ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɋɪɨɤ 
ɫɥɭɠɛɵ 

ɮɚɤɬɢɱɟɫɤɚɹ ɧɨɦɢɧɚɥɶɧɚɹ 

ɏȺɗɋ-1ȼȼɗɊ-1000/ȼ320 950 1000 31.12.1987 28 

ɏȺɗɋ-2ȼȼɗɊ-1000/ȼ320 950 1000 07.08.2004 11 

ɏȺɗɋ-3ȼȼɗɊ-1000/ȼ320 950 1000 01.01.2015  

ɏȺɗɋ-4ȼȼɗɊ-1000/ȼ320 950 1000 01.01.2016  

ɊɨȺɗɋ-1ȼȼɗɊ-440/ȼ213 381 420 31.12.1980 35 

ɊɨȺɗɋ-2ȼȼɗɊ-440/ȼ213 376 415 30.12.1981 34 

ɊɨȺɗɋ-3ȼȼɗɊ-1000 950 1000 21.12.1986 29 

ɊɨȺɗɋ-4ȼȼɗɊ-1000/ȼ320 950 1000 10.10.2004 11 

ɘɍȺɗɋ-1ȼȼɗɊ-1000/ȼ302 950 1000 31.12.1982 33 

ɘɍȺɗɋ-2ȼȼɗɊ-1000/ȼ302 950 1000 06.01.1985 30 

ɘɍȺɗɋ-3ȼȼɗɊ-1000/ȼ320 950 1000 20.09.1989 26 

ɁȺɗɋ-1ȼȼɗɊ-1000/ȼ320 950 1000 10.12.1984 31 

ɁȺɗɋ-2ȼȼɗɊ-1000/ȼ320 950 1000 22.07.1985 30 

ɁȺɗɋ-3ȼȼɗɊ-1000/ȼ320 950 1000 10.12.1986 29 

ɁȺɗɋ-4ȼȼɗɊ-1000/ȼ320 950 1000 18.12.1987 28 

ɁȺɗɋ-5/ȼ320 950 1000 14.08.1989 26 

ɁȺɗɋ-6 950 1000 19.10.1995 20 

 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ Ⱥɗɋ 
ɢ ɜ ɱɚɫɬɧɨɫɬɢ, ɅɋȻ. 
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Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɧɟɪɝɨ-

ɛɥɨɤɚ ɜ ɰɟɥɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɬɚɤ 
ɧɚɡɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɝɥɭɛɨɤɨ ɷɲɟ-

ɥɨɧɢɪɨɜɚɧɧɨɣ ɡɚɳɢɬɵ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ 
ɮɢɡɢɱɟɫɤɢɯ ɧɚ ɩɭɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɪɚɞɢɨ-

ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ.  

ɋɭɳɟɫɬɜɭɟɬ ɩɹɬɶ ɭɪɨɜɧɟɣ ɝɥɭɛɨɤɨɷɲɟ-
ɥɨɧɢɪɨɜɚɧɧɨɣ ɡɚɳɢɬɵ ɷɧɟɪɝɨɛɥɨɤɚ. ɀɟɥɟ-
ɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɷɧɟɪɝɨɛɥɨɤɚ 
ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɨɬɧɨ-
ɫɹɬɫɹ ɤ ɬɪɟɬɶɟɦɭ ɭɪɨɜɧɸ ɝɥɭɛɨɤɨɷɲɟɥɨɧɢ-
ɪɨɜɚɧɧɨɣ ɡɚɳɢɬɵ. 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  3  

ɍɱɢɬɵɜɚɟɦɵɟ ɫɨɱɟɬɚɧɢɹ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɡɚɳɢɬɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ АЭɋ 

 

 

 

Ɋɟɠɢɦɵ 
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Ɍɟɯɧɢɱɟɫɤɢɟ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
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ɇɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɪɟɝɭɥɢɪɭɸɳɢɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɪɚɫɱɟɬ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ Ⱥɗɋ I ɤɚɬɟɝɨɪɢɢ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɭɫɥɨɜɧɨ ɞɟɥɹɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ 
ɝɪɭɩɩ:  

• ɋɬɚɧɞɚɪɬɵ ɆȺȽȺɌɗ, ɪɟɝɭɥɢɪɭɸɳɢɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ;  

• ɋɬɚɧɞɚɪɬɵ ɆȺȽȺɌɗ, ɪɟɝɭɥɢɪɭɸɳɢɟ 
ɦɨɧɢɬɨɪɢɧɝ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
Ⱥɗɋ;  

• Ⱦɨɤɥɚɞɵ ɆȺȽȺɌɗ, ɤɨɬɨɪɵɟ ɧɟ ɢɦɟɸɬ 
ɫɬɚɬɭɫɚ ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɨɪɦɚɬɢɜɧɨɝɨ ɞɨɤɭ-
ɦɟɧɬɚ ɢ ɫɥɭɠɚɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɢɫɬɨɱɧɢ-
ɤɚɦɢ;  

• ɇɚɰɢɨɧɚɥɶɧɵɟ ɫɬɚɧɞɚɪɬɵ ɫɬɪɚɧ-

ɭɱɚɫɬɧɢɰ ɆȺȽȺɌɗ;  

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɢ ɨɬɪɚɫɥɟɜɵɟ ɫɬɚɧɞɚɪ-
ɬɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɍɤɪɚɢɧɟ (ɪɢɫ. 4): ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɨɝɨ ɷɥɟɦɟɧɬɚ 
ɤɨɧɫɬɪɭɤɰɢɣ Ⱥɗɋ, ɜɚɠɧɵɯ ɞɥɹ ɛɟɡɨɩɚɫɧɨ-
ɫɬɢ, ɚ ɬɚɤɠɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɥɢɹɧɢɹ ɜɧɟɲ-
ɧɟɣ ɫɪɟɞɵ, ɬɪɟɛɭɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ ɧɨɪɦɚɬɢ-
ɧɨɪɦɚɬɢɜɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɟɤɨɦɟɧɞɚɰɢɣ 
ɩɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɸ, ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɞɥɹ 
ɞɚɧɧɨɝɨ ɬɢɩɚ ɷɥɟɦɟɧɬɨɜ ɢ ɜ ɤɨɧɤɪɟɬɧɵɯ 
ɭɫɥɨɜɢɹɯ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɬɚɛɥ. 3). 

ɋɭɳɟɫɬɜɭɸɳɚɹ ɢɟɪɚɪɯɢɹ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨ-
ɤɭɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 
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Ɋɢɫ. 4 ɋɢɫɬɟɦɚ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɟɣ ɪɚɫɱɟɬ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ  ɢ ɤɨɧɬɪɨɥɶ  

ɫɨɫɬɨɹɧɢɹ (ɦɨɧɢɬɨɪɢɧɝ) ɤɨɧɫɬɪɭɤɰɢɣ ȺЭɋ  
 

Ɂɚɳɢɬɧɚɹ ɨɛɨɥɨɱɤɚ Ⱥɗɋ ɫ ȼȼɗɊ 1000 
(ɪɢɫ. 5) ɢɦɟɟɬ ɮɨɪɦɭ ɰɢɥɢɧɞɪɚ ɫɨɩɪɹɠɟɧ-
ɧɨɝɨ ɫ ɩɨɥɨɝɢɦ ɤɭɩɨɥɨɦ ɢ ɞɧɢɳɟɦ.  

 
Ɋɢɫ. 5. Ɋɟɚɤɬɨɪɧɨɟ ɨɬɞɟɥɟɧɢɟ ɷɧɟɪɝɨɛɥɨɤɚ 
ȺЭɋ ɟ ȼȼЭɊ-1000 (ɫɟɪɢɣɧɵɣ ɩɪɨɟɤɬ): 
1–ɠɟɥɟɡɨɛɟɬɨɧɧɚɹ ɩɪɟɞɧɚɩɪɹɠɟɧɧɚɹ ɨɛɨɥɨɱɤɚ;  

2–ɪɟɚɤɬɨɪ; 3–ɤɨɦɩɟɧɫɚɬɨɪ ɨɛɴɟɦɚ; 4–ɩɚɪɨɝɟɧɟɪɚɬɨɪ; 
5–ɝɥɚɜɧɵɣ ɰɢɪɤɭɥɹɪɧɵɣ ɧɚɫɨɫ; 6–ɲɥɸɡ. 

 

ɉɨɞ ɞɧɢɳɟɦ ɪɚɫɩɨɥɨɠɟɧ ɰɨɤɨɥɶɧɵɣ 
ɷɬɚɠ. ȼɵɫɨɬɚ ɨɛɨɥɨɱɤɢ ɢ ɞɢɚɦɟɬɪ ɟɟ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
68 ɢ 45 ɦ, ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ ɢ ɤɭ-
ɩɨɥɚ ɫɨɫɬɚɜɥɹɟɬ 1200 ɦɦ ɢ 1000 ɦɦ. Ɉɛɨ-
ɥɨɱɤɚ ɜɵɩɨɥɧɟɧɚ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɛɟɬɨɧɚ, ɫ 
ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɨɛɥɢɰɨɜɚɧɚ ɫɬɚɥɶɸ 
ɬɨɥɳɢɧɨɣ 6 ɦɦ. ȼ ɦɟɫɬɟ ɫɨɩɪɹɠɟɧɢɹ ɰɢ-
ɥɢɧɞɪɚ ɫ ɤɭɩɨɥɨɦ ɢɦɟɟɬɫɹ ɤɨɥɶɰɨ, ɜ ɤɨɬɨ-
ɪɨɦ ɫ ɩɨɦɨɳɶɸ ɚɧɤɟɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɡɚɤɪɟɩɥɹɟɬɫɹ ɧɚɩɪɹɝɚɟɦɚɹ ɚɪɦɚɬɭɪɚ. Ʉɭɩɨɥ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧ ɞɜɭɦɹ ɝɪɭɩɩɚɦɢ 
ɚɪɦɚɬɭɪɧɵɯ ɩɭɱɤɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 
ɩɥɚɧɟ ɩɨɞ ɭɝɥɨɦ 90º ɨɞɧɚ ɤ ɞɪɭɝɨɣ. Ⱦɧɢɳɟ 
ɚɪɦɢɪɨɜɚɧɨ ɧɟɧɚɩɪɹɝɚɟɦɨɣ ɚɪɦɚɬɭɪɨɣ. 
ɐɢɥɢɧɞɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɨɛɨɥɨɱɤɢ ɧɚɩɪɹɝɚ-
ɟɬɫɹ ɚɪɦɚɬɭɪɨɣ, ɢɞɭɳɟɣ ɫɩɢɪɚɥɶɧɨ ɜ ɞɜɭɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ ɧɚɜɫɬɪɟɱɭ ɨɞɧɚ ɞɪɭɝɨɣ ɩɨɞ 
ɭɝɥɨɦ 35º ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 
(ɪɢɫ. 6). 

Ʉɚɤ ɭɠɟ ɭɤɚɡɵɜɚɥɨɫɶ, ɨɞɧɢɦ ɢɡ ɨɫɧɨɜ-
ɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɡɚɳɢɬ-
ɧɨɣ ɨɛɨɥɨɱɤɟ, ɹɜɥɹɟɬɫɹ ɧɟɞɨɩɭɳɟɧɢɟ 
ɪɚɡɝɟɪɦɟɬɢɡɚɰɢɢ ɢ ɜɵɯɨɞɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ.  

ɋ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨ-
ɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɳɢɬɧɵɯ 
ɨɛɨɥɨɱɟɤ Ⱥɗɋ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ
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ɤɚɤ ɩɟɪɜɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɢ. 
Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɛɟɬɨɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚ-
ɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɧɚɧɨɫɹɬɫɹ ɩɨɥɨɫɵ ɢɡ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ. ɉɨ 
ɢɡɦɟɧɟɧɢɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɬɚɤɢɯ 
ɷɥɟɦɟɧɬɨɜ ɜɨɡɦɨɠɧɨ ɜɵɹɜɢɬɶ ɦɟɫɬɚ ɥɨɤɚ-
ɥɢɡɚɰɢɢ ɩɨɜɪɟɠɞɟɧɢɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢ-
ɫɬɟɦɵ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

 
Ɋɢɫ. 6. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɤɚɧɚɬɨɜ ɩɪɟɞɧɚɩɪɹɠɟɧ-

ɧɨɣ ɚɪɦɚɬɭɪɵ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɩɨɫɵɥɤɢ ɫɨɡɞɚɧɢɹ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ.  

ɂɡɭɱɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɨɦɩɨ-
ɡɢɬɨɜ (ɛɟɬɨɧɨɜ (ɛɟɬɷɥɨɜ), ɪɚɫɬɜɨɪɨɜ, ɥɚɤɨɤɪɚ-
ɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ) ɢ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɬɢɩɨɜ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɤɨɦɩɨɡɢɬɨɜ ɢɞɟɬ ɜ ɞɜɭɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ Д9–18]:  

• ɫɨɡɞɚɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɤɨɦɩɨɡɢ-
ɬɨɜ ɫ ɦɚɥɵɦ ɭɞɟɥɶɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟɦ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ ɢɡɦɟɧɹɸɳɢɯɫɹ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ;  

• ɢɡɭɱɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɭɳɟ-
ɫɬɜɭɸɳɢɯ ɤɨɦɩɨɡɢɬɨɜ ɢ ɫɨɡɞɚɧɢɟ ɤɨɦɩɨɡɢɬɨɜ 
ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ: ɜɵɫɨɤɢɦ ɭɞɟɥɶɧɵɦ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɦɚɥɵɦ ɡɧɚɱɟɧɢɟɦ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɱɧɨɫɬɶɸ.  

Ɇɟɯɚɧɢɡɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɤɨɦɩɨ-
ɡɢɬɧɵɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɦɚɬɟɪɢɚɥɚɯ 
ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɟɧ. ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ 
ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ:  

1). ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɤɨɧɬɚɤɬ ɱɚɫɬɢɰ 
ɧɚɩɨɥɧɢɬɟɥɹ-ɩɪɨɜɨɞɧɢɤɚ;  

2). ɷɦɢɫɫɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚɩɨɥɧɢɬɟɥɹ ɱɟ-
ɪɟɡ ɡɚɡɨɪɵ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ (ɬɭɧɧɟɥɶɧɵɣ 
ɷɮɮɟɤɬ).  

Ɇɟɯɚɧɢɡɦ ɩɪɨɜɨɞɢɦɨɫɬɢ ɱɟɪɟɡ, ɧɚɩɪɢ-
ɦɟɪ, ɞɢɷɥɟɤɬɪɢɤɢ ɦɨɠɟɬ ɧɨɫɢɬɶ ɤɚɤ ɢɨɧɧɵɣ, 
ɬɚɤ ɢ ɷɥɟɤɬɪɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. ȼɟɥɢɱɢɧɨɣ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɚɦɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ, ɬɚɤ ɤɚɤ ɨɧɚ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞ-
ɤɨɜ ɦɟɧɶɲɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɡɚ ɫɱɟɬ ɬɭɧɧɟɥɶɧɨɝɨ ɷɮɮɟɤɬɚ. 
ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɜɨɩɪɨɫɨɦ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ 
ɫɜɹɡɭɸɳɟɝɨ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦ ɩɨɤɚ-
ɡɚɬɟɥɟɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɱɬɨ ɛɭɞɟɬ 
ɢɦɟɬɶ ɷɮɮɟɤɬ ɧɚ ɨɛɳɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞ-
ɧɨɫɬɶ ɤɨɦɩɨɡɢɬɚ.  

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚ-
ɡɵɜɚɟɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤ-
ɬɪɨɩɪɨɜɨɞɹɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɡɦɟɧɟɧɢɸ ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɩɨɤɪɵɬɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɷɥɟɤ-
ɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɤɪɵɬɢɣ ɨɤɚɡɵɜɚɟɬ 
ɜɥɢɹɧɢɟ ɫɬɟɩɟɧɶ ɞɢɫɩɟɪɫɧɨɫɬɢ ɧɚɩɨɥɧɢɬɟɥɹ, 
ɧɚɥɢɱɢɟ ɨɤɫɢɞɧɵɯ ɩɥɟɧɨɤ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ 
ɞɪɭɝɢɟ ɮɚɤɬɨɪɵ.  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɛɟɬɷɥɨɜ (ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɹɳɢɯ ɛɟɬɨɧɨɜ) ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɝɥɟɪɨɞɚ ɫ 250 ɞɨ 
500 ɤɝ/ɦ3

 ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɛɟɬɷɥɚ ɩɚɞɚɟɬ ɛɨɥɟɟ ɱɟɦ ɜ 10 ɪɚɡ.  

Эɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɤɨɦɩɨɧɟɧɬɵ 
(ɧɚɩɨɥɧɢɬɟɥɶ) 

ɗɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɧɚɩɨɥɧɢɬɟɥɢ 
ɦɨɠɧɨ ɨɛɴɟɞɢɧɢɬɶ ɜ ɞɜɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 

– ɦɟɬɚɥɥɢɱɟɫɤɢɟ;  
– ɭɝɥɟɪɨɞɢɫɬɵɟ.  
Ⱦɚɧɧɵɟ ɨɛ ɭɞɟɥɶɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɦɟɬɚɥɥɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ 
ɞɥɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ-
ɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 
 

 

 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  4  

Ɇɟɬɚɥɥ ɀɟɥɟɡɨ Ɇɟɞɶ ɐɢɧɤ Ⱥɥɸɦɢɧɢɣ ɋɟɪɟɛɪɨ ɇɢɤɟɥɶ Ɍɢɬɚɧ ɋɬɚɥɶ 

ρ, Ɉɦ ɦ2/ɦ 0,013 0,0175 0,059 0,0271 0,016 0,087 0,5562–0,7837 0,14 
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɪɟɞɥɨɠɟɧɨ ɩɪɢɦɟ-
ɧɟɧɢɟ ɩɪɨɜɨɞɹɳɢɯ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ ɬɢɬɚɧɚ ɬɢɩɚ ɮɚɡ ɜɧɟɞɪɟɧɢɹ 
Ɍ1ɋɯ, ɌɿNɯ, ɌТɋɯNɭ (0,5<ɯ, ɯ+У><1,0) (ɤɚɪ-
ɛɢɞɨɜ, ɧɢɬɪɢɞɨɜ, ɤɚɪɛɨɧɢɬɪɢɞɨɜ ɥɢɛɨ ɞɪɭ-
ɝɢɯ ɛɢɧɚɪɧɵɯ ɢɥɢ ɛɨɥɟɟ ɫɥɨɠɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɭɤɚɡɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɪɚɡɥɢɱ-
ɧɵɯ ɧɟɦɟɬɚɥɥɨɜ). ɗɬɢ ɩɟɪɫɩɟɤɬɢɜɧɵɟ 
ɧɚɩɨɥɧɢɬɟɥɢ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɫɬɨɣɤɨ-
ɫɬɶɸ ɤ ɮɚɤɬɨɪɚɦ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɫ ɜɵɫɨɤɨɣ 
ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɩɪɟɜɵɲɚ-
ɸɳɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɚɦɨɝɨ ɦɟɬɚɥɥɚ, ɢ 
ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤ-
ɰɢɹɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɧɟɫɬɟɯɢɨ-
ɦɟɬɪɢɱɧɨɫɬɢ. Ɉɞɧɚɤɨ ɩɨɤɚ ɞɚɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɟɮɢɰɢɬ-
ɧɵɦɢ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ.  

Ʉ ɭɝɥɟɪɨɞɢɫɬɵɦ ɧɚɩɨɥɧɢɬɟɥɹɦ ɨɬɧɨ-
ɫɹɬɫɹ ɫɚɠɢ, ɝɪɚɮɢɬɵ, ɬɟɯɧɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞ.  

ɗɬɢ ɧɚɩɨɥɧɢɬɟɥɢ ɞɟɲɟɜɵɟ, ɞɨɫɬɭɩɧɵɟ 
ɜ ɥɸɛɨɦ ɪɟɝɢɨɧɟ, ɨɛɥɚɞɚɸɬ ɨɱɟɧɶ ɧɢɡɤɢɦ 
ɭɞɟɥɶɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 
ɍɝɥɟɪɨɞ, ɤɚɤ ɢ ɦɟɬɚɥɥ, ɨɛɥɚɞɚɟɬ ɷɥɟɤɬɪɨɧ-
ɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. Ɉɞɧɚɤɨ ɷɬɢ ɦɚɬɟɪɢɚ-
ɥɵ ɩɨɧɢɠɚɸɬ ɩɪɨɱɧɨɫɬɶ ɤɨɦɩɨɡɢɬɨɜ. Ɍɚɤ 
ɩɪɢ ɨɛɴɟɦɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɫɚɠɢ ɜɵɲɟ 30% 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɚɹ ɩɨɬɟɪɹ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɩɪɨɱɧɨɫɬɢ ɛɟɬɷɥɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɧɨɝɨ ɛɟɬɨɧɚ, ɫɢɥɢɤɚɬɧɨɝɨ ɤɢɪɩɢɱɚ, ɤɥɚ-
ɞɨɱɧɵɯ ɢ ɲɬɭɤɚɬɭɪɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɤɪɚɫɨɤ, 
ɚɫɮɚɥɶɬɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɧ-
ɤɨɦɨɥɨɬɵɣ ɦɢɧɟɪɚɥ ɲɭɧɝɢɬ. Ɉɞɧɚɤɨ ɞɚɧ-
ɧɵɣ ɦɚɬɟɪɢɚɥ ɞɨɫɬɚɬɨɱɧɨ ɪɟɞɤɨ 
ɜɫɬɪɟɱɚɟɬɫɹ ɢ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɞɨɪɨɝɨɫɬɨɹ-
ɳɢɦ, ɧɟɠɟɥɢ ɫɚɠɚ ɢ ɝɪɚɮɢɬ. ɂ ɜɫɟ ɠɟ ɲɭɧ-
ɝɢɬ ɞɨɫɬɚɬɨɱɧɨ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɜ ɪɟɝɢɨɧɚɯ, 
ɝɞɟ ɨɧ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧ.  

ɋɜɹɡɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ  
ɋɜɹɡɭɸɳɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɤɨɦ-

ɩɨɡɢɬɨɜ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ 
ɝɪɭɩɩɵ:  

• ɩɨɥɢɦɟɪɧɵɟ;  
• ɠɢɞɤɨɫɬɟɤɨɥɶɧɵɟ;  
• ɦɢɧɟɪɚɥɶɧɵɟ.  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɬ ɩɨɥɢ-

ɦɟɪɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɥɢɦɟ-
ɪɵ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɞɢɷɥɟɤɬɪɢɤɚɦɢ (ɩɨɥɭ-

ɩɪɨɜɨɞɧɢɤɚɦɢ), ɬɚɤ ɢ ɩɪɨɜɨɞɧɢɤɚɦɢ ɢ ɞɚ-
ɠɟ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚɦɢ.  

Ɉɛɵɱɧɵɟ ɩɨɥɢɦɟɪɵ, ɬɚɤɢɟ ɤɚɤ ɩɨɥɢ-
ɷɬɢɥɟɧ, ɩɨɥɢɫɬɢɪɨɥ, ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ, 
ɹɜɥɹɸɬɫɹ ɞɢɷɥɟɤɬɪɢɤɚɦɢ ɫ ɜɵɫɨɤɢɦ ɭɞɟɥɶ-
ɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
1 1016 Ɉɦ∙ɦ.  

Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɢɦɟɪɨɜ ɜ ɤɚɱɟ-
ɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɞɥɹ ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɹɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ 1950-ɯ ɝɨɞɨɜ ɤ ɧɢɦ 
ɧɚɱɚɥɢ ɞɨɛɚɜɥɹɬɶ ɩɨɪɨɲɤɢ ɦɟɬɚɥɥɨɜ, ɫɚɠɭ, 
ɝɪɚɮɢɬ, ɪɚɡɥɢɱɧɵɟ ɜɨɥɨɤɧɚ.  

ȼ 1970-ɟ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɚɰɟɬɢɥɟɧɚ ɭɞɚ-
ɥɨɫɶ ɫɨɡɞɚɬɶ ɩɨɥɢɦɟɪ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɩɨɥɭ-
ɩɪɨɜɨɞɧɢɤɚ ɫ ɭɞɟɥɶɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 1011–107 Ɉɦ∙ɦ. ȼ 1963 
ɝɨɞɭ ɝɪɭɩɩɟ ɚɜɫɬɪɚɥɢɣɫɤɢɯ ɭɱɟɧɵɯ ɭɞɚɥɨɫɶ 
ɞɨɫɬɢɝɧɭɬɶ ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɣɨɞɨ-ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨ-
ɥɢɩɢɪɪɨɥɚ 0,3 Ɉɦ∙ɦ. 

Ȼɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɦɧɨɠɟɫɬɜɨ ɞɪɭɝɢɯ 
ɩɨɥɢɦɟɪɨɜ, ɢɦɟɸɳɢɯ ɜɧɭɬɪɟɧɧɸɸ ɩɪɨɜɨ-
ɞɢɦɨɫɬɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɢɚɧɢɥɢɧ ɢ ɩɨɥɢ-
ɬɢɨɮɟɧ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɨɬ 
10-8 ɞɨ 10-6 ɋɦ/ɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɯɨɪɨɲɨ 
ɢɡɭɱɟɧɧɵɟ ɤɥɚɫɫɵ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɨɜɨɞɹ-
ɳɢɯ ɩɨɥɢɦɟɪɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɨɥɢɚɧɢɥɢɧ, 
ɩɨɥɢɫɭɥɶɮɢɞ-ɪ-ɮɟɧɢɥɟɧɚ, ɬɚɤɠɟ ɩɨɥɢ-

ɩɚɪɚ-ɮɟɧɢɥɟɧ-ɜɢɧɢɥɟɧ (ɉɉȼ).  
Ɉɞɧɢɦɢ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɤɪɢɬɟɪɢɟɜ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɫɜɹɡɭɸɳɟɦɭ ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɹɳɢɯ ɤɨɦɩɨɡɢɬɨɜ, ɹɜɥɹɸɬɫɹ ɞɨɫɬɭɩ-
ɧɨɫɬɶ ɢ ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ. ɉɨɷɬɨɦɭ ɛɨɥɟɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɞɨɪɨɝɨɟ 
ɫɜɹɡɭɸɳɟɟ -ɞɢɷɥɟɤɬɪɢɤ ɜ ɤɨɦɩɨɡɢɰɢɢ ɫ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɦ ɤɨɦɩɨɧɟɧɬɨɦ.  

ɉɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɜ ɤɚɱɟɫɬɜɟ 
ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɜ ɷɥɟɤɬɪɨɩɪɨɜɨ-
ɞɹɳɢɯ ɤɨɦɩɨɡɢɬɚɯ (ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɤɪɵɬɢ-
ɹɯ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɩɨɤɫɢɞɧɵɟ, ɚɤɪɢɥ-

ɚɦɢɞɧɵɟ, ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ, 
ɤɚɪɛɚɦɢɞɨ-ɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɫɦɨɥɵ, ɩɨɥɢ-
ɷɮɢɪɵ, ɩɨɥɢɭɪɟɬɚɧɵ, ɩɨɥɢɨɥɟɮɢɧɵ, ɤɪɟɦ-
ɧɢɣɨɪɝɚɧɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ, 
ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬ, ɫɨɩɨɥɢɦɟɪɵ ɜɢɧɢɥɚɰɟ-
ɬɚɬɚ ɢ ɜɢɧɢɥɯɥɨɪɢɞɚ ɢ ɬ. ɞ.  

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɩɪɟɞɥɨɠɟɧɵ 
ɫɚɦɨɪɟɝɭɥɢɪɭɟɦɵɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɩɨ-
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ɥɢɨɥɟɮɢɧɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹ-
ɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɥɤɨ-
ɞɢɫɩɟɪɫɧɵɣ ɤɨɤɫ ɢ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɣ 
ɝɪɚɮɢɬ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 15 ɨɛ.% – 

0,5 ɨɛ. %). Ⱦɚɧɧɵɟ ɫɨɫɬɚɜɵ ɨɛɥɚɞɚɸɬ ɜɵ-
ɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  

ɇɚɢɛɨɥɟɟ ɞɨɫɬɭɩɧɵɦɢ ɢ ɧɟɞɨɪɨɝɢɦɢ 
ɫɜɹɡɭɸɳɢɦɢ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɹɜɥɹɸɬɫɹ 
ɤɚɪɛɚɦɢɞɨɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɢ ɚɤɪɢɥɚɦɢɞ-
ɧɵɟ ɫɦɨɥɵ.  

ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɟɪɟɱɢɫɥɟɧ-
ɧɵɦ ɫɜɹɡɭɸɳɢɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚɬɪɢɟɜɨɟ ɢ 
ɤɚɥɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ. ɀɢɞɤɨɟ ɫɬɟɤɥɨ 
(ɧɚɬɪɢɟɜɨɟ ɢ ɤɚɥɢɟɜɨɟ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɤɨɥɥɨɢɞɧɵɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɫɢɥɢɤɚɬɚ 
ɧɚɬɪɢɹ ɢɥɢ ɤɚɥɢɹ Ʉ20 ЦSТO2, ɝɞɟ ɬ — ɦɨ-
ɞɭɥɶ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ, Ʉ. - ɧɚɬɪɢɣ (Nɚ) ɢɥɢ 
ɤɚɥɢɣ (Ʉ). ɀɢɞɤɨɟ ɫɬɟɤɥɨ ɞɨɥɠɧɨ ɨɬɜɟɱɚɬɶ 
ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɬɪɢɟɜɨɟ ȽɈɋɌ -13078-81, 

ɤɚɥɢɟɜɨɟ — ȽɈɋɌ -18978-71.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɫɬɚɜɨɜ ɜɵɫɨɤɨɣ 
ɩɪɨɱɧɨɫɬɢ ɧɚɬɪɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ ɨɬ-
ɜɟɪɠɞɚɟɬɫɹ ɤɪɟɦɧɢɣɮɬɨɪɢɫɬɵɦ ɧɚɬɪɢɟɦ 
NК2 SТF6, ɤɪɟɦɧɟɮɬɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫ-
ɥɨɬɨɣ ɇ2 SТF6, ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɨɦ, ɮɟɪɪɨ-
ɯɪɨɦɨɜɵɦ ɲɥɚɤɨɦ, ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ ɢ ɞɪ. 
ɇɟɞɨɫɬɚɬɤɨɦ ɧɚɬɪɢɟɜɨɝɨ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ 
ɹɜɥɹɟɬɫɹ ɟɝɨ ɧɢɡɤɚɹ ɜɨɞɨɫɬɨɣɤɨɫɬɶ, ɚ ɬɚɤɠɟ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɵɫɨɥɨɨɛɪɚɡɨɜɚɧɢɟ ɧɚ ɟɝɨ 
ɩɨɜɟɪɯɧɨɫɬɢ. Ʉ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɤɚɱɟɫɬɜɚɦ 
ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɟɝɨ ɞɨ-
ɫɬɚɬɨɱɧɨ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɛɨɥɶɲɭɸ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ.  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɚɬɪɢɟɜɨɝɨ, ɤɚɥɢɟɜɨɟ 
ɠɢɞɤɨɟ ɫɬɟɤɥɨ ɹɜɥɹɟɬɫɹ ɜɨɞɨɫɬɨɣɤɢɦ ɦɚɬɟ-
ɪɢɚɥɨɦ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɸɬ ɜɵ-
ɫɨɥɵ, ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɧɨ ɤɚɤ ɫɜɹɡɭɸɳɟɟ ɜ 
ɫɢɥɢɤɚɬɧɵɯ ɤɪɚɫɤɚɯ.  

Ɋɚɡɪɚɛɨɬɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɢɡɭɱɟ-
ɧɢɹ ɤɢɧɟɬɢɤɢ ɨɬɜɟɪɠɞɟɧɢɹ ɠɢɞɤɨɫɬɟɤɨɥɶ-
ɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ 
(ɪɢɫ. 7).  

Эɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɛɟɬɨɧɵ 
(ɛɟɬɷɥɵ)  

Ɉɛɵɱɧɵɣ ɛɟɬɨɧ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦ-
ɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɥɚɞɚɟɬ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɨɜɨɞɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɬɨɤ, ɨɞɧɚɤɨ ɷɬɨ ɟɝɨ ɫɜɨɣɫɬɜɨ ɧɟ ɫɬɚɛɢɥɶ-
ɧɨɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɵɱɧɨɝɨ ɛɟɬɨɧɚ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɜɪɟɞɧɚɹ, ɬɚɤ ɤɚɤ ɫ ɧɟɣ 
ɫɜɹɡɚɧɚ ɷɥɟɤɬɪɨɤɨɪɪɨɡɢɹ ɚɪɦɚɬɭɪɵ ɜ ɠɟɥɟ-
ɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢ-
ɟɦ ɛɥɭɠɞɚɸɳɢɯ ɬɨɤɨɜ.  

ɉɪɢ ɫɟɡɨɧɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢ ɜɥɚɠɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɨɛɵɱɧɨɝɨ ɛɟɬɨɧɚ ɦɟɧɹɟɬɫɹ ɧɚ 6–8 ɩɨɪɹɞ-
ɤɨɜ. Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɨɧ ɨɛɥɚɞɚɟɬ 
ɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɉɪɢ 
ɧɚɫɵɳɟɧɢɢ ɛɟɬɨɧɚ ɜɨɞɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɟ-
ɪɟɯɨɞ ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɰɟ-
ɦɟɧɬɧɨɝɨ ɤɚɦɧɹ ɜ ɠɢɞɤɭɸ ɮɚɡɭ ɢ ɨɧ 
ɫɬɚɧɨɜɢɬɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ ɫ ɧɢɡɤɢɦ 
ɭɞɟɥɶɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 
ȼɵɫɭɲɢɜɚɧɢɟ ɠɟ ɛɟɬɨɧɚ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ 
ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  

ɉɪɟɞɥɚɝɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ 
ɭɥɭɱɲɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɛɟɬɨɧɚ. 
ɉɨɩɵɬɤɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɜɨɞɹɳɢɟ ɫɜɨɣ-
ɫɬɜɚ ɛɟɬɨɧɚ ɜɨ ɜɥɚɠɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢɦɟɥɢ 
ɨɝɪɚɧɢɱɟɧɧɵɣ ɭɫɩɟɯ. Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, 
ɱɬɨ ɜɥɚɠɧɵɣ ɛɟɬɨɧ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɟ 
ɜɵɞɟɪɠɢɜɚɥ ɢɦɩɭɥɶɫɨɜ ɬɨɤɚ, ɫ ɞɪɭɝɨɣ — 

ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɝɞɚ ɜɨɞɚ, 
ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɛɟɬɨɧɟ, ɡɚɦɟɪɡɚɥɚ, ɨɧ ɫɬɚ-
ɧɨɜɢɥɫɹ ɩɥɨɯɢɦ ɩɪɨɜɨɞɧɢɤɨɦ. 

ɏɚɪɚɤɬɟɪɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ 
ɪɚɛɨɬ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɬɨɦ, ɱɬɨ ɛɟɬɨɧ ɪɚɫ-
ɫɦɚɬɪɢɜɚɥɫɹ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɤɚɤ ɧɟɱɬɨ ɟɞɢɧɨɟ ɛɟɡ ɞɨɫɬɚɬɨɱɧɨɝɨ ɭɱɟɬɚ 
ɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɦɢɤ-
ɪɨ- ɢ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ, ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɢɡɢ-
ɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɟɝɨ ɤɚɤ ɦɚɬɟɪɢɚɥɚ.  

ȼ ɨɫɧɨɜɭ ɜɟɞɭɳɢɯɫɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ-
ɥɨɠɟɧ ɢɧɨɣ ɩɪɢɧɰɢɩ ɩɨɥɭɱɟɧɢɹ ɬɨɤɨɩɪɨ-
ɜɨɞɹɳɢɯ ɛɟɬɨɧɨɜ. Ⱦɥɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ 
ɛɟɬɨɧɨɜ ɷɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɨɬɵɫɤɚɧɢɟ ɬɨɤɨ-
ɩɪɨɜɨɞɹɳɟɣ ɞɨɛɚɜɤɢ, ɢɡɦɟɧɹɸɳɟɣ ɫɜɨɣ-
ɫɬɜɚ ɛɟɬɨɧɚ ɜ ɫɬɨɪɨɧɭ ɩɨɜɵɲɟɧɢɹ ɟɝɨ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɢ, ɜɨ-ɜɬɨɪɵɯ, ɩɨɥɭ-
ɱɟɧɢɟ ɧɚ ɟɟ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ — ɫɩɟɰɢɚɥɶɧɨɝɨ ɛɟɬɨɧɚ ɫ 
ɤɚɱɟɫɬɜɚɦɢ ɩɪɨɜɨɞɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ.  
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Ɋɢɫ. 7. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɤɢɧɟɬɢɤɢ ɨɬɜɟɪɠɞɟɧɢɹ ɠɢɞɤɨɫɬɟɤɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢɯ ɪɚɛɨɬ ɛɵɥ ɫɨɡɞɚɧ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɣ ɛɟɬɨɧ, ɧɚɡɜɚɧɧɵɣ 
ɛɟɬɷɥɨɦ, ɨɛɥɚɞɚɸɳɢɣ, ɧɚɪɹɞɭ ɫ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɨ-
ɜɨɞɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɭɫɬɚ-
ɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɜ ɧɭɠɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ 
ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ ɢ ɛɟɬɨɧɚ, ɚ ɬɚɤɠɟ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɬɨɤɨɩɪɨɜɨɞɹɳɢɯ ɞɨɛɚɜɨɤ ɹɜ-
ɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɭɬɟɣ 
ɩɨɥɭɱɟɧɢɹ ɛɟɬɨɧɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɷɥɟɤɬɪɢ-
ɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɗɬɨɝɨ ɫɥɟɞɭɟɬ ɞɨɛɢ-
ɜɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɜɵɛɨɪɚ ɢɫɯɨɞɧɨɝɨ 
ɜɹɠɭɳɟɝɨ, ɡɚɩɨɥɧɢɬɟɥɹ ɢ ɞɨɛɚɜɨɤ, ɧɨ ɢ 
ɫɨɡɞɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɟɠɢɦɚ ɬɜɟɪɞɟɧɢɹ. 
ȼ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɛɨɬɚɯ ɩɟɪɜɨɟ ɭɱɢ-
ɬɵɜɚɥɨɫɶ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɚ ɜɬɨɪɨɟ ɧɟ ɩɪɢ-
ɧɢɦɚɥɨɫɶ ɜɨ ɜɧɢɦɚɧɢɟ ɜɨɨɛɳɟ.  

ɋɜɹɡɤɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɛɟɬɨɧɟ, ɦɨɠɟɬ 
ɛɵɬɶ ɫɚɦɨɣ ɪɚɡɥɢɱɧɨɣ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɟɟ ɜɢɞɚ ɪɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɛɟɬɨ-

ɧɚ: ɩɨɥɢɦɟɪɛɟɬɨɧ, ɩɨɥɢɦɟɪɰɟɦɟɧɬɧɵɣ ɛɟ-
ɬɨɧ, ɛɟɬɨɧ ɧɚ ɰɟɦɟɧɬɧɨɦ ɜɹɠɭɳɟɦ, ɛɟɬɨɧ 
ɧɚ ɠɢɞɤɨɫɬɟɤɨɥɶɧɨɦ ɜɹɠɭɳɟɦ. ȿɫɥɢ ɩɪɨ-
ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɣ, ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɬɨ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɰɟɥɟɣ ɹɜɥɹɟɬɫɹ ɛɟɬɨɧ ɧɚ ɰɟɦɟɧɬɧɨɦ ɜɹɠɭ-
ɳɟɦ, ɬɚɤ ɤɚɤ ɨɧ ɢɦɟɟɬ, ɩɨɦɢɦɨ ɜɵɫɨɤɢɯ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ, ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɭɸ ɤɨɪɨɧɨ-
ɫɬɨɣɤɨɫɬɶ ɢ ɞɭɝɨɫɬɨɣɤɨɫɬɶ.  

ɗɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɛɟɬɨɧɵ ɨɬɧɨɫɹɬɫɹ 
ɤ ɱɢɫɥɭ ɞɟɲɟɜɵɯ ɢ ɞɨɫɬɭɩɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɂɯ ɫɬɨɢɦɨɫɬɶ ɥɢɲɶ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭ-
ɱɚɹɯ ɛɭɞɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɬɶ ɫɬɨ-
ɢɦɨɫɬɶ ɨɛɵɱɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɛɟɬɨɧɨɜ. 
ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɛɟɬɨɧɨɜ ɢ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ — ɜɹɠɭɳɢɟ, 
ɞɨɛɚɜɤɢ, ɡɚɩɨɥɧɢɬɟɥɢ, ɚ ɬɚɤɠɟ ɜ ɨɫɧɨɜɧɨɦ 
ɨɫɜɨɟɧɧɵɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ.  
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ɉɨɥɭɱɟɧɢɟ ɛɟɬɷɥɚ ɨɫɧɨɜɚɧɨ ɧɚ ɜɜɟɞɟ-
ɧɢɢ ɜ ɟɝɨ ɫɨɫɬɚɜ ɡɚɩɨɥɧɢɬɟɥɟɣ, ɨɛɥɚɞɚɸ-
ɳɢɯ ɷɥɟɤɬɪɨɧɧɵɦ ɯɚɪɚɤɬɟɪɨɦ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ (ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɩɪɨ-
ɜɨɞɹɳɟɣ ɮɚɡɵ) ɢ ɩɪɟɜɪɚɳɟɧɢɢ ɟɝɨ ɜ ɧɟɦɟ-
ɬɚɥɥɢɱɟɫɤɢɣ ɩɪɨɜɨɞɧɢɤ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 
ɬɢɩɚ. ɐɟɦɟɧɬɧɵɣ ɤɚɦɟɧɶ, ɤɚɤ ɨɛɥɚɞɚɸɳɢɣ 
ɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, 
ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɟɧ 
ɢɡ ɨɛɳɟɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɨɦɩɨɡɢɰɢɢ, ɚ ɟɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚ 6–10 ɩɨ-
ɪɹɞɤɨɜ ɜɵɲɟ, ɱɟɦ ɭ ɜɫɟɣ ɫɢɫɬɟɦɵ. ɗɬɨɝɨ 
ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɤɚɤ ɡɚ ɫɱɟɬ ɩɨɞɛɨɪɚ ɢɫ-
ɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɰɟɦɟɧɬɚ, ɬɚɤ ɢ ɩɭɬɟɦ ɢɡ-
ɦɟɧɟɧɢɹ ɜ ɧɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɮɚɡɨɜɨɝɨ 
ɫɨɫɬɚɜɚ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 
ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɦɚɥɶɧɨɝɨ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ, ɪɟɠɢɦɚ ɬɜɟɪɞɟɧɢɹ ɜɹɠɭɳɟɝɨ.  

ɂɡɞɟɥɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɚ ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ –50 ɞɨ +200 °ɋ 
ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɬɟɦɩɟɪɚɬɭɪɨɫɬɨɣɤɨ-
ɫɬɶɸ. ȼ ɤɚɱɟɫɬɜɟ ɧɟɞɨɫɬɚɬɤɚ ɫɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬɶ ɧɟɤɨɬɨɪɭɸ ɟɝɨ ɩɨɪɢɫɬɨɫɬɶ, ɱɬɨ 
ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ 
ɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɛɟɬɷɥɚ ɨɬ ɭɜɥɚɠ-
ɧɟɧɢɹ ɩɪɢ ɧɚɪɭɠɧɨɣ ɭɫɬɚɧɨɜɤɟ.  

Ɇɧɨɝɨɥɟɬɧɢɣ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɢ ɡɚɪɭ-
ɛɟɠɧɵɣ ɨɩɵɬ ɩɨɥɭɱɟɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨ-
ɜɨɞɧɢɤɨɜ ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɨɫ-
ɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɜɨɞɹɳɟɣ ɮɚɡɟ, 
ɤɨɬɨɪɵɟ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɢ ɧɚ ɛɟɬɷɥ.  

ɉɪɨɜɨɞɹɳɚɹ ɮɚɡɚ ɛɟɬɷɥɚ ɞɨɥɠɧɚ ɨɛɥɚ-
ɞɚɬɶ ɧɟɨɛɯɨɞɢɦɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, 
ɞɨɫɬɚɬɨɱɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, 
ɬɟɦɩɟɪɚɬɭɪɨɫɬɨɣɤɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ 
ɧɟ ɨɤɢɫɥɹɬɶɫɹ ɩɪɢ ɥɨɤɚɥɶɧɵɯ ɩɟɪɟɝɪɟɜɚɯ 
ɤɨɦɩɨɡɢɰɢɢ. Ɉɧɚ ɧɟ ɞɨɥɠɧɚ ɜɫɬɭɩɚɬɶ ɜ 
ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɜɹɠɭɳɢɦ, 
ɩɪɢɜɨɞɹɳɟɟ ɤ ɧɨɜɵɦ ɤɚɱɟɫɬɜɟɧɧɵɦ ɫɨɫɬɨ-
ɹɧɢɹɦ ɢ ɢɡɦɟɧɟɧɢɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɫɢɫɬɟɦɵ; ɤɨɷɮɮɢɰɢɟɧɬ ɟɟ ɥɢɧɟɣɧɨɝɨ ɪɚɫ-
ɲɢɪɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɛɥɢɡɤɢɦ ɩɨ ɜɟɥɢ-
ɱɢɧɟ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɥɢɧɟɣɧɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɜɹɠɭɳɟɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɨ 
ɦɟɧɶɲɢɦ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɭɜɟɥɢɱɟɧɢɟ 
ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɬɚɤɬɚɯ ɰɟɩɨɱɟɤ ɩɪɨɜɨɞɹɳɟɣ 
ɮɚɡɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɟ-
ɞɟɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɜɨ-

ɞɢɦɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɤɨɦɩɨɡɢɰɢɢ ɢɥɢ ɦɨɠɟɬ 
ɞɚɠɟ ɜɵɡɜɚɬɶ ɪɚɡɪɭɲɟɧɢɟ ɢɡɞɟɥɢɹ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɟɟ ɫɨɛɫɬɜɟɧɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 
ɞɨɥɠɧɚ ɢɦɟɬɶ ɦɢɧɢɦɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ.  

ɇɚɢɛɨɥɟɟ ɩɨɥɧɨ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɨɬ-
ɜɟɱɚɸɬ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɫɩɟɰɢɚɥɶɧɵɯ ɫɚɠ, 
ɤɨɬɨɪɵɟ ɢ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ 
ɧɚ ɨɫɧɨɜɟ ɤɟɪɚɦɢɤɢ, ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ, ɩɨ-
ɥɢɦɟɪɨɜ ɢ ɤɚɭɱɭɤɚ. ɋɚɠɟɜɵɣ ɤɨɦɩɨɧɟɧɬ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɧɚɪɹɞɭ ɫ ɠɟɥɟɡɧɵɦɢ ɨɩɢɥɤɚɦɢ, 
ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɚɦɟɪɢɤɚɧɫɤɨɝɨ ɷɥɟɤɬɪɨ-
ɩɪɨɜɨɞɧɨɝɨ ɛɟɬɨɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɟɝɨ, ɜ 
ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɹɳɟɣ ɮɚɡɵ ɛɟɬɷɥɚ ɩɪɢɧɹɬɵ 
ɭɝɥɟɪɨɞɢɫɬɵɟ ɯɢɦɩɪɨɞɭɤɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɰɢɚɥɶɧɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚ-
ɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɪɨɞɧɵɯ ɭɝɥɟɣ ɢ 
ɧɟɮɬɢ (ɧɟɤɨɬɨɪɵɟ ɤɨɤɫɵ, ɷɥɟɤɬɪɨɞɧɚɹ ɦɚɫ-
ɫɚ ɗɍ ɢ ɞɪ.).  

ɋɟɝɨɞɧɹ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɟ-
ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɛɟɬɷɥɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɚ-
ɠɚ, ɠɟɥɟɡɧɵɟ ɨɩɢɥɤɢ, ɪɚɡɦɨɥɨɬɵɟ 
ɩɪɨɞɭɤɬɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ 
ɭɝɥɟɣ ɢ ɧɟɮɬɢ (ɧɟɤɨɬɨɪɵɟ ɤɨɤɫɵ, ɷɥɟɤ-
ɬɪɨɞɧɚɹ ɦɚɫɫɚ ɗɍ ɢ ɞɪ.). ɍɞɟɥɶɧɨɟ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ ɬɚɤɢɯ ɛɟɬɨɧɨɜ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 102–106 Ɉɦ∙ɦ.  

Ʉɚɧɚɞɫɤɢɟ ɭɱɟɧɵɟ-ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɪɚɡ-
ɪɚɛɨɬɚɥɢ ɧɨɜɵɣ ɬɢɩ ɛɟɬɨɧɚ, ɤɨɬɨɪɵɣ ɨɛɥɚ-
ɞɚɟɬ ɯɨɪɨɲɟɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ. 
ɉɪɢɧɰɢɩ, ɥɟɠɚɳɢɣ ɜ ɟɝɨ ɨɫɧɨɜɟ, – ɷɬɨ ɞɨ-
ɛɚɜɥɟɧɢɟ ɜ ɛɟɬɨɧ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɭɝɥɟɪɨɞɧɨɟ ɜɨɥɨɤɧɨ, 
ɝɪɚɮɢɬ, ɞɟɲɟɜɵɟ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ ɫɬɚɥɢ, ɩɨɡɜɨɥɹɸɳɢɯ ɫɨɡɞɚɬɶ ɧɟ-
ɩɪɟɪɵɜɧɭɸ ɫɟɬɶ ɢɡ ɩɪɨɜɨɞɹɳɟɝɨ 
ɦɚɬɟɪɢɚɥɚ. Ⱦɚɧɧɵɣ ɩɪɢɧɰɢɩ ɩɨɡɜɨɥɹɟɬ 
ɭɜɟɥɢɱɢɬɶ ɩɪɨɜɨɞɢɦɨɫɬɶ ɛɟɬɨɧɚ ɧɚ ɧɟ-
ɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɨɩɪɟɞɟ-
ɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɜɨɞɹɳɟɝɨ 
ɧɚɩɨɥɧɢɬɟɥɹ — ɩɨɪɨɝɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ. 
Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɟɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɞɚɫɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɜɨɞɢ-
ɦɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɩɬɢ-
ɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɧɟɛɨɥɶɲɨɟ 
ɩɪɟɜɵɲɟɧɢɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɩɨɡɜɨɥɢɬ ɞɨɛɢɬɶɫɹ ɜɵɫɨɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ 
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ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɯɨɪɨ-
ɲɢɯ ɭɫɥɨɜɢɣ ɩɟɪɟɦɟɲɢɜɚɧɢɹ.  

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɬɢɩɨɦ 
ɩɪɨɜɨɞɹɳɟɣ ɞɨɛɚɜɤɢ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɩɪɨɜɨɞɧɢɤɚɯ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɭɝɥɟɪɨ-
ɞɢɫɬɵɟ ɩɪɨɞɭɤɬɵ — ɫɚɠɢ, ɝɪɚɮɢɬɵ ɢ ɞɪ. 
Ɉɞɧɚɤɨ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɱɟɬɚɧɢɹ ɰɟɦɟɧɬɧɨɣ 
ɫɜɹɡɤɢ ɫ ɭɝɥɟɪɨɞɢɫɬɵɦ ɧɚɩɨɥɧɢɬɟɥɟɦ ɞɨ 
ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɨɫɬɚɜɚɥɚɫɶ ɫɨɦɧɢ-
ɬɟɥɶɧɨɣ. ɉɨɫɥɟɞɧɢɟ ɪɚɛɨɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɬɚɤɨɟ ɫɨɱɟɬɚ-
ɧɢɟ ɜɨɡɦɨɠɧɨ, ɢ ɩɨɥɭɱɟɧɧɵɣ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɧɚɪɹɞɭ ɫɨ ɫɬɚɛɢɥɶɧɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɪɟɝɭɥɢɪɭɟɦɨɣ ɜ 
ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ.  

Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɛɟɬɷɥɚ ɨɬ ɢɡɜɟɫɬɧɵɯ 
ɤɨɦɩɨɡɢɰɢɣ ɜ ɬɨɦ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ 
ɫɩɟɰɢɚɥɶɧɚɹ ɫɚɠɚ, ɚ ɪɚɡɦɨɥɨɬɵɟ ɩɪɨɞɭɤɬɵ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɭɝɥɟɣ 
(ɤɨɤɫ ɩɟɤɨɜɵɣ ɢ ɞɪ.), ɚ ɜ ɤɚɱɟɫɬɜɟ ɜɹɠɭɳɟ-
ɝɨ — ɰɟɦɟɧɬ.  

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɡɚɜɢɫɢɦɨɫɬɢ ɭɞɟɥɶ-
ɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɝɥɟɪɨɞɚ ɨɬ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦɢ ɞɥɹ ɛɟɬɷɥɚ ɹɜɥɹ-
ɸɬɫɹ ɞɨɛɚɜɤɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɭɝɥɟ-
ɪɨɞɚ (ɭɝɥɟɪɨɞɢɫɬɵɟ ɞɨɛɚɜɤɢ) ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɬ 1000 ɞɨ 
2000 °ɋ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪ-
ɧɵɦ ɞɥɹ ɤɨɤɫɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɨɥɭ-
ɱɟɧɢɢ ɜɫɟɜɨɡɦɨɠɧɵɯ ɷɥɟɤɬɪɨɞɧɵɯ ɦɚɫɫ. 
Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɟɬɷɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɜ 
ɨɫɧɨɜɧɨɦ, ɤɨɤɫ ɩɟɤɨɜɵɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ 
ɫɨɛɨɣ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞ, ɨɛɪɚ-
ɡɭɸɳɢɣɫɹ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
(1300 °ɋ) ɨɛɪɚɛɨɬɤɟ ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɚɟ-
ɦɵɯ ɩɪɢ ɤɨɤɫɨɜɚɧɢɢ.  

ɐɟɦɟɧɬɧɨɟ ɜɹɠɭɳɟɟ ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ 
ɩɨɞɯɨɞɹɳɢɦ ɜɢɞɨɦ ɫɜɹɡɤɢ, ɬɚɤ ɤɚɤ ɟɝɨ 
ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ 
6-8 ɩɨɪɹɞɤɨɜ ɜɵɲɟ, ɱɟɦ ɭ ɭɝɥɟɪɨɞɚ, ɢ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɛɥɢɡɨɤ 
ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 
ɞɨɛɚɜɤɢ. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɢɧɬɟɪɜɚɥɭ ɞɨɩɭ-
ɫɬɢɦɵɯ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɨɫɬɨɣɤɨɫɬɶɸ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ 
(+150 °ɋ), ɬɚɤ ɤɚɤ ɭɝɥɟɪɨɞ ɞɨɩɭɫɤɚɟɬ 
ɧɚɝɪɟɜ ɞɨ 550 °ɋ.  

Ⱦɚɥɶɧɟɣɲɢɟ ɪɚɛɨɬɵ ɩɨ ɢɡɭɱɟɧɢɸ 
ɛɟɬɷɥɚ ɲɥɢ ɩɨ ɩɭɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɢ-
ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɨɦɩɨɡɢɰɢɢ ɜ ɰɟɥɨɦ. Ɋɚɡ-
ɥɢɱɢɟ ɜ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɥɢɧɟɣɧɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɰɟɦɟɧɬɧɨɣ ɫɜɹɡɤɢ 
ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ 
ɧɚɝɪɟɜɟ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɷɥɚ 
ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ, ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɩɨɞ-
ɬɜɟɪɞɢɥɨɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. ɏɨɬɹ ɩɨ-
ɞɨɛɧɵɟ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɧɟɠɟɥɚɬɟɥɶɧɵ, ɫɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɢɯ ɚɛɫɨɥɸɬɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɜɵ-
ɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɞɨɩɭɫɬɢɦɵɯ ɞɥɹ 
ɧɟɩɪɨɜɨɥɨɱɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɡɧɚɱɟɧɢɣ.  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɞɨɛɚɜɤɢ  
ɭɝɥɟɪɨɞɚ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɛɟɬɨɧɚ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɢ ɢɫɩɵɬɚɧɚ ɫɟɪɢɹ 
ɨɛɪɚɡɰɨɜ. ɂɡɝɨɬɨɜɥɟɧɢɟ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ 
ɛɟɬɷɥɨɜɨɣ ɫɦɟɫɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜɪɭɱɧɭɸ, 
ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ — ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɛɟɬɨ-
ɧɨɦɟɲɚɥɤɟ.  

ɂɫɫɥɟɞɨɜɚɥɨɫɶ ɨɛɴɟɦɧɨɟ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɫɠɚɬɢɢ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɨɛ-
ɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɦ ɫɨ-
ɫɬɨɹɧɢɢ ɧɚ ɩɪɟɫɫɟ ɫ ɭɫɬɚɧɨɜɤɨɣ ɧɚ 
ɩɨɞɤɥɚɞɤɭ ɢɡ ɫɬɚɧɢɨɥɹ ɢ ɪɟɡɢɧɵ ɞɥɹ ɨɛɟɫ-
ɩɟɱɟɧɢɹ ɤɨɧɬɚɤɬɚ ɩɨ ɜɫɟɦɭ ɬɨɪɰɭ ɨɛɪɚɡɰɚ. 
Ɂɚɦɟɪ ɨɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɪɚɡɰɚ 
ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɪɢ ɭɫɢɥɢɢ ɜ 1 ɝ ɫ ɩɨɦɨɳɶɸ 
ɦɨɫɬɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɍɞɟɥɶɧɨɟ ɨɛɴɟɦ-
ɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɨ ɤɭɛɢ-
ɤɨɜɨɦɭ ɩɪɢɡɦɟɧɧɨɦɭ ɨɦɢɱɟɫɤɨɦɭ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ. Ɉɛɪɚɡɰɵ ɢɡ ɦɟɥɤɨɡɟɪɧɢ-
ɫɬɨɝɨ ɛɟɬɷɥɚ ɩɨɫɥɟ ɡɚɦɟɪɚ ɨɦɢɱɟɫɤɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɲɟɫɬɢ ɨɛɪɚɡɰɨɜ — ɤɭɛɨɜ ɢ 
ɩɪɢɡɦɵ — ɢɫɩɵɬɵɜɚɥɢɫɶ ɧɚ ɫɠɚɬɢɟ ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 5802–51. 

Ɉɛɪɚɡɰɵ ɢɡ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɝɨ ɛɟɬɷɥɚ ɢɫ-
ɩɵɬɵɜɚɥɢɫɶ ɧɚ ɩɪɨɱɧɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 10180–62 ɤɚɤ ɞɥɹ 
ɨɛɵɱɧɨɝɨ ɬɹɠɟɥɨɝɨ ɛɟɬɨɧɚ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɧɨɝɨ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟ-
ɪɨɞɚ. Ⱥɧɚɥɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɨɱɟɧɶ ɜɚɠɧɵɟ ɜɵɜɨɞɵ ɨ 
ɬɨɦ, ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ 
ɭɝɥɟɪɨɞɚ ɜ ɫɦɟɫɢ (420–450 ɤɝ/ɦ) ɩɪɨɢɫɯɨ-
ɞɢɬ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɤɚɱɨɤ ɜ ɫɜɨɣɫɬɜɚɯ 
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ɛɟɬɷɥɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɪ ɦɟɧɹɟɬɫɹ ɩɨɱɬɢ ɧɚ 
ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ, ɚ ɡɚɬɟɦ ɭɠɟ ɢɡɦɟɧɹɟɬɫɹ 
ɦɚɥɨ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɜ ɷɬɨɬ ɦɨɦɟɧɬ ɜ ɛɟ-
ɬɨɧɟ ɫɨɡɞɚɸɬɫɹ ɧɟɩɪɟɪɵɜɧɵɟ ɭɫɬɨɣɱɢɜɵɟ 
ɰɟɩɨɱɤɢ ɢɡ ɭɝɥɟɪɨɞɚ. Ɉɛ ɷɬɨɦ ɠɟ ɝɨɜɨɪɢɬ ɢ 
ɧɟɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɞɚɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɞɥɹ 
ɛɟɬɷɥɚ ɫ ɭɤɚɡɚɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ.  

ɉɨ ɢɦɟɸɳɢɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɞɚɧɧɵɦ ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɢɡɭɱɢɬɶ ɜɨɩɪɨɫ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɩɥɢɬ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɯ ɩɨɞ 
ɧɚɝɪɭɡɤɨɣ, ɬ. ɟ. ɜɨɩɪɨɫ ɫɬɚɪɟɧɢɹ (ɫɬɚɪɟɧɢ-
ɟɦ ɫɱɢɬɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɨɦɢɱɟɫɤɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ). Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɡɹɬɵ 
ɨɞɧɨɫɥɨɣɧɵɟ ɩɥɢɬɵ. Ɂɚ ɜɪɟɦɹ ɨɩɵɬɚ ɜ ɬɟ-
ɱɟɧɢɟ ɞɜɭɯ ɦɟɫɹɰɟɜ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɨɤɚɡɚ-
ɥɨɫɶ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɥɢɬ ɧɟ ɬɨɥɶɤɨ ɧɟ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɤɚɤ ɨɠɢɞɚɥɨɫɶ, ɚ ɭɦɟɧɶɲɚ-
ɟɬɫɹ, ɢ ɞɨɜɨɥɶɧɨ ɡɧɚɱɢɬɟɥɶɧɨ, ɜ ɫɪɟɞɧɟɦ ɧɚ 
5–7 %. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɩɨɥɭɱɟɧɢɟ 
ɩɥɢɬ–ɩɚɧɟɥɟɣ ɫɨ ɫɬɚɛɢɥɶɧɵɦɢ ɜɨ ɜɪɟɦɟɧɢ 
ɫɜɨɣɫɬɜɚɦɢ ɜɨɡɦɨɠɧɨ, ɢ ɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜ ɭɫɥɨɜɢɹɯ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɭɞɟɬ 
ɫɨɯɪɚɧɹɬɶɫɹ.  

ɉɨɜɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 
ɨɛɪɚɡɰɚɯ–ɰɢɥɢɧɞɪɚɯ ɞɢɚɦɟɬɪɨɦ 60 ɦɦ ɫ 
ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɮɥɚɧɰɚɦɢ. ɗɬɢ ɢɫɩɵɬɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɛɨɥɟɟ ɠɟɫɬɤɨɦɭ ɪɟɠɢɦɭ 
(ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ) ɢ ɩɨɤɚɡɚɥɢ ɭɜɟɥɢɱɟ-
ɧɢɟ ɜɟɥɢɱɢɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɬɟɱɟɧɢɟ 25 
ɰɢɤɥɨɜ ɞɨ 6–10 %. Ɉɞɧɚɤɨ ɩɨɥɧɨɫɬɶɸ ɨɬ-
ɧɟɫɬɢ ɷɬɨ ɤ ɫɬɚɪɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɧɟɥɶɡɹ, ɬɚɤ 
ɤɚɤ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɢɡ-ɡɚ ɛɨɥɶɲɢɯ ɤɨɥɟɛɚ-
ɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɬɟɬ ɤɨɧ-
ɬɚɤɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɞ ɮɥɚɧɰɟɦ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɛɟɬɷɥ ɢɦɟɟɬ ɫɬɚɛɢɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟ ɩɪɟɜɵ-
ɲɚɟɬ 5 %.  

ȼ ɫɨɫɬɚɜ ɛɟɬɷɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ 
ɢ ɧɚɡɧɚɱɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɜɜɨɞɹɬ ɦɟɥɤɢɣ ɢ 
ɤɪɭɩɧɵɣ ɡɚɩɨɥɧɢɬɟɥɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɛɟɬɷɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɶ 
ɛɟɬɨɧɚ ɫ ɦɢɤɪɨɧɚɩɨɥɧɢɬɟɥɟɦ. Ɉɫɧɨɜɧɵɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɛɟɬɷɥɚ, ɤɚɤ ɷɬɨ ɜɵɬɟɤɚɟɬ ɢɡ 
ɟɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞ-
ɧɨɫɬɶ ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ.  

ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɪɨɜɨɞɹɳɟɝɨ ɦɚɬɟ-

ɪɢɚɥɚ ɛɭɞɟɬ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɟɬɶ ɨɬ 
ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɜɨɞɹɳɟɣ ɮɚɡɵ, 
ɟɟ ɝɪɚɧɭɥɨɦɟɬɪɢɢ ɢɥɢ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɢ, ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɫɚɦɨɝɨ ɭɝɥɟɪɨɞɚ ɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɜɨɞɵ ɜ ɛɟɬɷɥɨɜɨɣ ɫɦɟɫɢ. ɉɪɢ ɪɚɛɨɬɟ ɫ ɨɞ-
ɧɢɦ ɜɢɞɨɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɢ ɨɩɪɟ-
ɞɟɥɟɧɧɨɣ ɟɝɨ ɝɪɚɧɭɥɨɦɟɬɪɢɟɣ ɪɟɲɟɧɢɟ 
ɡɚɞɚɱɢ ɫɜɨɞɢɬɫɹ ɩɪɢ ɡɚɞɚɧɧɨɦ ɤɨɧɟɱɧɨɦ 
ɭɞɟɥɶɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɛɟɬɷɥɚ ɤ ɧɚɯɨɠ-
ɞɟɧɢɸ ɧɟɨɛɯɨɞɢɦɨɣ ɨɛɴɟɦɧɨɣ  ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɭɝɥɟɪɨɞɚ ɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɜɨɞɵ.  

ɉɪɨɜɨɞɹɳɢɟ ɱɚɫɬɢɰɵ ɢ ɜɨɥɨɤɧɚ ɞɨɛɚɜ-
ɥɹɸɬɫɹ ɤ ɨɛɵɱɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ ɛɟɬɨɧɚ 
ɩɪɢ ɟɝɨ ɡɚɬɜɨɪɟɧɢɢ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɫɩɨ-
ɫɨɛɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɜɨɞɹɳɟɝɨ ɛɟɬɨɧɚ. 
ɉɟɪɜɵɣ – ɷɬɨ ɬɪɚɞɢɰɢɨɧɧɨɟ ɫɦɟɲɢɜɚɧɢɟ, 
ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɜɵɫɨɤɨɝɨ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 
ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ. ȼɬɨɪɨɣ — 

ɷɬɨ ɫɭɫɩɟɧɡɢɨɧɧɚɹ ɢɧɮɢɥɶɬɪɚɰɢɹ. ɗɬɨɬ 
ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɢ ɢɡɝɢɛ, ɚ ɬɚɤɠɟ ɛɨ-
ɥɟɟ ɧɢɡɤɨɝɨ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  

ɉɪɨɜɨɞɹɳɢɣ ɛɟɬɨɧ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢ-
ɚɥɚ ɢ ɫɨɱɟɬɚɬɶ ɟɝɨ ɫ ɨɛɵɱɧɵɦ ɛɟɬɨɧɨɦ. 
Ɍɪɚɞɢɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɫɦɟɲɢɜɚɧɢɹ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɢɦɟɧɟɧ, ɟɫɥɢ ɫɨɞɟɪɠɚɧɢɟ ɨɛɵɱɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɛɟɬɨɧɚ ɧɟ ɛɭɞɟɬ ɧɢɠɟ 70 %.  

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɩɪɨɜɨɞɹɳɟɣ ɮɚɡɵ ɜ 
ɛɟɬɷɥɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɭɝ-
ɥɟɪɨɞɰɟɦɟɧɬ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɞɜɢɠɤɢ ɤ 
ɪɚɡɞɜɢɠɤɟ ɡɟɪɟɧ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɢ 
ɟɝɨ ɩɭɫɬɨɬɧɨɫɬɢ.  

ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɨ ɜɵɹɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɛɟɬɷɥɚ ɨɬ ɜɨɞɵ ɡɚɬɜɨɪɟɧɢɹ. ɐɟɦɟɧɬ ɢ ɭɝɥɟ-
ɪɨɞ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɫɦɟɫɢ — ɷɬɨ ɫɢɥɶ-
ɧɨɞɢɫɩɟɪɫɧɵɟ ɝɢɞɪɨɮɢɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ 
ɞɥɹ ɩɪɢɞɚɧɢɹ ɫɦɟɫɢ ɧɟɨɛɯɨɞɢɦɨɣ ɩɨɞɜɢɠ-
ɧɨɫɬɢ. Ɍɪɟɛɭɟɬɫɹ ɜɜɟɫɬɢ ɜ ɧɟɟ ɡɧɚɱɢɬɟɥɶ-
ɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ. ɉɪɢ ɷɬɨɦ 
ɩɨɞɜɢɠɧɨɫɬɶ ɛɟɬɷɥɨɜɨɣ ɫɦɟɫɢ ɧɟ ɹɜɥɹɟɬɫɹ 
ɮɭɧɤɰɢɟɣ ɜɨɞɨɰɟɦɟɧɬɧɨɝɨ ɨɬɧɨɲɟɧɢɹ, ɬɚɤ 
ɤɚɤ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɭɝɥɟɪɨɞ–
ɰɟɦɟɧɬ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɬɨɣ ɠɟ ɩɨɞɜɢɠɧɨ-
ɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɦɟɧɹɬɶ ȼ/ɐ ɜ ɡɧɚɱɢɬɟɥɶ-
ɧɵɯ ɩɪɟɞɟɥɚɯ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɢ 
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ɩɪɟɜɵɲɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɟɞɟɥɚ ɫɨ-
ɞɟɪɠɚɧɢɹ ɜɨɞɵ ɜ ɫɦɟɫɢ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɧɟɢɡ-
ɦɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɭɝɥɟɪɨɞɚ.  

ɉɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɟɬɷɥɚ, 
ɩɨ-ɜɢɞɢɦɨɦɭ, ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɬɟɯ ɠɟ 
ɮɚɤɬɨɪɨɜ, ɱɬɨ ɢ ɞɥɹ ɨɛɵɱɧɨɝɨ ɛɟɬɨɧɚ, ɬ. ɟ. 
ɨɬ ɦɚɪɤɢ ɰɟɦɟɧɬɚ ɢ ɜɨɞɨɰɟɦɟɧɬɧɨɝɨ ɨɬɧɨ-
ɲɟɧɢɹ. Ɉɞɧɚɤɨ ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɫɜɹɡɢ ɫ 
ɧɚɥɢɱɢɟɦ ɜ ɫɢɫɬɟɦɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɬɨɧɤɨɞɢɫɩɟɪɫɧɨɝɨ ɭɝɥɟɪɨɞɚ ɛɭɞɟɬ ɛɨ-
ɥɟɟ ɫɥɨɠɧɨɣ ɢ ɟɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ 
ɜ ɞɚɥɶɧɟɣɲɟɦ.  

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɛɟɬɷɥɨɜɨɣ 
ɫɦɟɫɢ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɜɟɫɬɢ, ɩɨɥɶ-
ɡɭɹɫɶ ɦɟɬɨɞɨɦ ɚɛɫɨɥɸɬɧɵɯ ɨɛɴɟɦɨɜ. ɋɨ-
ɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɫɦɟɫɢ ɧɟɨɛɯɨɞɢɦɨ 
ɨɩɪɟɞɟɥɹɬɶ ɜ ɤɚɠɞɨɦ ɨɬɞɟɥɶɧɨɦ ɫɥɭɱɚɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɞɨɛɢɜɚɹɫɶ ɡɚɞɚɧɧɨɣ 
ɜɟɥɢɱɢɧɵ ɭɞɨɛɨɭɤɥɚɞɵɜɚɟɦɨɫɬɢ.  

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɛɟɬɷɥɨɜɨɣ ɫɦɟɫɢ 
ɨɫɥɨɠɧɟɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɵɦɢ ɛɟ-
ɬɨɧɧɵɦɢ ɢ ɪɚɫɬɜɨɪɧɵɦɢ ɬɟɦ ɨɛɫɬɨɹɬɟɥɶ-
ɫɬɜɨɦ, ɱɬɨ ɜ ɧɟɟ ɜɜɨɞɢɬɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɬɨɧɤɨɞɢɫɩɟɪɫɧɨɣ ɩɪɨɜɨɞɹɳɟɣ 
ɮɚɡɵ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɦɚɤɫɢɦɚɥɶɧɨ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɜɫɟɦɭ ɟɟ ɨɛɴ-
ɟɦɭ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɛɟɬɷɥ, ɩɨɥɭɱɟɧ-
ɧɵɣ ɢɡ ɷɬɨɣ ɫɦɟɫɢ, ɛɭɞɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨ 
ɨɞɧɨɪɨɞɟɧ, ɱɬɨ ɦɨɠɟɬ ɪɟɡɤɨ ɫɧɢɡɢɬɶ ɟɝɨ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɥɢ 
ɜɨɨɛɳɟ ɫɞɟɥɚɬɶ ɧɟɜɨɡɦɨɠɧɵɦ ɟɝɨ ɩɪɢɦɟ-
ɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɟɝɨ ɦɚ-
ɬɟɪɢɚɥɚ.  

ɇɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɝɨɬɨɜɥɟ-
ɧɢɟ ɛɟɬɷɥɨɜɨɣ ɫɦɟɫɢ ɜɟɫɬɢ ɩɪɢ ɩɨɦɨɳɢ 
ɚɝɪɟɝɚɬɨɜ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜ 
ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɉɬɞɨɡɢ-
ɪɨɜɚɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɡɚɝɪɭɠɚɸɬɫɹ ɜ ɦɟ-
ɲɚɥɤɭ, ɝɞɟ ɩɟɪɟɦɟɲɢɜɚɸɬɫɹ ɜɫɭɯɭɸ ɧɟ 
ɦɟɧɟɟ 3 ɦɢɧ. Ɂɚɬɟɦ ɬɭɞɚ ɧɚɥɢɜɚɟɬɫɹ ɜɨɞɚ ɢ 
ɫɦɟɲɟɧɢɟ ɩɪɨɞɨɥɠɚɟɬɫɹ ɟɳɟ ɧɟ ɦɟɧɟɟ 3 
ɦɢɧ. ɋɦɟɫɶ ɢɡ ɪɚɫɬɜɨɪɨɦɟɲɚɥɤɢ ɜɵɝɪɭɠɚ-
ɟɬɫɹ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɤ ɦɟɫɬɭ ɭɤɥɚɞɤɢ. 
ɉɨɫɥɟ ɨɫɜɨɛɨɠɞɟɧɢɹ ɪɚɫɬɜɨɪɨɦɟɲɚɥɤɢ ɨɬ 
ɛɟɬɷɥɨɜɨɣ ɫɦɟɫɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ 
ɟɟ ɬɳɚɬɟɥɶɧɭɸ ɨɱɢɫɬɤɭ ɢ ɩɪɨɦɵɜɤɭ. 
ɍɩɥɨɬɧɟɧɢɟ ɫɦɟɫɢ ɜ ɮɨɪɦɚɯ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɧɚ ɫɬɚɧɞɚɪɬɧɵɯ ɜɢɛɪɨɩɥɨɳɚɞɤɚɯ ɢɥɢ ɫ ɩɨ-
ɦɨɳɶɸ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢɥɢ ɝɥɭɛɢɧɧɵɯ 

ɜɢɛɪɚɬɨɪɨɜ. Ʉɨɧɬɪɨɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ 
ɩɪɨɱɧɨɫɬɢ ɛɟɬɷɥɚ ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɨɛɪɚɡɰɚɯ 
ɫɬɚɧɞɚɪɬɧɨɝɨ ɞɥɹ ɛɟɬɨɧɚ ɪɚɡɦɟɪɚ ɩɨ ɫɭɳɟ-
ɫɬɜɭɸɳɢɦ ȽɈɋɌ. Ɋɟɠɢɦ ɬɜɟɪɞɟɧɢɹ ɢɡɞɟ-
ɥɢɣ ɩɨɞɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɢɦɟɸɳɢɯɫɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɣ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ, ɩɪɢ ɷɬɨɦ ɨɩɬɢ-
ɦɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɨɛɪɚ-
ɛɨɬɤɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ.  

Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ 
ɛɟɬɷɥɚ ɫ ɦɟɥɤɢɦ ɡɚɩɨɥɧɢɬɟɥɟɦ ɩɪɨɢɡɜɨ-
ɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ:  

– ɨɛɪɚɛɨɬɤɚ ɩɪɨɜɨɞɹɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ –
 ɞɪɨɛɥɟɧɢɟ, ɜɢɛɪɨɩɨɦɨɥ, ɨɬɫɟɜ ɤɪɭɩɧɨɣ 
ɮɪɚɤɰɢɢ ɢ ɜɟɫɨɜɚɹ ɞɨɡɢɪɨɜɤɚ;  
– ɨɛɪɚɛɨɬɤɚ ɢ ɜɟɫɨɜɚɹ ɞɨɡɢɪɨɜɤɚ ɤɜɚɪ-
ɰɟɜɨɝɨ ɩɟɫɤɚ;  
– ɜɟɫɨɜɚɹ ɞɨɡɢɪɨɜɤɚ ɰɟɦɟɧɬɚ;  
– ɫɭɯɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɬɪɟɯ ɢɫɯɨɞɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ;  
– ɜɟɫɨɜɚɹ ɞɨɡɢɪɨɜɤɚ ɜɨɞɵ;  
– ɜɥɚɠɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɫɦɟɫɢ;  
– ɭɤɥɚɞɤɚ (ɮɨɪɦɨɜɤɚ) ɛɟɬɷɥɨɜɨɣ ɫɦɟɫɢ 
ɢ ɟɟ ɭɩɥɨɬɧɟɧɢɟ;  
– ɜɵɞɟɪɠɤɚ ɢɡɞɟɥɢɣ ɩɟɪɟɞ ɬɟɩɥɨɜɨɣ 
ɨɛɪɚɛɨɬɤɨɣ;  
– ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ;  
– ɪɚɫɩɚɥɭɛɤɚ ɢ ɞɨɜɨɞɤɚ ɢɡɞɟɥɢɣ;  
– ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɢɡɞɟɥɢɣ ɢ ɢɯ ɫɤɥɚ-
ɞɢɪɨɜɚɧɢɟ.  
Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ 

ɛɟɬɷɥɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɢɱɟɦ ɧɟ ɨɬɥɢɱɚɟɬ-
ɫɹ ɨɬ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢɡ ɨɛɵɱɧɨɝɨ ɛɟɬɨɧɚ, ɞɨɩɨɥɧɹɹɫɶ ɥɢɲɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɧɢɬɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɢ 
ɞɨɡɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ, ɚ 
ɬɚɤɠɟ, ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɞɥɹ ɪɹɞɚ 
ɢɡɞɟɥɢɣ — ɨɩɟɪɚɰɢɹɦɢ ɩɨ ɢɯ ɫɩɟɰɢɚɥɶɧɨɣ 
ɞɨɜɨɞɤɟ (ɧɚɧɟɫɟɧɢɟ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, 
ɭɫɬɚɧɨɜɤɚ ɷɥɟɤɬɪɨɞɨɜ ɢ ɞɪ.). ɋɥɟɞɭɟɬ ɬɚɤ-
ɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟ-
ɥɢɣ ɢɡ ɛɟɬɷɥɚ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɸɬ ɬɪɟɛɨɜɚɧɢɹ 
ɤ ɤɭɥɶɬɭɪɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɤ ɬɨɱɧɨɫɬɢ ɜɵ-
ɩɨɥɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɤ ɞɨɡɢɪɨɜɤɟ ɜɨɞɵ, ɬɚɤ ɤɚɤ ɩɪɢ ɟɟ 
ɧɚɪɭɲɟɧɢɢ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɢɬɶɫɹ 
ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ 
ɢɡɞɟɥɢɟ ɧɭɠɧɨɝɨ ɤɚɱɟɫɬɜɚ ɧɟ ɛɭɞɟɬ ɩɨɥɭ-
ɱɟɧɨ.  
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ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱ-
ɧɨɫɬɧɵɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɛɟɬɷɥɚ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɫ 
ɛɨɥɶɲɢɦ ɞɢɚɩɚɡɨɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɟ-
ɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ.  

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢ-
ɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɟɬɷɥɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛ-
ɥɢɰɟ 5. 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  5   

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɧ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɟɬɷɥɨɜ 

ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ-ɫɦ  10—104 

ɉɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ, ɤɝ/ɫɦ2  85—250 

ɉɪɨɱɧɨɫɬɶ ɧɚ ɪɚɫɬɹɠɟɧɢɟ, ɝ∙ɫ/ɫɦ2  15—30 

Ɉɛɴɟɦɧɵɣ ɜɟɫ, ɝ/ɫɦɁ  1,8—2,2 

Ⱦɨɩɭɫɬɢɦɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɚ ɫɦ2  10—0,1 

Ɋɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪɵ, °ɋ  -60—100 

Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɜɚ, °ɋ  120 

Ⱦɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɝɪɟɜɚ, °ɋ/ɫɟɤ  200 

ɍɞɟɥɶɧɚɹ ɪɚɡɪɭɲɚɸɳɚɹ ɷɧɟɪɝɢɹ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ ɜɤɥɸɱɟɧɢɢ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɜ;-ɫɟɤ ɫɦ'5  230—300 

ɍɞɟɥɶɧɵɣ ɨɛɴɟɦ. ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɪɚɫɫɟɢɜɚɧɢɹ ɷɧɟɪɝɢɢ 1 Ɇ ɜ!-ɫɟɤ ɩɪɢ ɩɟɪɟ! ɪɟɜɟ ɧɚ 1ɋɋ 0,57 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɤɚɥ 1-1 ɪɚɞ  0,22 

Эɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɩɨɤɪɵɬɢɹ  
ɂɡɜɟɫɬɧɵ ɫɨɫɬɚɜɵ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ 

ɤɥɟɟɜ ɢ ɲɩɚɤɥɟɜɨɤ, ɫɜɹɡɭɸɳɢɦ ɜɟɳɟɫɬɜɨɦ 
ɞɥɹ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɤɚɥɢɟɜɨɟ ɠɢɞɤɨɟ 
ɫɬɟɤɥɨ. ɇɟɞɨɫɬɚɬɤɨɦ ɭɤɚɡɚɧɧɵɯ ɫɨɫɬɚɜɨɜ 
ɹɜɥɹɟɬɫɹ ɨɫɨɛɟɧɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜ-
ɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɜɟɪɠɞɟɧɢɢ 
ɫɨɫɬɚɜɚ ɫ ɩɨɦɨɳɶɸ ɜɵɞɟɪɠɤɢ ɟɝɨ ɩɪɢ ɜɵ-
ɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 300 ºɋ. Ɍɚɤɚɹ ɬɟɯɧɨ-
ɥɨɝɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɩɨɤɪɵɬɢɹ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ.  

ɂɡɜɟɫɬɧɚ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɚɹ ɰɢɧɤɫɢɥɢ-
ɤɚɬɧɚɹ ɤɪɚɫɤɚ ȼ-ɀɋ-41, ɪɚɡɪɚɛɨɬɚɧɧɚɹ 
ɅɇɉɈ ɉɢɝɦɟɧɬ. Ɉɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ 
ɬɪɟɯ ɤɨɦɩɨɧɟɧɬɨɜ: ɨɫɧɨɜɚ (ɠɢɞɤɨɟ ɤɚɥɢɟ-
ɜɨɟ ɫɬɟɤɥɨ), ɩɢɝɦɟɧɬɧɚɹ ɫɦɟɫɶ (ɚɥɸɦɢɧɢɟ-
ɜɵɣ ɩɨɪɨɲɨɤ ɢ ɤɚɨɥɢɧ) ɢ ɩɨɪɨɲɨɤ ɰɢɧɤɚ. 
ɇɚɡɧɚɱɟɧɢɟ ɤɪɚɫɤɢ — ɫɨɡɞɚɧɢɟ ɩɪɨɬɟɤɬɨɪ-
ɧɨɣ ɡɚɳɢɬɵ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. Ʉ 
ɧɟɞɨɫɬɚɬɤɚɦ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɫɥɟɞɭɟɬ ɨɬɧɟ-
ɫɬɢ ɧɚɥɢɱɢɟ ɬɪɺɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɱɬɨ ɭɫɥɨɠ-
ɧɹɟɬ ɬɟɯɧɨɥɨɝɢɸ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɪɚɫɤɢ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɫɨɡɞɚɧɢɢ ɤɪɚɫɤɢ ɧɟ ɫɬɨɹɥɚ 
ɡɚɞɚɱɚ ɞɨɫɬɢɠɟɧɢɹ ɧɢɡɤɢɯ ɜɟɥɢɱɢɧ ɭɞɟɥɶ-
ɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɜɨɡ-
ɦɨɠɧɨɫɬɢ ɧɚɧɟɫɟɧɢɹ ɞɚɧɧɨɣ ɤɪɚɫɤɢ ɧɚ 
ɛɟɬɨɧ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɱɧɵɯ ɩɥɟɧɨɤ ɜ ɫɢ-
ɥɢɤɚɬɧɵɯ ɤɪɚɫɤɚɯ ɧɚ ɨɫɧɨɜɟ ɤɚɥɢɟɜɨɝɨ 
ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɢɝɦɟɧɬɵ ɢ 

ɧɚɩɨɥɧɢɬɟɥɢ, ɤɨɬɨɪɵɟ ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɪɚɡ-
ɞɟɥɹɸɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: ɜɵɫɨɤɨ-
ɚɤɬɢɜɧɵɟ, ɚɤɬɢɜɧɵɟ, ɩɨɧɢɠɟɧɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ, ɩɚɫɫɢɜɧɵɟ, ɧɟɣɬɪɚɥɶɧɵɟ.  

ȼɵɫɨɤɨɚɤɬɢɜɧɵɟ ɩɢɝɦɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ 
ɢɡɜɟɫɬɶ-ɩɭɲɟɧɤɚ, ɨɤɢɫɶ ɦɚɝɧɢɹ, ɫɭɪɢɤ 
ɫɜɢɧɰɨɜɵɣ, ɛɟɥɢɥɚ ɫɜɢɧɰɨɜɵɟ, ɧɟ ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɫɢɥɢɤɚɬɧɵɯ ɤɪɚɫɤɚɯ, ɬɚɤ 
ɤɚɤ ɨɧɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɛɵɫɬɪɨɦɭ ɫɜɟɪɬɵɜɚ-
ɧɢɸ ɫɬɟɤɥɚ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɸ ɨɛɪɚɡɨ-
ɜɚɜɲɟɝɨɫɹ ɝɟɥɹ ɜɨɤɪɭɝ ɤɨɦɨɱɤɨɜ.  

ȼ ɞɚɥɶɧɟɣɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ 
ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɥɧɢɬɟɥɢ ɢ ɩɢɝɦɟɧɬɵ: ɚɤ-
ɬɢɜɧɵɟ — ɛɟɥɢɥɚ ɰɢɧɤɨɜɵɟ, ɨɤɢɫɶ ɰɢɧɤɚ, 
ɰɢɧɤɨɜɚɹ ɩɵɥɶ, ɚɥɸɦɢɧɢɟɜɚɹ ɩɭɞɪɚ, ɞɨɥɨ-
ɦɢɬ, ɦɚɪɲɚɥɢɬ ɩɨɧɢɠɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ — 

ɦɟɥ, ɠɟɥɟɡɨɨɤɢɫɧɵɟ ɩɢɝɦɟɧɬɵ, ɬɚɥɶɤ.  
ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, 

ɧɚɢɛɨɥɟɟ ɚɬɦɨɫɮɟɪɨɫɬɨɣɤɢɦɢ ɹɜɥɹɸɬɫɹ 
ɩɨɤɪɵɬɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɣ ɩɢɝɦɟɧɬɧɨɣ 
ɫɦɟɫɢ ɧɚɩɨɥɧɢɬɟɥɢ ɢ ɩɢɝɦɟɧɬɵ, ɤɚɤ ɚɤɬɢɜ-
ɧɵɟ, ɬɚɤ ɢ ɩɨɧɢɠɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɩɪɢ 
ɩɪɢɦɟɪɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 1:5.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɤɪɵɬɢɣ ɫ ɭɞɟɥɶɧɵɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 0,02 Ɉɦ·ɦ ɧɟɨɛɯɨɞɢɦɨ ɧɟ 
ɦɟɧɟɟ ɤɨɥɥɨɢɞɧɨɝɨ ɝɪɚɮɢɬɚ  
ɋ-1-40-50 ɨɛ. %, ɤɚɧɚɥɶɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɝɥɟɪɨɞɚ ȾȽ-100 ɢɥɢ ɫɦɟɫɢ ɷɬɢɯ ɧɚɩɨɥɧɢ-
ɬɟɥɟɣ. Ɉɞɧɚɤɨ ɝɪɚɮɢɬ ɢ ɫɚɠɚ ɨɬɧɨɫɹɬɫɹ ɤ 
ɝɪɭɩɩɟ ɩɢɝɦɟɧɬɨɜ ɢ ɧɚɩɨɥɧɢɬɟɥɟɣ 
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ɧɟɣɬɪɚɥɶɧɵɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɚɥɢɟɜɨɦɭ 
ɠɢɞɤɨɦɭ ɫɬɟɤɥɭ. Ɉɧɢ ɧɟ ɫɩɨɫɨɛɧɵ ɜɫɬɭ-
ɩɚɬɶ ɜ ɪɟɚɤɰɢɸ ɫ ɠɢɞɤɢɦ ɫɬɟɤɥɨɦ ɢɥɢ ɫɨɪ-
ɛɢɪɨɜɚɬɶ ɧɚ ɫɜɨɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɥɟɤɭɥɵ 
ɫɢɥɢɤɨɝɟɥɹ, ɩɨɷɬɨɦɭ ɜ ɢɯ ɩɪɢɫɭɬɫɬɜɢɢ 
ɜɧɭɬɪɟɧɧɹɹ ɫɬɪɭɤɬɭɪɚ ɩɨɤɪɵɬɢɹ ɫɬɚɧɨɜɢɬ-
ɫɹ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɨɣ ɤ ɞɟɣɫɬɜɢɸ ɚɬɦɨ-
ɫɮɟɪɧɵɯ ɮɚɤɬɨɪɨɜ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɜ 
ɤɚɱɟɫɬɜɟ ɱɟɪɧɨɝɨ ɩɢɝɦɟɧɬɚ ɜ ɫɢɥɢɤɚɬɧɵɯ 
ɤɪɚɫɤɚɯ ɜ ɧɟɤɨɬɨɪɵɯ ɪɚɛɨɬɚɯ ɪɟɤɨɦɟɧɞɭɟɬ-
ɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɚɠɭ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɸɬ ɧɟɨɞɧɨ-
ɡɧɚɱɧɵɟ ɦɧɟɧɢɹ ɩɨ ɩɨɜɨɞɭ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɩɢɝɦɟɧ-
ɬɨɜ ɜ ɫɢɥɢɤɚɬɧɵɯ ɫɨɫɬɚɜɚɯ, ɩɨɷɬɨɦɭ ɫɱɢɬɚ-

ɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɨɜɟɞɟɧɢɟ ɞɚɥɶɧɟɣ-
ɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ 
ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɦɢ ɩɢɝɦɟɧɬɚɦɢ ɜ ɫɦɟɫɢ 
ɫ ɞɪɭɝɢɦɢ ɚɤɬɢɜɧɵɦɢ ɩɢɝɦɟɧɬɚɦɢ ɢ 
ɧɚɩɨɥɧɢɬɟɥɹɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɤɪɵɬɢɣ 
ɩɨɜɵɲɟɧɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɜɵɫɨ-
ɤɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɜ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢ-
ɹɯ.  

Ⱦɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɚ ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɹɳɟɣ ɤɪɚɫɤɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɚ-
ɬɟɧɬɨɜ ɫ ɩɨɤɪɵɬɢɹɦɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɦɟɪɨɜ 
ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɧɵɯ ɷɥɟɤɬɪɨɩɪɨɜɨ-
ɞɹɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɬɚɛɥ. 6). 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  6  

Эɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɤɪɚɫɤɢ, ɢɯ ɫɨɫɬɚɜɵ ɢ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

№ ɋɨɫɬɚɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɟɣ ɤɪɚɫɤɢ Ɋ, Ɉɦ·ɦ 
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ɗɩɨɤɫɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ 8 – 20, ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ 11 – 39, ɨɬɜɟɪɞɢɬɟɥɶ 
ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɨɫɬɚɥɶɧɨɟ. ɍɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɦɟɫɶ ɝɪɚɮɢɬɚ ɢ ɫɚɠɢ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 0,1:1,0. 
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2 

ɋɜɹɡɭɸɳɟɟ – ɛɭɬɚɞɢɟɧ-ɫɬɢɪɨɥɶɧɵɣ ɬɟɪɦɨɷɥɚɫɬɨɩɥɚɫɬ ȾɋɌ-30-100 ɦɚɫ.ɱ., ɫɦɟɫɶ ɩɟɱɧɨɣ 
ɫɚɠɢ ɉɆɗ-80 ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɣ ɫɚɠɢ «ɏɟɡɚɤɚɪɛ ɗɐ» ɫ ɭɞɟɥɶɧɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ 900 ɦ2/ɝ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:(1-2) 26 – 30 ɦɚɫ.ɱ. ɢ ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ 
600 – 700 ɦɚɫ.ɱ. 

0,63 10
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 – 

3,0 10
-4 

3 

ɋɜɹɡɭɸɳɟɟ – ɯɥɨɪɫɭɥɶɮɢɪɨɜɚɧɧɵɣ ɩɨɥɢɷɬɢɥɟɧ 6 – 9, ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ 
0,6 – 11, ɨɬɜɟɪɞɢɬɟɥɶ ɚɦɢɧɧɨɝɨ ɬɢɩɚ 4,5 – 7 , ɢ ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ – ɨɫɬɚɥɶɧɨɟ. 
ɍɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ – ɫɚɠɚ ɢ ɝɪɚɮɢɬ ɫ ɦɚɫɫɨɜɵɦ ɨɬɧɨɲɟɧɢɟɦ 0,05 – 0,1. 

10 - 1 

4 

ɋɢɧɬɟɬɢɱɟɫɤɨɟ ɩɨɥɢɦɟɪɧɨɟ ɫɜɹɡɭɸɳɟɟ (ɩɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧ ɢɥɢ ɩɨɥɢɬɪɢɮɬɨɪɷɬɢɥɟɧ) 6 
– 9, ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ 0,6 – 11 ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɨɫɬɚɥɶɧɨɟ. 
ɍɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ - ɫɚɠɚ ɢ ɝɪɚɮɢɬ ɫ ɦɚɫɫɨɜɵɦ ɨɬɧɨɲɟɧɢɟɦ 0,05 – 0,1.  

1 – 0,1 

5 

ɋɢɧɬɟɬɢɱɟɫɤɨɟ ɩɨɥɢɦɟɪɧɨɟ ɫɜɹɡɭɸɳɟɟ (ɩɨɥɢɦɟɬɢɥɮɟɧɢɥɫɢɥɨɤɫɚɧɵ) 7 – 17, 

ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ 0,7 – 16,1, ɨɬɜɟɪɞɢɬɟɥɶ 2,5 – 5,5, ɨɪɝɚɧɢɱɟɫɤɢɣ 
ɪɚɫɬɜɨɪɢɬɟɥɶ ɨɫɬɚɥɶɧɨɟ. ɍɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ – ɫɦɟɫɶ ɝɪɚɮɢɬɚ ɫ ɫɚɠɟɣ  ɩɪɢ 
ɦɚɫɫɨɜɨɦ ɨɬɧɨɲɟɧɢɢ ɫɚɠɢ ɤ ɝɪɚɮɢɬɭ 0,05 – 0,1. 

10
-1 

 10
-2

 

6 

ɉɥɟɧɤɨɨɛɪɚɡɭɸɳɢɣ ɫɨɩɨɥɢɦɟɪ 13,0 – 15,0 ɩɨɪɨɲɨɤ ɝɪɚɮɢɬɚ 15,5 – 20, ɩɨɪɨɲɨɤ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ (ɫɚɠɚ) 7,5 – 10, ɩɨɪɨɲɨɤ ɤɚɪɛɨɧɢɥɶɧɨɝɨ ɠɟɥɟɡɚ 3,0 – 4,0, 

ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ – ɨɫɬɚɥɶɧɨɟ. 
1  10

-2 

7 

ɋɢɥɢɤɚɬɧɚɹ ɤɪɚɫɤɚ ȼ-ɀɋ-41. Ʉɚɥɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ ɩɥɨɬɧɨɫɬɶɸ 1,31 – 1,35 ɝ/ɫɦ3
, 

ɰɢɧɤɨɜɵɣ ɩɨɪɨɲɨɤ  ɦɚɪɨɤ ɉɐ-1 ɢ ɉɐ-2, ɩɢɤɫɨɬɪɨɩɧɚɹ ɞɨɛɚɜɤɚ – ɤɚɨɥɢɢɚɥɸɦɢɧɧɟɜɚɹ 
ɩɭɞɪɚ ɉȺɉ-1 ɢɥɢ ɉȺɉ-2, ɯɪɨɦɨɜɵɣ ɚɧɝɢɞɪɢɞ, ɬɟɯɧɢɱɟɫɤɚɹ ɨɪɬɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ ɢ 
ɜɨɞɚ 

– 

 

ɉɪɢ ɩɨɞɛɨɪɟ ɫɨɫɬɚɜɨɜ ɩɨɤɪɵɬɢɣ ɫɥɟ-
ɞɭɟɬ ɬɚɤɠɟ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɫɨɫɬɚɜɚɦ: 
ɬɨɥɳɢɧɚ ɜɥɚɠɧɨɣ ɢ ɫɭɯɨɣ ɩɥɟɧɤɢ ɟɞɢɧɢɱ-
ɧɨɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ, ɤɨɧɫɢɫɬɟɧɰɢɹ (ɞɨ 
ɭɞɨɛɨɧɚɧɨɫɢɦɨɫɬɢ), ɜɪɟɦɹ ɜɵɫɵɯɚɧɢɹ (ɩɨ-
ɥɢɦɟɪɢɡɚɰɢɹ), ɪɚɫɯɨɞ ɢ ɞɪ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɧɹ-
ɬɵ ɫɨɫɬɚɜɵ ɫ ɬɢɩɚɦɢ ɫɜɹɡɭɸɳɟɝɨ — ɧɚɬɪɢ-
ɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ, ɧɚɩɨɥɧɢɬɟɥɶ 
ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɣ (ɝɪɚɮɢɬ, ɫɚɠɚ, ɬɟɯɧɢ-

ɱɟɫɤɢɣ ɭɝɥɟɪɨɞ), ɦɟɬɚɥɥɢɱɟɫɤɢɣ (ɚɥɸɦɢ-
ɧɢɟɜɚɹ ɩɭɞɪɚ, ɰɢɧɤɨɜɵɣ ɩɨɪɨɲɨɤ), ɜ ɤɚɱɟ-
ɫɬɜɟ ɨɬɜɟɪɞɢɬɟɥɹ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ.  

ȼɵɜɨɞɵ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɞɚɥɶɧɟɣɲɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ  

1. Ⱥɗɋ ɫ ȼȼɗɊ-1000 ɹɜɥɹɸɬɫɹ ɤɥɸɱɟ-
ɜɵɦ ɷɥɟɦɟɧɬɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨ-
ɫɬɢ ɍɤɪɚɢɧɵ. ȼ ɫɜɹɡɢ ɫ ɞɨɫɬɢɠɟɧɢɟɦ 
ɩɥɚɧɨɜɵɯ ɫɪɨɤɨɜ ɫɥɭɠɛɵ ɨɬɞɟɥɶɧɵɯ ɛɥɨ-
ɤɨɜ Ⱥɗɋ ɜ ɍɤɪɚɢɧɟ ɨɫɬɪɨ ɫɬɨɢɬ ɜɨɩɪɨɫ ɨ 
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ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɯɧɢɱɟ-
ɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɥɨɤɚɥɢɡɭɸɳɢɯ ɫɢɫɬɟɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ (ɅɋȻ), ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɚɹ ɨɛɨɥɨɱɤɚ 
ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ Ⱥɗɋ.  

2. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦ ɞɢɚɝɧɨɫɬɢɤɢ ɬɟɯɧɢɱɟ-
ɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ Ⱥɗɋ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɤɚɤ 
ɷɥɟɦɟɧɬɨɜ ɩɟɪɜɢɱɧɵɯ ɞɚɬɱɢɤɨɜ ɢɧɮɨɪɦɚ-
ɰɢɢ.  

3. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɷɥɟɦɟɧ-
ɬɨɜ ɫɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɤɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶɫɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɛɟɬɨɧɵ 
(ɛɟɬɷɥɵ), ɲɬɭɤɚɬɭɪɧɵɟ ɲɩɚɤɥɟɜɨɱɧɵɟ ɪɚɫ-
ɬɜɨɪɵ, ɥɚɤɨɤɪɚɫɨɱɧɵɟ ɩɨɤɪɵɬɢɹ.  

4. Ɇɟɯɚɧɢɡɦ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨ-
ɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɢ ɜ ɜɢɞɟ ɧɚɩɨɥɧɢɬɟɥɹ ɷɥɟɤɬɪɨ-
ɩɪɨɜɨɞɹɳɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɭɝɥɟɫɨɞɟɪ-
ɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰ.  

5. ȼ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 
ɞɥɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɤɚɤ ɦɢɧɟɪɚɥɶɧɵɯ ɜɹɠɭɳɢɯ (ɰɟɦɟɧɬ), 
ɬɚɤ ɢ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɫ ɨɬɜɟɪɠɞɟɧɢɟɦ ɩɨ-
ɫɥɟɞɧɟɝɨ ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ.  

6. Ɋɚɡɪɚɛɨɬɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɢɡɭ-
ɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɨɬɜɟɪɠɞɟɧɢɹ ɠɢɞɤɨɫɬɟ-
ɤɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ.  

7. Ɍɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨ-
ɞɹɳɢɯ ɤɨɦɩɨɡɢɬɨɜ ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɮɢɡɢ-
ɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ, ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɦɢ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ.
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ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ, 
ɬɟɥ. +38 (0562) 47-39-56, e-mail: volchuky@yandex.ua,  ORCID ID: 0000-0001-8717-6786 
3 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: mom@mail.pgasa.dp.ua,  ORCID ID: 0000-0002-3213-4893 

Ⱥɧɧɨɬɚɰɢɹ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɢ ɟɟ ɜɥɢɹɧɢɹ ɧɚ ɢɯ ɫɜɨɣɫɬɜɚ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɚɧɚɥɢɡɚ, ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ, ɫɩɟɤɬɪɚɥɶɧɨɝɨ, ɬɟɪɦɢɱɟɫɤɨɝɨ, ɚ 
ɬɚɤɠɟ ɞɟɮɟɤɬɨɫɤɨɩɢɢ (ɪɟɧɬɝɟɧɨɜɫɤɨɣ, ɦɚɝɧɢɬɧɨɣ, ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ). Ɉɧɢ ɢɦɟɸɬ ɫɨɛɫɬɜɟɧɧɵɣ ɩɨɪɨɝ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɡɚɱɚɫɬɭɸ ɭɡɤɭɸ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɧɚɡɧɚɱɟɧɢɹ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ (ɬɪɭɛɵ, ɩɪɨɤɚɬɧɵɟ ɜɚɥɤɢ, ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɢ ɬ. ɞ.). ɋɭɳɟɫɬɜɭɸɳɢɟ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɚ ɤɚɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ, 
ɨɫɧɨɜɚɧɧɵɟ ɬɨɥɶɤɨ ɧɚ ɚɧɚɥɢɡɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɧɟ ɞɚɸɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɪɨɰɟɫɨɜ, 

ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɢɥɢ ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɨɞɧɨɡɧɚɱɧɨ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɢ. ɉɨɷɬɨɦɭ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡɚ ɧɟ ɜɫɟɝɞɚ ɦɨɝɭɬ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɩɪɢɟɦɥɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɝɧɨɡɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɢɡɞɟɥɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɤ ɤɥɚɫɫɢɱɟɫɤɢɯ, ɬɚɤ ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɫɬɪɭɤɬɭɪɵ. Ɍɚɤ, ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɷɥɟɦɟɧɬɚɦɢ ɫɬɪɭɤɬɭɪɵ ɜɚɥɤɨɜɨɝɨ ɱɭɝɭɧɚ ɩɥɚɧɢɪɭɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɨɪɢɢ ɮɪɚɤɬɚɥɨɜ ɢ ɦɭɥɶɬɢɮɪɚɤɬɚɥɨɜ. ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ 
ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɛɨɥɶɲɢɧɫɬɜɚ ɪɟɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪ, ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɤɨɬɨɪɵɯ ɰɟɥɨɱɢɫɥɟɧɧɵɦɢ 
ɮɢɝɭɪɚɦɢ ȿɜɤɥɢɞɚ ɜɧɨɫɢɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɢ ɩɨɷɬɨɦɭ ɧɟ ɜɫɟɝɞɚ ɩɪɢɟɦɥɟɦɚ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱɚɯ 
ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɚɧɚɥɢɡ 
ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɜɵɪɚɛɨɬɚɬɶ ɤɚɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɪɨɤ ɫɬɚɥɢ ɢ ɱɭɝɭɧɚ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɚɥɢ ɢ ɱɭɝɭɧɚ ɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɨɰɟɧɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɪɨɝɧɨɡɚ ɷɬɢɯ ɫɜɨɣɫɬɜ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɭɬɢ ɟɟ ɪɟɲɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɛɚɡɚ ɞɚɧɧɵɯ, ɮɪɚɤɬɚɥ, ɫɬɚɥɶ, ɱɭɝɭɧ, ɩɪɨɝɧɨɡ, ɦɭɥɶɬɢɮɪɚɤɬɚɥ 

ȾɈ ɉɂɌȺɇɇə ɉɊɈ ɉɈɋɌȺɇɈȼɄɍ ɁȺȼȾȺɇɇə ȱȾȿɇɌɂɎȱɄȺɐȱȲ 
ɎɊȺɄɌȺɅɖɇɈȲ ɋɌɊɍɄɌɍɊɂ ɆȿɌȺɅɍ 

ȻɈɅɖɒȺɄɈȼ ȼ. І.1, ɞ. ɬ. ɧ., ɩɪɨɮ., 
ȼɈɅɑɍɄ ȼ. Ɇ.2*, ɞ. ɬ. ɧ., ɞɨɰ., 
ȾɍȻɊɈȼ ɘ. І.3, ɞ. ɬ. ɧ., ɩɪɨɮ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ, 
ɬɟɥ. +38 (0562) 47-39-56, e-ЦКТХ: ЛШХЬСɚФШЯ@ЦКТХ.ЩРКЬК.НЩ.ЮК, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: volchuky@yandex.ua, ORCID ID: ORCID ID: 0000-0001-8717-6786 
3 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: mom@mail.pgasa.dp.ua, ORCID ID: ORCID ID: 0000-0002-3213-4893 

Ⱥɧɨɬɚɰіɹ. Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɦɟɬɚɥɿɜ ɿ ɫɩɥɚɜɿɜ ɬɚ ʀʀ ɜɩɥɢɜɭ ɧɚ ʀɯ ɜɥɚɫɬɢɜɨɫɬɿ ɲɢɪɨɤɨ 
ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɬɪɚɞɢɰɿɣɧɿ ɦɟɬɨɞɢ ɦɚɤɪɨ- ɿ ɦɿɤɪɨɚɧɚɥɿɡɭ, ɪɟɧɬɝɟɧɿɜɫɶɤɨɝɨ, ɫɩɟɤɬɪɚɥɶɧɨɝɨ, ɬɟɪɦɿɱɧɨɝɨ, ɚ ɬɚɤɨɠ 
ɞɟɮɟɤɬɨɫɤɨɩɿʀ (ɪɟɧɬɝɟɧɿɜɫɶɤɨʀ, ɦɚɝɧɿɬɧɨʀ, ɭɥɶɬɪɚɡɜɭɤɨɜɨʀ). ȼɨɧɢ ɦɚɸɬɶ ɜɥɚɫɧɢɣ ɩɨɪɿɝ ɱɭɬɥɢɜɨɫɬɿ, ɱɚɫɬɨ ɜɭɡɶɤɭ 
ɫɩɪɹɦɨɜɚɧɿɫɬɶ ɿ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɡɚɥɟɠɧɨ ɜɿɞ ɩɪɢɡɧɚɱɟɧɧɹ ɨɛ'єɤɬɚ ɞɨɫɥɿɞɠɟɧɧɹ (ɬɪɭɛɢ, ɩɪɨɤɚɬɧɿ 
ɜɚɥɤɢ, ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿʀ ɬɨɳɨ). Іɫɧɭɸɱɿ ɧɚ ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɩɪɨɝɧɨɡɭ ɹɤɿɫɧɢɯ 

http://pgasa.dp.ua/ru/dept/materials-science/
http://pgasa.dp.ua/ru/dept/materials-science/
http://pgasa.dp.ua/ru/dept/materials-science/
mailto:volchuky@yandex.ua
mailto:mom@mail.pgasa.dp.ua
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ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɚɥɟɜɢɯ ɜɢɪɨɛɿɜ, ɡɚɫɧɨɜɚɧɿ ɬɿɥɶɤɢ ɧɚ ɚɧɚɥɿɡɿ ɫɬɚɬɢɫɬɢɱɧɢɯ ɞɚɧɢɯ, ɧɟ ɞɚɸɬɶ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɨʀ 
ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɩɪɨɰɟɫɿɜ, ɹɤɿ ɜɿɞɛɭɜɚɸɬɶɫɹ ɩɿɞ ɱɚɫ ɮɨɪɦɭɜɚɧɧɹ ɫɬɪɭɤɬɭɪɢ ɚɛɨ ɹɤɿ ɦɨɝɥɢ ɛ ɨɞɧɨɡɧɚɱɧɨ ɜɪɚɯɨɜɭɜɚɬɢ 
ɜɩɥɢɜ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ ɬɚ ɿɧɲɢɯ ɩɚɪɚɦɟɬɪɿɜ ɬɟɯɧɨɥɨɝɿʀ. Ɍɨɦɭ ɪɟɡɭɥɶɬɚɬɢ ɩɪɨɝɧɨɡɭ ɧɟ ɡɚɜɠɞɢ ɦɨɠɭɬɶ 
ɡɚɞɨɜɨɥɶɧɹɬɢ ɜɢɦɨɝɚɦ, ɳɨ ɩɪɟɞ'ɹɜɥɹɸɬɶɫɹ. Ɂ ɦɟɬɨɸ ɨɬɪɢɦɚɧɧɹ ɩɪɢɣɧɹɬɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɪɨɝɧɨɡɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɹɤɨɫɬɿ ɜɢɪɨɛɿɜ ɦɟɬɨɞɢɤɚ, ɹɤɚ ɪɨɡɪɨɛɥɹєɬɶɫɹ, ɩɨɜɢɧɧɚ ɜɤɥɸɱɚɬɢ ɜ ɫɟɛɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɹɤ ɤɥɚɫɢɱɧɢɯ, ɬɚɤ ɿ ɫɭɱɚɫɧɢɯ 
ɦɟɬɨɞɿɜ ɨɰɿɧɤɢ ɫɬɪɭɤɬɭɪɢ. Ɍɚɤ, ɞɥɹ ɜɫɬɚɧɨɜɥɟɧɧɹ ɜɡɚєɦɨɡɜ'ɹɡɤɭ ɦɿɠ ɦɟɯɚɧɿɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɬɚ ɟɥɟɦɟɧɬɚɦɢ 
ɫɬɪɭɤɬɭɪɢ ɜɚɥɤɨɜɨɝɨ ɱɚɜɭɧɭ ɩɥɚɧɭєɬɶɫɹ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɟɨɪɿʀ ɮɪɚɤɬɚɥɿɜ ɬɚ ɦɭɥɶɬɢɮɪɚɤɬɚɥɿɜ. Ɂɚɩɪɨɩɨɧɨɜɚɧɚ 
ɦɟɬɨɞɢɤɚ є ɧɚɣɩɪɢɣɧɹɬɧɿɲɚ ɞɥɹ ɤɿɥɶɤɿɫɧɨʀ ɨɰɿɧɤɢ ɛɿɥɶɲɨɫɬɿ ɪɟɚɥɶɧɢɯ ɫɬɪɭɤɬɭɪ, ɚɩɪɨɤɫɢɦɚɰɿɹ ɹɤɢɯ 
ɰɿɥɨɱɢɫɟɥɶɧɢɦɢ ɮɿɝɭɪɚɦɢ ȿɜɤɥɿɞɚ ɜɧɨɫɢɬɶ ɩɟɜɧɭ ɩɨɯɢɛɤɭ ɿ ɬɨɦɭ ɧɟ ɡɚɜɠɞɢ ɩɪɢɣɧɹɬɧɚ ɜ ɩɪɚɤɬɢɱɧɢɯ ɡɚɜɞɚɧɧɹɯ 
ɫɭɱɚɫɧɨɝɨ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɩɟɪɟɞɛɚɱɚєɬɶɫɹ ɩɪɨɜɟɞɟɧɧɹ ɫɩɟɰɿɚɥɶɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ, ɚɧɚɥɿɡ 
ɹɤɢɯ ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ ɹɤɿɫɧɭ ɨɰɿɧɤɭ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɦɚɪɨɤ ɫɬɚɥɿ ɿ ɱɚɜɭɧɭ. ȼ 
ɪɟɡɭɥɶɬɚɬɿ ɚɧɚɥɿɡɭ ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɫɬɚɥɿ ɬɚ ɱɚɜɭɧɭ ɿ ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɢɰɶɤɢɯ ɪɨɛɿɬ, ɫɩɪɹɦɨɜɚɧɢɯ ɧɚ 
ɜɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɨɰɿɧɤɢ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɫɮɨɪɦɭɥɶɨɜɚɧɨ ɩɨɫɬɚɧɨɜɤɭ ɡɚɜɞɚɧɧɹ ɨɩɟɪɚɬɢɜɧɨɝɨ 
ɩɪɨɝɧɨɡɭ ɰɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɿ ɜɢɡɧɚɱɟɧɨ ɨɫɧɨɜɧɿ ɲɥɹɯɢ ʀʀ ɪɨɡɜ’ɹɡɚɧɧɹ. 
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Summary. To study the structure of metals and alloys and its influence on their properties are widely used 

traditional methods of macro- and microanalysis, X-ray, spectral, thermal and inspection (X-ray, magnetic, ultrasonic). 

They have their own threshold, often narrowly focused and applied directly depending on the purpose of the research 

object (pipe, forming rolls, metal, etc.). Currently existing mathematical models of forecasting the qualitative 

characteristics of metal products based only on an analysis of statistical data do not provide physical-chemical 

interpretation of the processes that occur during the formation of the structure or who could definitely take into account 

the effect of the chemical composition and other parameters of the technology. Therefore, the forecast results can not 

always meet the requirements. In order to obtain acceptable quality results produced by the product specifications 

developed by the forecast methodology should include the use of both classical and modern methods of structure 

evaluation. So, to determine the relationship between mechanical properties and structure elements of cast iron roll is 

planned to use the theory of fractals and multifractal. The proposed method is the most appropriate to quantify the 

majority of real structures, which the integer approximation of the figures of Euclid introduces some uncertainty, and 

therefore not always acceptable in practical problems of modern materials. In this regard, it is assumed conducting 

special experiments, the analysis of which allows to develop a qualitative evaluation of the mechanical properties of the 

investigated steels and cast iron. As a result of analysis of the production technology of steel and iron and research work 

aimed at solving the problem of evaluating the mechanical properties of the formulated problem statement of 

operational forecasting of these properties and the basic ways of its solution. 

Keywords: database, fractal, steel, cast iron, forecast, multifractal 
 

Ɋɚɡɜɢɬɢɟ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɫɬɪɭɤɬɭɪɵ ɦɚ-
ɬɟɪɢɚɥɨɜ ɞɥɹ ɩɪɨɝɧɨɡɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɱɟ-
ɫɬɜɚ, ɫ ɭɱɟɬɨɦ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɟɫɫɚ, ɜɵɜɟɥɨ ɧɚ ɧɨɜɭɸ ɫɬɭɩɟɧɶ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɢ 
ɤɚɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɷɬɨɣ 
ɨɰɟɧɤɢ ɩɪɢɦɟɧɹɸɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ, ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɦɢɤɪɨ-
ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ, ɹɞɟɪ-
ɧɨ-ɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ (əɆɊ), Ɉɠɟ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɞɪ. ȼɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 
ɩɚɪɚɦɟɬɪɚɦɢ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɨɜ ɢ ɤɨɦ-
ɩɥɟɤɫɨɦ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
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ɢɧɬɟɪɟɫɨɜɚɥɚ ɢ ɢɧɬɟɪɟɫɭɟɬ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟ-
ɦɹ ɦɧɨɝɢɯ ɚɜɬɨɪɨɜ. ȼ ɪɚɛɨɬɟ Д1Ж ɨɬɦɟɱɚɟɬɫɹ, 
ɱɬɨ ɂ. ȼ. Ɍɚɧɚɧɚɟɜ, ɪɚɡɜɢɜɚɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɇ. ɋ. Ʉɭɪɧɚɤɨɜɚ ɨ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦɚɯ ɢ 
ɞɢɚɝɪɚɦɦɚɯ «ɫɨɫɬɚɜ — ɫɜɨɣɫɬɜɨ», ɡɚɦɟɬɢɥ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɦɟɧɵ ɬɪɢɚɞɵ (ɫɨɫɬɚɜ — 

ɫɬɪɭɤɬɭɪɚ — ɫɜɨɣɫɬɜɚ) ɤɜɚɞɪɢɝɨɣ, ɜ ɤɨɬɨ-
ɪɭɸ ɜɯɨɞɹɬ ɟɳɟ ɫɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ ɢ ɞɢɫɩɟɪɫɧɨɫɬɶ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɫɬɪɭɤɬɭɪɵ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɭɱɢ-
ɬɵɜɚɬɶ ɜɥɢɹɧɢɟ ɷɥɟɦɟɧɬɨɜ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥ-
ɥɚ ɧɚ ɟɝɨ ɫɜɨɣɫɬɜɚ. Ɉɞɧɚɤɨ ɫɥɨɠɧɨɫɬɢ, 
ɡɚɤɥɸɱɚɸɳɢɟɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɬɚɤɨɝɨ ɪɨɞɚ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɫɨɫɬɨɹɬ ɜ ɬɨɦ, ɱɬɨ ɦɧɨɝɢɟ ɷɥɟ-
ɦɟɧɬɵ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ, ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ 
ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɬɪɭɞɧɨ ɩɨɞɞɚɸɬɫɹ 
ɤɚɱɟɫɬɜɟɧɧɨɦɭ ɨɩɢɫɚɧɢɸ Д2Ж, ɱɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɩɨɬɟɪɟ ɜɚɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɚɧɞɟɦɟ 
«ɫɬɪɭɤɬɭɪɚ — ɫɜɨɣɫɬɜɚ». 

ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɤ ɬɚɤɢɦ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɭɳɟɫɬɜɭɸɳɭɸ ɜ 
ɞɚɧɧɨɟ ɜɪɟɦɹ ɨɰɟɧɤɭ ɡɟɪɟɧɧɵɯ ɫɬɪɭɤɬɭɪ, 
ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɜɵɱɢɫɥɟɧɢɹ ɫɪɟɞɧɟɝɨ 
ɪɚɡɦɟɪɚ ɡɟɪɧɚ, ɩɥɨɬɧɨɫɬɢ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɫɬɚ-
ɬɢɫɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɟɪɟɧ ɩɨ ɪɚɡɦɟ-
ɪɚɦ, ɩɨɪɢɫɬɨɫɬɢ ɢ ɞɪ. Ɍɚɤɠɟ ɨɫɬɚɸɬɫɹ 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɧɵɦɢ ɩɪɨɰɟɫɫɵ ɫɬɪɭɤ-
ɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ ɢ ɜɡɚɢɦɨɫɜɹɡɶ 
ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɫ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɤɚ-
ɱɟɫɬɜɚ. Ⱦɥɹ ɦɟɬɚɥɥɚ ɧɚɥɢɱɢɟ ɫɭɛɴɟɤɬɢɜɧɨɣ 
(ɧɚɩɪɢɦɟɪ, ɛɚɥɥɨɜɨɣ) ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ 
ɟɝɨ ɫɬɪɭɤɬɭɪɵ ɧɚɛɥɸɞɚɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɟ ɜɥɢɹɧɢɹ ɢɝɨɥɶɱɚɬɨ-
ɝɨ ɮɟɪɪɢɬɚ, ɢɝɥ ɦɚɪɬɟɧɫɢɬɚ, ɜɢɞɦɚɧɲɬɟɬɬɨ-
ɜɨɝɨ ɮɟɪɪɢɬɚ, ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɟɣɧɢɬɚ, 
ɬɪɨɨɫɬɢɬɚ, ɝɪɚɧɢɰ ɡɟɪɟɧ ɢ ɬ. ɞ., ɱɬɨ ɨɛɴɹɫɧɹ-
ɟɬɫɹ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɢɯ ɫɬɪɭɤɬɭɪɵ. 
Ⱥ ɮɟɪɪɢɬɨ-ɛɟɣɧɢɬɧɚɹ ɢɥɢ ɮɟɪɪɢɬɨ-

ɛɟɣɧɢɬɧɨ-ɦɚɪɬɟɧɫɢɬɧɚɹ ɫɬɪɭɤɬɭɪɵ ɬɪɟɛɭɸɬ 
ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɜ ɩɥɚɧɟ ɢɡɦɟɧɟɧɢɹ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɹɡɤɨɦɭ ɢ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭ-
ɲɟɧɢɸ, ɯɥɚɞɨɭɫɬɨɣɱɢɜɨɫɬɢ, ɤɨɪɪɨɡɢɣɧɨɣ 
ɫɬɨɣɤɨɫɬɢ, ɩɪɢ ɫɜɚɪɢɜɚɧɢɢ ɜɵɫɨɤɨɩɪɨɱɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ Д3Ж. Ⱦɥɹ ɨɰɟɧɤɢ ɬɚɤɢɯ ɫɬɪɭɤɬɭɪ 
ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɞɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɩɨ-
ɤɚɡɚɬɟɥɹ, ɨɬɨɛɪɚɠɚɸɳɟɝɨ ɨɫɨɛɟɧɧɨɫɬɢ 
ɫɬɪɭɤɬɭɪɵ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ 
ɬɟɨɪɢɢ ɮɪɚɤɬɚɥɨɜ ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɧɚɪɹɞɭ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ 

ɨɰɟɧɤɚɦɢ ɫɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɹɬɶ ɢɯ 
ɪɚɡɦɟɪɧɨɫɬɧɵɟ ɨɰɟɧɤɢ. ɂɦɟɧɧɨ ɮɪɚɤɬɚɥɶɧɚɹ 
ɝɟɨɦɟɬɪɢɹ ɩɨɤɚɡɚɥɚ ɩɭɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɷɬɨɝɨ ɩɪɨɝɧɨɡɚ. Ɍɚɤ ɤɚɤ ɜɧɭɬɪɟɧɧɹɹ ɦɟɬɪɢɤɚ 
ɲɥɢɮɚ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɟɝɨ ɮɪɚɤɬɚɥɶɧɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ, ɬɨ ɜ ɧɟɣ, ɜɟɪɨɹɬɧɨ, 
ɨɬɨɛɪɚɠɚɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɱɟɫɬɜɚ 
ɦɟɬɚɥɥɚ Д4Ж. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɷɬɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ 
ɮɪɚɤɬɚɥɶɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ 
ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɩɪɨɫɬɨɣ ɡɚɞɚɱɟɣ 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɢɫɬɟɦɵ ɩɪɨɝɧɨɡɚ. Ɍɚɤ ɤɚɤ 
ɦɟɬɚɥɥɵ ɪɚɡɥɢɱɚɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢɯ 
ɤɚɱɟɫɬɜɚ ɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɬɪɭɤɬɭɪɵ, 
ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɝɧɨɡɚ. ȼ ɷɬɨɣ 
ɫɜɹɡɢ ɧɚɞɟɠɞɚ ɧɚ ɬɨ, ɱɬɨ ɦɨɠɧɨ ɛɵɥɨ ɛɵ 
ɫɮɨɪɦɢɪɨɜɚɬɶ ɨɛɳɭɸ ɛɚɡɭ ɞɚɧɧɵɯ (ȻȾ) ɞɥɹ 
ɩɪɨɝɧɨɡɚ ɤɚɱɟɫɬɜɚ ɦɟɬɚɥɥɨɜ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɭɬɜɟɪɠɞɚɟɦ, ɱɬɨ ɫɨ 
ɜɪɟɦɟɧɟɦ ɬɚɤɚɹ ȻȾ, ɜɤɥɸɱɚɸɳɚɹ 
ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɚɥɥɨɜ, ɛɭɞɟɬ ɫɨɡɞɚɧɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɨɬɪɟɛɧɨɫɬɟɣ ɢ ɩɨɡɜɨɥɢɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɬɟ 
ɢɥɢ ɢɧɵɟ ɢɯ ɫɜɨɣɫɬɜɚ. 

ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɚɦɢ ɫɨɡɞɚɧɚ ɩɪɨɝɪɚɦɦɚ, 
ɜɤɥɸɱɚɸɳɚɹ ɮɪɚɤɬɚɥɶɧɵɣ ɩɨɞɯɨɞ ɢ 
ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ȻȾ, 
ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɧɚ ɗȼɆ Д5Ж, ɤɨɬɨɪɚɹ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

1. Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ 
Ƚɨɫɫɬɚɧɞɚɪɬɚɦ, ɜɤɥɸɱɚɹ ɛɚɥɥ ɡɟɪɧɚ, 
ɫɨɨɬɧɨɲɟɧɢɟ ɮɚɡ, ɞɥɢɧɭ ɦɟɠɮɚɡɧɵɯ ɢ 
ɜɧɭɬɪɢɮɚɡɧɵɯ ɝɪɚɧɢɰ. 

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɪɚɤɬɚɥɶɧɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ 
(ɫɬɚɥɢ, ɱɭɝɭɧɚ ɢ ɬ. ɞ.) Д6Ж. 

3. Ⱥɧɚɥɢɡ ɩɪɨɝɧɨɡɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɤɚɱɟɫɬɜɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɟɬɚɥɥɚ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɨɡɢɰɢɢ ɬɨɩɨɥɨɝɢɱɟɫɤɨɝɨ 
Д7Ж ɢ ɮɪɚɤɬɚɥɶɧɨɝɨ Д8Ж ɩɨɞɯɨɞɨɜ. 

4. Ʉɨɪɪɟɤɬɢɪɨɜɤɭ ɫɭɳɟɫɬɜɭɸɳɟɣ ȻȾ 
ɧɨɜɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɝɧɨɡɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɱɟɫɬɜɚ ɦɟɬɚɥɥɚ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɟ ɩɪɢɜɟɞɟɧɚ 
ɦɧɟɦɨɧɢɱɟɫɤɚɹ ɫɯɟɦɚ, ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ 
ɩɪɨɝɧɨɡɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɱɭɝɭɧɧɵɯ 
ɫɨɪɬɨɩɪɨɤɚɬɧɵɯ (ɋ) ɜɚɥɤɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ 
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ɩɥɚɫɬɢɧɱɚɬɨɝɨ (ɉ) ɝɪɚɮɢɬɚ, ɥɟɝɢɪɨɜɚɧɧɵɯ 
ɯɪɨɦɨɦ (ɏ) ɢ ɧɢɤɟɥɟɦ (ɇ) – ɋɉɏɇ, 

ɩɪɨɢɡɜɨɞɢɦɵɯ ɧɚ ɉȺɈ «Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ 
ɡɚɜɨɞ ɩɪɨɤɚɬɧɵɯ ɜɚɥɤɨɜ» (ɉȺɈ ȾɁɉȼ). 

 

Ɋɢɫ. Ɇɧɟɦɨɧɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɜɧɟɞɪɟɧɢɹ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɦɟ-
ɬɨɞɢɤɚ ɩɪɨɝɧɨɡɚ ɤɚɱɟɫɬɜɚ ɫɬɚɥɟɣ ɢ ɱɭɝɭɧɨɜ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ М ɩɪɢɦɟɧɟɧɢɟɦ 
ɬɟɨɪɢɢ ɦɭɥɶɬɢɮɪɚɤɬɚɥɨɜ. 

ɂɋɉɈɅɖɁɈȼȺɇɇȺə ɅɂɌȿɊȺɌɍɊȺ 

1. ɋɢɧɟɪɝɟɬɢɤɚ ɢ ɮɪɚɤɬɚɥɵ ɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ / ȼ. ɋ. ɂɜɚɧɨɜɚ, Ⱥ. ɋ. Ȼɚɥɚɧɤɢɧ, ɂ. ɀ. Ȼɭɧɢɧ, Ⱥ. Ⱥ. Ɉɤɫɨɝɨɟɜ. 
 Ɇɨɫɤɜɚ : ɇɚɭɤɚ, 1994.  383 ɫ.  Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.mash.oglib.ru/bgl/9313.html. 

2. ɋɚɥɬɵɤɨɜ ɋ. Ⱥ. ɋɬɟɪɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɟɬɚɥɥɨɝɪɚɮɢɹ (ɫɬɟɪɟɨɥɨɝɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ) 
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http://www.materialscience.ru/subjects/materialovedenie/knigi/stereometricheskaya_metallografiya__saltikov_s_a

_m___metallurgiya_1976__270_s_04_03_2010/. 
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Summary. It were investigated micro- and substructure processes formation with the multiple hot deformation of 

austenite. 
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At present, hot rolling is the most common 

process used in working slabs of low-carbon 

steels smelted with no carbide-forming 

additions. Although this process ensures 

relatively moderate strength characteristics in 

plates, such steels possess good weldability and 

plasticity at relatively low costs [1–6]. 

Some strengthening is connected with 

saturation of metals with numerous faults 

which in its turn results in a necessity of 

application of complicated processes and high 

production costs. For the most part, rolled 

product strengthening by various methods of 

thermomechanical treatment is economically 

more feasible than expensive alloying [1–6]. 

Specifically, an example of such leading-edge 

processes is controlled rolling used in making 

plates for the production of large-diameter 

pipes used in the construction of Arctic oil and 

gas pipelines.  

This R&D work objective was 

improvement of mechanical properties of the 

steel plates produced by controlled rolling. The 

main problems consisted in retention of 

polygonized structure of hot-deformed 

austenite and creation of conditions for its 

inheritance with proeutectoid ferrite 

precipitated before the finish rolling step.  

Temperature and deformation conditions of 

the controlled rolling are usually realized as 

follows: heating slabs in a continuous furnace 

to temperatures between 1100 ɋ КЧН 1200 ɋ, 
homogenizing holding during 4 to 6 hours, 

rough rolling completed at 980–1100 ɋ, 
cooling down to 720–820 ɋ, ПТЧТЬС rШХХТЧР ЭШ К 
required thickness and slow cooling to room 

temperature (see Figure 1, conventional 

schedule). This process has its advantages but it 

has certain disadvantages as well.  

Firstly, it is the necessity of an additional 

alloying to suppress austenite grain growth 

through the formation of particles of high-

temperature carbonitrides (otherwise, the plate 

impact toughness can degrade) [1–6]. 

Secondly, this process has only proved 

itself well in the production of plates not 

thicker than 20 mm as the thicker is the rolled 

product the worse are tensile strength and 

impact toughness because of smaller total 

reductions. 

Thirdly, it is necessary that temperature-

deformation parameters of the controlled 

rolling process were optimized for each rolling 

mill and individual plate rolling schedules were 

corrected depending on the planned service 

conditions of the rolled product.  

This R&D work has resulted in a new 

schedule for the process of polygonizing 

controlled rolling featuring a higher 

deformation fractioning in the rough stand with 

the final rolling temperature being 10–30 ɋ 
ХШаОr ЭСКЧ Ⱥɫ3 ЭОЦЩОrКЭЮrО КЧН К ЬСШrЭОr 
holding of the intermediate product at the 

bypass table to prevent recrystallization and 

maintain the rolling rate. When the temperature 

of start of working in the finish stand is 

achieved, rolling is carried out by the design 

schedule and the rolled product is cooled in a 

way ensuring retaining of subgrain boundaries 

in ferrite and escaping formation of special 

boundaries in the middle layers (see Figure 1, 

the proposed schedule). 

The larger number of unit cycles at a 

constant total deformation ratio favors 

formation of a more developed polygonal 

austenite structure and the longer deformation 

time at a lower temperature at the end of rough 

rolling makes austenite subgrains fixed. The 

resulting deformed austenite structure saturated 

http://pgasa.dp.ua/ru/dept/materials-science/
mailto:lab120@mail.pgasa.dp.ua
http://pgasa.dp.ua/ru/dept/materials-science/
mailto:lab120@mail.pgasa.dp.ua


ȼɿɫɧɢɤ ɉɪɢɞɧɿɩɪɨɜɫɶɤɨʀ ɞɟɪɠɚɜɧɨʀ ɚɤɚɞɟɦɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ, 2016, № 5 (218)  ISSN 2312-2676 

42 

with subgrain boundaries is favorable for 

achievement of homogeneity of the finite ferrite 

structure [7]. 

 

Fig. 1. Conventional and proposed controlled 

rolling schedules / Ɍɪɚɞɢɰɢɨɧɧɵɣ ɢ ɩɪɟɞɥɚɝɚɟɦɵɣ 

ɪɟɠɢɦ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɩɪɨɤɚɬɤɢ 

ɌɟЦЩОrКЭЮrО КЧН НОПШrЦКЭТШЧ МШЧНТЭТШЧЬ ШП 
the proposed schedule imply the temperature at 

the end of rolling in the rough stand to be 

within a range where there is no 

recrystallization which is a prerequisite for the 

formation of fine ferrite grains during cooling 

in the intercritical temperature range. But if 

22 mm and thicker plates are rolled, a 

possibility of formation of both recrystallized 

and non-recrystallized regions in the plate body 

exists.  

To prevent recrystallization processes in 

austenite, the temperature at the end of rough 

rolling was shifted somewhat below the critical 

ЩШТЧЭ Ⱥɫ3 аСТМС КХШЧР аТЭС ЭСО rОНЮМed time of 

staying at the bypass table creates conditions in 

which the deformed austenite is not 

recrystallized or rerystallized to a minute 

degree.  

The polygonized austenite structure 

preserved in this way contains a large number 

of additional sites of heterogeneous nucleation 

of ferrite (polygonal boundaries, their interfaces 

and nodes), cf. Figures 2a and 2b. Reduction of 

the temperature at the end of rough rolling to 

ЭСО ЯКХЮОЬ ЛОХШа Ⱥɫ3 rОЬЮХЭЬ ТЧ К ПШrЦКЭТШЧ ШП 
fine ferrite nuclei fixing the polygonized 

substructure and preventing recrystallization 

and austenite grain growth (Figure 2d-f). 

 

Fig. 2. Sequential stages of -crystal nucleation at polygon boundaries at temperatures reduced down to the values 

below point Ⱥɫ3; d – f: precipitation of hypoeutectoid ferrite in steels which underwent austenite decomposition after cooling in 

air, 800: d: from a single heating by 1050 ɋ, e: after 16% hot reduction at 1000 ɋ;f:  after 36% hot reduction at 1000 ɋ  
/ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɷɬɚɩɵ ɡɚɪɨɠɞɟɧɢɹ -ɤɪɢɫɬɚɥɥɨɜ ɧɚ ɩɨɥɢɝɨɧɚɥɶɧɵɯ ɝɪɚɧɢɰɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 

ɬɨɱɤɢ Ⱥɋ3; d – f: ɜɵɞɟɥɟɧɢɟ ɞɨɷɜɬɟɤɬɨɢɞɧɨɝɨ ɮɟɪɪɢɬɚ ɜ ɫɬɚɥɹɯ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɜɨɡɞɭɯɟ 800: 

d: ɧɚɝɪɟɜ 1050 ɋ, ɟ: ɩɨɫɥɟ 16% ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 1000 ɋ;  
ɟ: ɩɨɫɥɟ 36% ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 1000 ɋ 

 
 

Structure investigations of quenched 

samples have shown that cooling down to the 

temperatures below point Ⱥɫ3 РТЯОЬ rТЬО ЭШ 

nucleation of new crystals of hypoeutectoid 

ferrite not only at large-angle boundaries but at 

polygonal ones as well (see Figures 2c, f). In 
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particular, Figure 2f shows that the internal 

volumes of the former austenite grains (their 

boundaries are seen due to the continuous 

ferrite fringes) are covered with ferrite nuclei of 

an average size 0.5–1.5 μЦ. 
In case of very small or zero temperature 

drops after rough rolling, parameters of the 

polygonal substructure develop in a reverse 

order: polygon sizes get smaller and the mean 

angle of orientation disorder decreases. 

Furthermore, the ability of polygonal 

boundaries to serve as the sites of ferrite crystal 

nucleation decreases.  

Additionally, low-angle polygonal 

boundaries are formed in fine ferrite grains 

during finish rolling which results in refining of 

the final structure and a simultaneous upgrade 

of strength and plasticity of the finished plates.  

Delivery batch tests of 40 mm thick plates 

rolled by the proposed schedule have 

demonstrated simultaneous improvement of 

tensile strength and stabilization of viscosity as 

compared to the plates rolled by the 

conventional technology: tensile strength in Z 

direction being 1.5–2 ЭТЦОЬ СТРСОr (230 Эɨ 
480 ɆPɚ). 

It is important that specification of 

properties in Z direction (direction of the rolled 

product thickness) has to be an integral part of 

engineering requirements to steels as the steel 

plasticity can fall abruptly because of an effect 

of tangential tensile forces, especially forces 

normal to the plate plane.  

Percent narrowing (Z) is the parameter 

most sensitive to the variation of all mechanical 

characteristics of thick plates in Z direction.  

Actual percent narrowing in Z direction in 

the plates produced by the proposed schedule is 

20–25 % higher than that in the plates produced 

by the conventional technology and almost 2 

times higher than it is required by the standards 

for Z 35 quality rating.  

Microstructure of 22 mm thick plates of 

microalloyed low-carbon steel 10G2FB rolled 

by the conventional technology and using the 

ЩrШЩШЬОН ЬМСОНЮХО ТЬ ЬСШаЧ ТЧ FТРЮrОЬ 3ɚ, Л. 
Visual estimate shows that the structure in 

the plates rolled by the proposed schedule is 

more dispersed than that in the plates rolled by 

the conventional technology. Pearlite striation 

is less pronounced than in case of an ordinary 

hot-worked metal.  

Photographs of shadow-cast replica show 

that the large-angle and subgrain boundaries 

interact with their energies and the subgrains 

can be 0.5 μЦ ТЧ НТКЦОЭОr КЧН ЬШЦОаСКЭ 
elongated in the rolling direction (Figure 4a). 

 
   ɚ 

 
   b 

Fig. 3. Structure of 22 mm thick plates of low-carbon 

steel 10G2FB rolled by conventional technology (a) and 

with the use of the proposed schedule (b) / ɋɬɪɭɤɬɭɪɚ 

ɩɥɚɫɬɢɧ ɬɨɥɳɢɧɨɣ 22 ɦɦ ɢɡ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɨɣ 

ɫɬɚɥɢ 10Ƚ2ɎȻ ɩɪɨɤɚɬɚɧɧɨɣ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɬɟɯɧɨɥɨɝɢɢ (ɚ) ɢ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɫɯɟɦɟ (ɛ) 

Images of thin foils prepared from the 

metal rolled by the experimental schedule 

reveal dislocation arrangement of subgrain 

boundaries (Figure 4b) and networks formed by 

several dislocation families. They contain 

mostly hexagonal cells and sometimes 

rectangular ones. Individual dislocations are 

discernable if the distance between them is 3 to 

5 nm, otherwise they merge into a strip with a 

contrast typical for the large-angle boundaries 

although their mean off-orientation angle does 

not exceed 3–6 degrees. 
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   ɚ 

 
   b 

 
   c 

 
d 

Fig. 4. Ɍhin structure in 22 mm thick plates of low-
carbon steel 10G2FB rolled by the experimental 

schedule: ɚ, b, c:  electron microscope image of subgrain 
(polygonal) boundaries; d: dispersed carbides of (Nb, V)ɋ type 

in ferrite / Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɥɢɬ ɬɨɥɳɢɧɨɣ 22 ɦɦ ɢɡ 
ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ 10Ƚ2ɎȻ ɩɪɨɤɚɬɚɧɧɨɣ ɩɨ 

ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɪɟɠɢɦɭ: ɚ, b, c: 
ɷɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɭɛɡɟɪɟɧɧɵɯ 

(ɩɨɥɢɝɨɧɚɥɶɧɵɯ) ɝɪɚɧɢɰɫɭɛɡɟɪɧɨɦ (ɩɨɥɢɝɨɧɚɥɶɧɵɟ) ɝɪɚɧɢɰ; 
d: ɞɢɫɩɟɪɫɧɵɟ ɤɚɪɛɢɞɵ (Nb, V)ɋ ɜ ɮɟɪɪɢɬɧɨɣ ɮɚɡɟ 

Cementite bands part into short sections 

with evidently rounded edges. 

Some of them take a disk or an ellipsoid 

shape (Figure 4c). Such changes in the pearlite 

component promote growth of plasticity and 

decrease in strength of the finished plates. 

However, a different process is 

simultaneously taking place. Contrary to the 

first one, it increases strength and decreases 

plasticity: precipitation of excess phases. In the 

ferrite component, a relatively high density of 

disperse particles is observed. These particles 

СКЯО МШЧЭrКЬЭ ЭвЩТМКХ ПШr МКrЛТНОЬ ШП (NЛ, V)ɋ 
type [8, 9]. Figure 4d shows their uniform 

distribution in the entire internal volume of the 

ferrite grains. Some dislocations are conjugated 

with carbonitride particles restraining their 

displacement at critical loads, increasing start 

stresses and strengthening the metal in this 

way.  

The high-magnification image patch in the 

upper left corner of Figure 4d shows a 

characteristic 20 mm diameter ring-shaped 

contrast formed by diffracting electrons. Such 

contrast reveals itself due to the elastic stresses 

arising around the carbonitride particles [5]. 

These particles themselves have smaller sizes, 

not larger than 3–7 nm. Their diameter is 

smaller than the light spots in the centre of the 

ring-shaped images. 

Based on the foregoing, the following 

conclusions can be drawn:  

– the proposed hot plate rolling schedule is 

based on a creation of a polygonized austenite 

structure being formed during hot working and 

forcibly kept stable up to the temperatures of 

the upper part of the intercritical range. The 

further multiple nucleation of preuetectoid 

ferrite at both large-angle and polygonal 

boundaries improves dispersity of ferrite grains 

in the metal entering the finish rolling stand, 

therefore a more dispersed final ferrite structure 

is formed in the finished plates and accordingly 

better mechanical properties are achieved; 

– the proposed plate rolling schedule can be 

implemented with no capital investments at the 

existing equipment of Ukrainian metallurgical 

works; 

– the proposed plate rolling schedule 

promotes gain in and stabilization of plasticity 

and viscosity at sub-zero temperatures and 

reduction of plate rejections over unsatisfactory 

mechanical properties; 

– the results of comprehensive studies 

allow to recommend plates of steel grades 

10G2FB and S355j2 for their use as a material 
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for the production of large-diameter oil and gas 

line pipes and construction of frames for high-

rise buildings and large-span floors. 
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ɆȿɏȺɇɂɁɆ ɈȻɊȺɁɈȼȺɇɂə ɊȿȾɂɋɉȿɊɋɂɈɇɇɕɏ 
ɉɈɅɂɆȿɊɇɕɏ ɉɈɊɈɒɄɈȼ 

ȻɈɅɖɒȺɄɈȼ ȼ. ɂ.1, ɞ. ɬ. ɧ., ɩɪɨɮ., 

ȾȿɊȿȼəɇɄɈ ȼ. ɇ.2*
, ɞ. ɬ. ɧ., ɩɪɨɮ. 

1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ, 
ɬɟɥ. +38 (0562) 47-59-51, e-mail: lab120@mail.pgasa.dp.ua, ORCID ID: 0000-0002-2624-4666 
2* Ʉɚɮɟɞɪɚ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ 
«ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 
49005, ɍɤɪɚɢɧɚ, ɬɟɥ. +38(0562) 47-16-22, e-mail: derev@mail.pgasa.dp.ua, ORCID ID: 0000-0003-4131-0155 

Ⱥɧɧɨɬɚɰɢɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɡɞɟɥɢɹ ɧɚ ɨɫɧɨɜɟ ɝɢɩɫɨɜɵɯ ɜɹɠɭɳɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɬɚɤ ɤɚɤ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɢ 
ɤɚɱɟɫɬɜɨ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. Ɉɞɧɚɤɨ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɞɟɪɠɢɜɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɫɭɯɢɯ 
ɞɨɛɚɜɨɤ. Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɞɨɛɚɜɤɢ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɝɢɩɫɨɜɵɯ ɜɹɠɭɳɢɯ ɧɚɯɨɞɹɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ 
ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢɦɟɧɟɧɢɟ ɢɦɩɨɪɬɧɵɯ ɞɨɛɚɜɨɤ ɭɜɟɥɢɱɢɜɚɟɬ ɫɬɨɢɦɨɫɬɶ ɢɡɞɟɥɢɣ. Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ 
ɩɨɥɭɱɟɧɢɹ ɫɭɯɢɯ ɞɨɛɚɜɨɤ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɨɣ ɞɢɫɩɟɪɫɢɢ, ɤɨɬɨɪɚɹ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɠɢɞɤɨɦ ɜɢɞɟ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɝɢɩɫɨɜɵɯ ɜɹɠɭɳɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɇɨ ɩɪɢ ɩɟɪɟɜɨɞɟ ɜ 
ɫɭɯɨɟ ɫɨɫɬɨɹɧɢɟ ɞɢɫɩɟɪɫɢɹ ɚɝɪɟɝɚɬɢɪɭɟɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɛɚɜɤɚ ɧɟ ɢɦɟɟɬ ɧɟɨɛɯɨɞɢɦɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɫɜɨɣɫɬɜ.  

Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ – ɪɚɡɪɚɛɨɬɤɚ ɦɟɯɚɧɢɡɦɚ ɢɯ 
ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɥɟɧɤɢ, ɩɨɞɛɨɪ ɪɟɝɭɥɹɬɨɪɨɜ. Ɍɚɤ, ɫɬɚɛɢɥɢɡɚɬɨɪɵ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ 
ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɤɨɚɝɭɥɹɰɢɸ ɷɦɭɥɶɫɢɢ (ɞɢɫɩɟɪɫɢɢ). Ɂɚɳɢɬɧɵɣ ɤɨɥɥɨɢɞ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ 
ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɩɨɪɨɲɤɚ, ɫɩɨɫɨɛɧɨɝɨ ɡɚɬɟɦ ɞɢɫɩɟɪɝɢɪɨɜɚɬɶɫɹ ɜ ɜɨɞɟ. ɂ, ɧɚɤɨɧɟɰ, ɫɭɲɤɚ (ɭɞɚɥɟɧɢɟ ɜɥɚɝɢ) 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɥɟɧɤɢ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɪɨɲɨɤ ɪɟɞɢɫɩɟɪɫɢɨɧɧɵɣ, ɦɚɬɟɪɢɚɥɵ ɜɹɠɭɳɢɟ, ɞɨɛɚɜɤɢ, ɷɦɭɥɶɫɢɹ, ɞɢɫɩɟɪɫɢɹ 
ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɚɹ. 

ɆȿɏȺɇȱɁɆ ɍɌȼɈɊȿɇɇə ɊȿȾɂɋɉȿɊɋȱɃɇɂɏ  
ɉɈɅȱɆȿɊɇɂɏ ɉɈɊɈɒɄȱȼ 

ȻɈɅɖɒȺɄɈȼ ȼ. І.1, ɞ. ɬ. ɧ., ɩɪɨɮ., 
ȾȿɊȿȼ'əɇɄɈ ȼ. Ɇ.

2*
, ɞ. ɬ. ɧ., ɩɪɨɮ. 

1  Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (056)-745-23-72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɬɟɯɧɨɥɨɝɿʀ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɜɢɪɨɛɿɜ ɬɚ ɤɨɧɫɬɪɭɤɰɿɣ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ 
«ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, 

ɍɤɪɚʀɧɚ, ɬɟɥ. +38(0562) 47-16-22, e-mail: derev@mail.pgasa.dp.ua, ORCID ID: 0000-0003-4131-0155 

Ⱥɧɨɬɚɰіɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ɉɫɬɚɧɧɿɦ ɱɚɫɨɦ ɜɢɪɨɛɢ ɧɚ ɨɫɧɨɜɿ ɝɿɩɫɨɜɢɯ ɜ'ɹɠɭɱɢɯ ɦɚɬɟɪɿɚɥɿɜ 
ɨɞɟɪɠɚɥɢ ɡɧɚɱɧɟ ɩɨɲɢɪɟɧɧɹ, Ɍɨɦɭ ɳɨ ʀɯ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɨɡɜɨɥɹє ɩɿɞɜɢɳɢɬɢ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɩɪɚɰɿ ɿ ɹɤɿɫɬɶ 
ɜɢɤɨɧɚɧɧɹ ɪɨɛɿɬ. ɉɪɨɬɟ ʀɯ ɜɢɪɨɛɧɢɰɬɜɨ ɫɬɪɢɦɭєɬɶɫɹ ɜɿɞɫɭɬɧɿɫɬɸ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɢɯ ɫɭɯɢɯ ɞɨɛɚɜɨɤ. ȼɿɬɱɢɡɧɹɧɿ 
ɞɨɛɚɜɤɢ ɞɥɹ ɪɟɝɭɥɸɜɚɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɝɿɩɫɨɜɢɯ ɜ'ɹɠɭɱɢɯ ɩɟɪɟɛɭɜɚɸɬɶ ɜ ɨɫɧɨɜɧɨɦɭ ɜ ɪɿɞɤɨɦɭ ɫɬɚɧɿ. 
Ɂɚɫɬɨɫɭɜɚɧɧɹ ɿɦɩɨɪɬɧɢɯ ɞɨɛɚɜɨɤ ɡɛɿɥɶɲɭє ɜɚɪɬɿɫɬɶ ɜɢɪɨɛɿɜ. Ɉɞɢɧ ɿɡ ɧɚɩɪɹɦɿɜ ɨɬɪɢɦɚɧɧɹ ɫɭɯɢɯ ɞɨɛɚɜɨɤ – 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɥɿɜɿɧɿɥɚɰɟɬɚɬɧɨʀ ɞɢɫɩɟɪɫɿʀ, ɹɤɚ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɜ ɪɿɞɤɨɦɭ ɜɢɝɥɹɞɿ ɞɥɹ ɪɟɝɭɥɸɜɚɧɧɹ 
ɜɥɚɫɬɢɜɨɫɬɟɣ ɝɿɩɫɨɜɢɯ ɜ'ɹɠɭɱɢɯ ɦɚɬɟɪɿɚɥɿɜ. Ⱥɥɟ ɩɿɞ ɱɚɫ ɩɟɪɟɬɜɨɪɟɧɧɹ ɜ ɫɭɯɢɣ ɫɬɚɧ ɞɢɫɩɟɪɫɿɹ ɚɝɪɟɝɚɬɭєɬɶɫɹ. 
Ʉɪɿɦ ɬɨɝɨ, ɞɨɛɚɜɤɚ ɧɟ ɦɚє ɧɟɨɛɯɿɞɧɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ.  

Ɉɫɧɨɜɧɚ ɩɪɨɛɥɟɦɚ ɜɢɪɨɛɧɢɰɬɜɚ ɞɢɫɩɟɪɫɿɣɧɢɯ ɩɨɥɿɦɟɪɧɢɯ ɩɨɪɨɲɤɿɜ — ɰɟ ɪɨɡɪɨɛɥɟɧɧɹ ɦɟɯɚɧɿɡɦɭ ʀɯ 
ɞɢɫɩɟɪɝɭɜɚɧɧɹ ɬɚ ɭɬɜɨɪɟɧɧɹ ɩɥɿɜɤɢ, ɿ ɩɿɞɛɿɪ ɪɟɝɭɥɹɬɨɪɿɜ. Ɍɚɤ ɫɬɚɛɿɥɿɡɚɬɨɪɢ ɜ ɞɚɧɿɣ ɫɢɫɬɟɦɿ ɡɚɩɨɛɿɝɚɸɬɶ 
ɤɨɚɝɭɥɹɰɿʀ ɟɦɭɥɶɫɿʀ (ɞɢɫɩɟɪɫɿʀ). Ɂɚɯɢɫɧɢɣ ɤɨɥɨʀɞ ɡɚɛɟɡɩɟɱɭє ɨɬɪɢɦɚɧɧɹ ɞɢɫɩɟɪɫɿɣɧɨɝɨ ɩɨɪɨɲɤɭ, ɡɞɚɬɧɨɝɨ ɩɨɬɿɦ 
ɞɢɫɩɟɪɝɭɜɚɬɢɫɹ ɭ ɜɨɞɿ. І, ɧɚɪɟɲɬɿ, ɫɭɲɿɧɧɹ (ɜɢɞɚɥɟɧɧɹ ɜɨɥɨɝɢ) ɡɭɦɨɜɥɸє ɭɬɜɨɪɟɧɧɹ ɩɥɿɜɤɢ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɩɨɪɨɲɨɤ ɪɟɞɢɫɩɟɪɫɿɣɧɢɣ, ɦɚɬɟɪɿɚɥɢ ɜ'ɹɠɭɱɿ, ɞɨɛɚɜɤɢ, ɟɦɭɥɶɫɿɹ, ɞɢɫɩɟɪɫɿɹ ɩɨɥɿɜɿɧɿɥɚɰɟ-
ɬɚɬɧɚ 
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THE MECHANISM OF FORMATION OF REDISPERSIBLE  
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Summary. Statement of the problem. In recent years, products based on gypsum binding materials is 

widespread, as their application allows to increase the productivity and quality of work. However, their production is 

constrained by lack of efficient dry additives. Domestic additives for adjusting the properties of gypsum binders are 

mainly in the liquid state. The use of imported additives increases the cost of products. One of the ways to obtain the 

dry additive is the use of polyvinyl acetate dispersion, which is widely used in liquid form to adjust the properties of 

cementations materials. But by the reworking to the dry condition the dispersion is aggregated. Furthermore, the 

additive does not have the required functional properties.  

The main problem of the production of dispersible polymer powders is development of the mechanism of their 

dispersion and film formation, and selection of regulators. So the stabilizers in the system prevent the coagulation of the 

emulsion (dispersion). Protective colloid provides obtaining of the dispersion powder, then is able to disperse in the 

water. And, finally, drying (moisture removal) leads to the film formation. 

Keywords: redispersible powder, binding materials, additives, emulsion, polyvinylacetate dispersion

ȼɜɟɞɟɧɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɹɜɥɟɧɢɹ 
ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɜɟɪɲɟɧ-

ɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɪɨɢɡɨɲɥɚ ɫɭɳɟɫɬɜɟɧɧɚɹ 
ɩɟɪɟɨɰɟɧɤɚ ɩɨɞɯɨɞɨɜ ɤ ɜɵɛɨɪɭ ɦɚɬɟɪɢɚɥɨɜ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɨɬɞɟɥɨɱɧɵɯ ɢ ɦɨɧɬɚɠɧɵɯ 
ɪɚɛɨɬ. ɋɨɜɪɟɦɟɧɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ 
ɫɭɯɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɦɟɫɟɣ. ȼɨɡɦɨɠɧɨɫɬɶ 

ɬɨɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ 
ɫɜɨɣɫɬɜ, ɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ, ɫɧɢɠɟɧɢɸ 
ɡɚɬɪɚɬ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ ɢ ɯɪɚɧɟɧɢɟ, 
ɭɦɟɧɶɲɟɧɢɸ ɩɨɬɟɪɶ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ. 
ɗɬɢ ɢ ɞɪɭɝɢɟ ɩɨɤɚɡɚɬɟɥɢ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɸɬ 
ɫɦɟɫɢ ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ 
ɛɟɬɨɧɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Д1–
9]. 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɭɯɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɫɦɟɫɟɣ ɧɟɨɛɯɨɞɢɦɵɦɢ ɫɨɫɬɚɜɧɵɦɢ ɱɚɫɬɹɦɢ 
ɹɜɥɹɸɬɫɹ ɦɨɞɢɮɢɰɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ, 
ɪɟɝɭɥɢɪɭɸɳɢɟ ɫɪɨɤɢ ɫɯɜɚɬɵɜɚɧɢɹ, ɜɪɟɦɹ 
ɩɪɢɝɨɞɧɨɫɬɢ ɫɦɟɫɢ ɢ ɞɪɭɝɢɟ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɭɯɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɦɟɫɟɣ 
ɧɚ ɨɫɧɨɜɟ ɝɢɩɫɨɜɵɯ ɜɹɠɭɳɢɯ ɧɟɨɛɯɨɞɢɦɵ 

ɞɨɛɚɜɤɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɥɢ ɛɵ 
ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɬɜɟɪɞɟɧɢɹ 
ɜɹɠɭɳɟɝɨ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɟɞɟɥɚɯ Д4–6]. 

Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɩɭɛɥɢɤɚɰɢɣ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɍɤɪɚɢɧɟ ɧɟɞɨɫɬɚɬɨɱɧɨ 
ɪɚɡɜɢɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɭɯɢɯ ɞɨɛɚɜɨɤ, 
ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɢɯɨɞɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢɦɩɨɪɬɧɵɟ, ɞɨɜɨɥɶɧɨ ɞɨɪɨɝɨɫɬɨɹɳɢɟ, ɚ ɷɬɨ 
ɧɟ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɨɬɟɱɟɫɬɜɟɧɧɭɸ 
ɩɪɨɞɭɤɰɢɸ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɣ. 

Ɋɚɡɪɚɛɨɬɤɚ ɪɟɞɢɫɩɟɪɫɢɨɧɧɵɯ ɩɨɥɢɦɟɪ-

ɧɵɯ ɩɨɪɨɲɤɨɜ ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ 
ɚɫɫɨɪɬɢɦɟɧɬ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɞɨɛɚɜɨɤ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɭɯɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɦɟɫɟɣ ɢ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɜɵɫɢɬɶ ɢɯ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ Д6–12].  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ 
ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ 
ɪɟɞɢɫɩɟɪɫɢɨɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ ɧɚ 
ɨɫɧɨɜɟ ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɨɣ ɞɢɫɩɟɪɫɢɢ 
(ɉȼȺȾ), ɤɨɬɨɪɚɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɨɜ ɢ ɛɟɬɨɧɨɜ, ɢ 
ɝɢɞɪɚɬɚ ɨɤɢɫɢ ɤɚɥɶɰɢɹ ɋɚ(Ɉɇ)2. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ 
ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɉȼȺ 
ɫɨɫɬɚɜɥɹɟɬ 10–1600 ɚ.ɟ.ɦ., ɚ ɛɥɚɝɨɞɚɪɹ 

ɜɵɫɨɤɨɣ ɚɞɝɟɡɢɢ ɤɨ ɦɧɨɝɢɦ ɦɚɬɟɪɢɚɥɚɦ 
(ɫɬɟɤɥɭ, ɦɟɬɚɥɥɭ, ɞɪɟɜɟɫɢɧɟ ɢ ɞɪ.) 
ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬ ɜ ɜɢɞɟ ɞɢɫɩɟɪɫɢɢ ɜɜɨɞɹɬ ɜ 
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ɫɨɫɬɚɜ ɥɚɤɨɜ ɢ ɤɥɟɟɜ. ȿɝɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɤɪɵɬɢɣ ɞɥɹ ɞɟɪɟɜɚ, ɬɤɚɧɢ, 
ɛɭɦɚɝɢ (ɦɨɸɳɢɟɫɹ ɨɛɨɢ), ɱɟɪɟɩɢɰɵ, 
ɤɟɪɚɦɢɤɢ. 

ɉɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɚɹ ɞɢɫɩɟɪɫɢɹ ɜɯɨɞɢɬ ɜ 
ɫɨɫɬɚɜ ɩɨɥɢɦɟɪɰɟɦɟɧɬɧɵɯ ɢ 
ɩɨɥɢɦɟɪɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ, ɩɪɢɦɟɧɹɟɬɫɹ 
ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɟɫɲɨɜɧɵɯ ɩɨɥɨɜ, ɫɥɭɠɢɬ 
ɨɫɧɨɜɨɣ ɜɨɞɨɷɦɭɥɶɫɢɨɧɧɵɯ ɤɪɚɫɨɤ, ɤɨɬɨɪɵɟ 
ɜ 2–3 ɪɚɡɚ ɞɟɲɟɜɥɟ ɦɚɫɥɹɧɵɯ. 

ɉɨɥɢɦɟɪɧɵɟ ɞɨɛɚɜɤɢ ɤ ɛɟɬɨɧɚɦ ɢ 
ɪɚɫɬɜɨɪɧɵɦ ɫɦɟɫɹɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɯ 
ɤɚɱɟɫɬɜɚ ɞɟɣɫɬɜɭɸɬ ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɧɨ-

ɚɤɬɢɜɧɵɟ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɢɟ ɜɟɳɟɫɬɜɚ. 
Ɉɧɢ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɦɚɬɟɪɢɚɥɵ ɫ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɟɪɟɯɨɞɢɬɶ ɜ 
ɜɹɡɤɨɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɨɥɶɦɚɬɢɪɭɹ ɩɨɪɵ 
ɛɟɬɨɧɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɭɥɭɱɲɚɟɬɫɹ ɚɞɝɟɡɢɹ 
ɡɚɩɨɥɧɢɬɟɥɟɣ ɫ ɰɟɦɟɧɬɧɵɦ ɤɚɦɧɟɦ, 
ɩɨɜɵɲɚɸɬɫɹ ɬɚɤɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɤɚɤ ɩɥɨɬɧɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ, ɝɚɡɨ- ɢ 
ɜɨɡɞɭɯɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɦɨɪɨɡɨɫɬɨɣ-ɤɨɫɬɶ. 

Ɍɟɪɦɨɩɥɚɫɬɢɱɟɫɤɢɣ ɩɨɥɢɦɟɪ ɉȼȺ, 
ɨɛɪɚɡɭɹ ɜ ɛɟɬɨɧɟ ɷɥɚɫɬɢɱɧɵɟ ɫɥɨɢ, 
ɤɨɥɶɦɚɬɢɪɭɹ ɩɨɪɵ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɚɟɬ ɞɟɮɨɪɦɚɬɢɜɧɵɟ 
ɫɜɨɣɫɬɜɚ ɛɟɬɨɧɚ, ɩɨɜɵɲɚɟɬ ɟɝɨ ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɢɡɝɢɛɟ ɢ ɪɚɫɬɹɠɟɧɢɢ.  

Ɉɫɧɨɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫɢɧɬɟɡɚ ɉȼȺ, 
ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɟɫɬɶ: 
- ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɦɚɫɫɟ; 
- ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ; 
- ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɜɨɞɧɵɯ ɷɦɭɥɶɫɢɹɯ; 
- ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɹ. 
ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɦɚɫɫɟ ɩɪɨɜɨɞɢɬɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɧɚɝɪɟɜɚɧɢɹ ɜ ɮɨɪɦɟ ɫɦɟɫɢ 
ɢɫɯɨɞɧɨɝɨ ɦɨɧɨɦɟɪɚ ɫ ɢɧɢɰɢɚɬɨɪɨɦ ɢɥɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɷɬɨɝɨ ɦɟɬɨɞɚ — 

ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɬɜɨɞɨɦ ɬɟɩɥɚ, 
ɤɨɬɨɪɨɟ ɜɵɞɟɥɹɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ. 

ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ ɦɨɠɟɬ 
ɩɪɨɜɨɞɢɬɶɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. ɉɪɢ 
ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨ ɩɟɪɜɨɦɭ ɫɩɨɫɨɛɭ 
ɜɵɛɢɪɚɸɬ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ 
ɪɚɫɬɜɨɪɹɸɬ ɢɫɯɨɞɧɵɣ ɦɨɧɨɦɟɪ, ɧɨ ɧɟ 
ɪɚɫɬɜɨɪɹɸɬ ɩɨɥɢɦɟɪ, ɤɨɬɨɪɵɣ 
ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨ 
ɜɬɨɪɨɦɭ ɫɩɨɫɨɛɭ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ 

«ɥɚɤɨɜɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ», ɩɨɞɛɢɪɚɸɬ 
ɪɚɫɬɜɨɪɢɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɬɜɨɪɹɟɬɫɹ ɤɚɤ 
ɢɫɯɨɞɧɵɣ ɦɨɧɨɦɟɪ, ɬɚɤ ɢ ɩɨɥɢɦɟɪ, ɤɨɬɨɪɵɣ 
ɨɛɪɚɡɨɜɚɥɫɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ  
ɪɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɥɚɤɚ. 
ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ ɩɪɨɜɨɞɢɬɫɹ 

ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ (ɜɦɟɫɬɟ ɫ 
ɪɚɫɤɪɵɬɵɦ ɢɧɢɰɢɚɬɨɪɨɦ ɢɥɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɦ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ 
ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɩɨɥɢɦɟɪ ɫ ɧɟɛɨɥɶɲɨɣ 
ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶɸ (ɬɨ ɟɫɬɶ ɫ ɦɚɤɪɨ-

ɦɨɥɟɤɭɥɚɦɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ 
ɫɬɟɩɟɧɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ), ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨɥɢɦɟɪɢ-

ɡɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɜ ɦɚɫɫɟ. ɇɟɞɨɫɬɚɬɨɤ ɦɟɬɨɞɚ 
– ɩɨɥɢɦɟɪɵ ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɦɨɥɟɤɭɥɹɪɧɭɸ 
ɦɚɫɫɭ, ɱɟɦ ɩɪɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɦɚɫɫɟ, 
ɜɫɥɟɞɫɬɜɢɟ ɥɟɝɤɨɝɨ ɪɚɡɪɵɜɚ ɪɟɚɤɰɢɨɧɧɨɣ 
ɰɟɩɢ ɩɨɞ ɜɥɢɹɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɜɨɞɧɵɯ ɷɦɭɥɶɫɢɹɯ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɦɨɧɨɦɟɪɵ 
ɷɦɭɥɶɝɢɪɭɸɬ ɜ ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɟɧɧɨɣ ɜɨɞɟ. 
Ⱦɥɹ ɨɛɥɟɝɱɟɧɢɹ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɦɨɧɨɦɟɪɚ 
ɤ ɫɦɟɫɢ ɩɪɢɛɚɜɥɹɸɬ ɷɦɭɥɶɝɚɬɨɪ (ɜɟɳɟɫɬɜɨ, 
ɤɨɬɨɪɨɟ ɫɧɢɠɚɟɬ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ 
ɧɚ ɝɪɚɧɢɰɟ ɤɚɩɥɢ ɦɨɧɨɦɟɪɚ ɫ ɜɨɞɨɣ). ȼ 
ɤɚɱɟɫɬɜɟ ɷɦɭɥɶɝɚɬɨɪɨɜ ɩɪɢɦɟɧɹɸɬ 
ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ  ɜɟɳɟɫɬɜɚ (ɫɨɥɢ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɥɶɮɨɤɢɫɥɨɬ ɢ ɞɪ.), 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ 
ɫɨɟɞɢɧɟɧɢɹ (ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ) ɢɥɢ 
ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ ɝɢɞɪɨɮɢɥɶɧɵɟ ɩɨɪɨɲɤɢ 
(ɬɚɥɶɤ, ɨɤɫɢɞɵ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ ɢ ɞɪ.). 

ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɜ ɜɨɞɧɵɯ ɷɦɭɥɶɫɢɹɯ — 

ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ 
ɩɨɥɢɦɟɪɨɜ, ɤɨɬɨɪɵɣ ɛɵɫɬɪɨ ɩɪɢɨɛɪɟɬɚɟɬ 
ɨɛɳɟɟ ɩɪɢɡɧɚɧɢɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ. ɗɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ 
ɩɨɥɢɦɟɪɨɜ ɠɟɥɚɬɟɥɶɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɦɚɫɫɵ ɢ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ. 
Ɂɧɚɱɢɬɟɥɶɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɷɬɨɝɨ ɦɟɬɨɞɚ 
ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɛɨɥɶɲɚɹ 
ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɢ ɭɞɨɛɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɩɪɨɰɟɫɫɚ. 

ɉɨɥɢɤɨɧɞɟɧɫɚɰɢɸ ɩɪɨɜɨɞɹɬ ɜ ɪɟɚɤɬɨɪɚɯ 
ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ. Ɋɟɚɤɰɢɹ 
ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɭɫɤɨɪɹɟɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɢɫɥɨɝɨ ɢɥɢ ɳɟɥɨɱɧɨɝɨ 
ɯɚɪɚɤɬɟɪɚ. 
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ɉɪɨɛɥɟɦɨɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɵɯ ɞɢɫɩɟɪɫɢɣ ɜ ɤɚɱɟɫɬɜɟ 
ɩɨɥɢɦɟɪɧɨɣ ɞɨɛɚɜɤɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɫɭɯɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɦɟɫɟɣ ɹɜɥɹɟɬɫɹ 
ɨɬɫɭɬɫɬɜɢɟ ɢɯ ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
Ɋɚɡɪɚɛɨɬɚɧ ɫɨɫɬɚɜ ɞɨɛɚɜɤɢ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɨɣ ɞɢɫɩɟɪɫɢɢ ɜ ɫɭɯɨɦ 
ɫɨɫɬɨɹɧɢɢ ɞɥɹ ɡɚɦɟɞɥɟɧɢɹ ɫɪɨɤɨɜ 
ɫɯɜɚɬɵɜɚɧɢɹ ɫɭɯɢɯ ɝɢɩɫɨɜɵɯ ɫɦɟɫɟɣ. 

ɉɨ ɩɪɟɞɥɨɠɟɧɢɸ ɚɜɬɨɪɨɜ ɜ ɫɨɫɬɚɜ 
ɪɟɞɢɫɩɟɪɫɢɨɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ 
(Ɋɉɉ) ɞɨɥɠɧɚ ɜɯɨɞɢɬɶ ɧɟɝɚɲɟɧɚɹ ɢɡɜɟɫɬɶ 

(CaO) ɢ ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɚɹ ɞɢɫɩɟɪɫɢɹ 
(ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɩɥɨɬɧɨɫɬɢ). 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɨɣ 
ɞɢɫɩɟɪɫɢɢ, ɩɪɢ ɝɚɲɟɧɢɢ, ɢɡɜɟɫɬɶ ɛɭɞɟɬ 
ɝɢɞɪɚɬɢɪɨɜɚɬɶɫɹ ɜɨɞɨɣ ɉȼȺȾ ɫ ɜɵɞɟɥɟɧɢɟɦ 
ɬɟɩɥɚ ɩɨ ɪɟɚɤɰɢɢ: 

ɋɚɈ + ɇ2Ɉ → ɋɚ(Ɉɇ)2 + Q 

ȼ ɬɨɠɟ ɜɪɟɦɹ ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɳɟɥɨɱɧɨɦɭ ɝɢɞɪɨɥɢɡɭ, 
ɦɟɯɚɧɢɡɦ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ 
ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɨɣ: 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɞɧɢɦ ɢɡ ɩɪɨɞɭɤɬɨɜ 

ɪɟɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ, 
ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɨɟɧɢɹ, ɦɨɥɟɤɭɥɵ ɤɨɬɨɪɨɝɨ 
ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɝɢɞɪɨɮɢɥɶɧɵɯ Ɉɇ – 

ɝɪɭɩɩ, ɨɛɥɚɞɚɸɳɢɯ ɛɨɥɶɲɢɦ ɫɪɨɞɫɬɜɨɦ ɤ 
ɢɨɧɧɵɦ ɢ ɩɨɥɹɪɧɵɦ ɫɬɪɭɤɬɭɪɚɦ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɪɚɞɢɤɚɥ 

ɧɟɩɨɥɹɪɟɧ ɢ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɮɨɛɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɥɟɤɭɥɵ.  

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɝɢɞɪɨɮɢɥɶɧɚɹ 
ɱɚɫɬɶ ɦɨɥɟɤɭɥɵ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ, 
ɹɜɥɹɹɫɶ ɢɨɧɨɝɟɧɧɨɣ, ɛɭɞɟɬ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɝɢɩɫɨɜɨɝɨ ɜɹɠɭɳɟɝɨ, 

ɨɛɪɚɡɭɹ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɭɸ ɩɥɟɧɤɭ, 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɭɸ ɫɜɨɟɣ ɝɢɞɪɨɮɨɛɧɨɣ 
ɱɚɫɬɶɸ ɨɬ ɱɚɫɬɢɰ ɝɢɩɫɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ 
ɹɜɥɹɟɬɫɹ ɡɚɦɟɞɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɝɢɞɪɚɬɚɰɢɢ 
ɝɢɩɫɨɜɨɝɨ ɜɹɠɭɳɟɝɨ ɢ ɭɜɟɥɢɱɟɧɢɟ ɫɪɨɤɨɜ 
ɫɯɜɚɬɵɜɚɧɢɹ.  

Ʉɪɨɦɟ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɨɛɪɚɡɭɟɬɫɹ 
ɚɰɟɬɚɬ ɤɚɥɶɰɢɹ ɩɨ ɫɯɟɦɟ: 
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Ⱥɰɟɬɚɬ ɤɚɥɶɰɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɝɢɩɫɨɜɨɝɨ ɜɹɠɭɳɟɝɨ, ɬɚɤ ɤɚɤ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɢɨɧɨɜ ɤɚɥɶɰɢɹ ɜ ɪɚɫɬɜɨɪɟ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɧɬɪɨɜ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (CaSO4·2H2O) ɢ, ɤɚɤ 
ɪɟɡɭɥɶɬɚɬ, ɡɚɦɟɞɥɟɧɢɸ ɫɪɨɤɨɜ ɫɯɜɚɬɵɜɚɧɢɹ 
ɝɢɩɫɨɜɵɯ ɜɹɠɭɳɢɯ. 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɝɢɩɨɬɟɡɚ ɩɨɥɭɱɟɧɢɹ ɫɭɯɨɣ 
ɞɨɛɚɜɤɢ ɧɚ ɨɫɧɨɜɟ ɦɢɧɟɪɚɥɶɧɨɝɨ ɩɨɪɨɲɤɚ ɢ 
ɩɨɥɢɜɢɧɢɥɚɰɟɬɚɬɧɨɣ ɞɢɫɩɟɪɫɢɢ ɞɥɹ ɪɟɝɭɥɢ-
ɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɫɭɯɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɦɟɫɟɣ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦɢ ɨɩɵɬɚ-
ɦɢ, ɧɚɩɪɢɦɟɪ, ɜɪɟɦɹ ɧɚɱɚɥɚ ɫɯɜɚɬɵɜɚɧɢɹ 
ɝɢɩɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 9 ɞɨ 25 ɦɢɧɭɬ. 

Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ 
ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 
ɨɩɬɢɦɢɡɚɰɢɸ ɫɨɫɬɚɜɨɜ Ɋɉɉ ɧɚ ɨɫɧɨɜɟ ɉȼȺ 
ɩɨ ɨɫɧɨɜɧɵɦ ɫɜɨɣɫɬɜɚɦ ɫɭɯɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɫɦɟɫɟɣ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɢɯ ɩɨɥɭɱɟɧɢɹ. 

ɇɚɥɢɱɢɟ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ 
ɪɟɞɢɫɩɟɪɫɢɨɧɧɨɦ ɩɨɥɢɦɟɪɧɨɦ ɩɨɪɨɲɤɟ 
ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɶɰɢɹ, ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ, ɫɨɥɟɣ ɚɰɟɬɚɬɚ ɤɚɥɶɰɢɹ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɦ 
ɚɧɚɥɢɡɨɦ. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɞɨɛɚɜɤɢ (ɪɢɫ. 1) 
ɩɨɤɚɡɚɥɚ ɫɨɞɟɪɠɚɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ: 
ɷɬɨ ɋɚ(Ɉɇ)2 (ɥɢɧɢɢ 0,312; 0,498; 0,169; 0,18 
ɧɦ), ɫɨɥɢ ɚɰɟɬɚɬɚ ɤɚɥɶɰɢɹ (ɥɢɧɢɢ 0,117; 
0,854; 0,744 ɧɦ) ɥɢɧɢɢ 0,252; 0,257 ɧɦ, 
ɫɨɝɥɚɫɧɨ Д1; 2; 6Ж ɩɪɢɧɚɞɥɟɠɚɬ 
ɩɨɥɢɜɢɧɢɥɨɜɨɦɭ ɫɩɢɪɬɭ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɞɨɛɚɜɤɢ (ɪɢɫ. 2), 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɦɢ 
ɤɪɢɫɬɚɥɥɚɦɢ ɨɤɪɭɝɥɟɧɧɨɣ ɮɨɪɦɵ. 

 

 

 

Ɋɢɫ. 2. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɩɨɪɨɲɤɚ ɞɨɛɚɜɤɢ 
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Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɝɢɞɪɚɬɚɰɢɢ ɩɨɥɭɜɨɞɧɨɝɨ ɝɢɩɫɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɨɛɚɜɨɤ 

Ɍɟɩɥɨɜɵɞɟɥɟɧɢɟ ɩɪɢ ɝɢɞɪɚɬɚɰɢɢ 
ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɝɢɩɫɚ ɫ ɞɨɛɚɜɤɚɦɢ Ɋɉɉ ɜ 
ɤɨɥɢɱɟɫɬɜɟ 1,5 % ɩɨ ɦɚɫɫɟ ɝɢɩɫɚ 
ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ 
ɩɨɥɭɜɨɞɧɨɝɨ ɝɢɩɫɚ ɱɢɫɬɨɝɨ (ɪɢɫ. 3). 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɩɢɤ ɬɟɪɦɨɞɢ-ɧɚɦɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɝɢɞɪɚɬɚɰɢɢ ɝɢɩɫɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɫ 
ɞɨɛɚɜɤɚɦɢ Ɋɉɉ ɧɚ 3–5 

ɨɋ ɧɢɠɟ, ɱɟɦ ɱɢɫɬɨɝɨ, ɢ 
ɫɨɫɬɚɜɥɹɟɬ 38–40

 ɨɋ. 
ɉɟɪɢɨɞ ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɢɦɟɪɧɨ ɪɚɜɟɧ ɪɚɡɧɢɰɟ ɜɨ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 
ɧɚɱɚɥɨɦ ɢ ɤɨɧɰɨɦ ɫɯɜɚɬɵɜɚɧɢɹ. ȼɪɟɦɹ 
ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢɦɟɪɧɨ 
ɱɟɪɟɡ 1,0–1,5 ɱɚɫɚ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɤɨɧɱɚɧɢɟɦ 
ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɚɬɚɰɢɢ ɜɹɠɭɳɟɝɨ. 

Ɂɚɦɟɞɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɝɢɞɪɚɬɚɰɢɢ 
ɝɢɩɫɨɜɵɯ ɜɹɠɭɳɢɯ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɫɦɟɫɟɣ ɝɢɩɫɚ ɫ ɞɨɛɚɜɤɨɣ ɪɟɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
ɩɨɥɢɦɟɪɧɨɝɨ ɩɨɪɨɲɤɚ. ȼ ɫɨɫɬɚɜ 
ɪɟɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɩɨɪɨɲɤɚ ɜɯɨɞɢɬ 
ɝɢɞɪɨɤɫɢɞ ɤɚɥɶɰɢɹ CК(Ɉɇ)2. ɉɪɢ 
ɫɦɟɲɢɜɚɧɢɢ ɝɢɩɫɨɜɨɝɨ ɜɹɠɭɳɟɝɨ ɫ 
ɞɨɛɚɜɤɨɣ Ɋɉɉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɤɚɥɶɰɢɹ 2ɋɚ  ɜ 
ɪɚɫɬɜɨɪɟ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, [5; 7; 10; 11] 

ɩɪɨɢɡɜɟɞɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɬɨɱɧɟɟ 
ɚɤɬɢɜɧɨɫɬɟɣ) ɢɨɧɨɜ ɤɚɤɨɝɨ-ɥɢɛɨ 
ɦɚɥɨɪɚɫɬɜɨɪɢɦɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɜ 
ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɟɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɜɟɥɢɱɢɧɭ, ɩɨɫɬɨɹɧɧɭɸ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɪɚɜɧɭɸ ɩɪɨɢɡɜɟɞɟɧɢɸ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɷɥɟɤɬɪɨɥɢɬɚ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 
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ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɤɚɥɶɰɢɹ ɜ ɪɚɫɬɜɨɪɟ; 
m – ɦɚɫɫɚ ɨɤɫɢɞɚ ɋɚɈ ɜ ɪɚɫɬɜɨɪɟ, ɝ; 

Ɇ – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɋɚɈ = 56 
ɝ/ɦɨɥɶ. 

Ɋɚɫɱɟɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɋɚSO4 ɩɨ ɜɵɲɟ 
ɩɪɢɜɟɞɟɧɧɵɦ ɮɨɪɦɭɥɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɫɯɨɞɚ ɪɟɞɢɫɩɟɪɫɢɨɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ 
ɩɨɪɨɲɤɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬ ɦɚɫɫɵ ɋɚɈ 
ɜ ɪɚɫɬɜɨɪɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
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Ɍ ɚ ɛ ɥ ɢ ɰ ɚ   

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɋɚSO4 

ɋɨɞɟɪɠɚɧɢɟ Ɋɉɉ 
ɜ ɝɢɩɫɨɜɨɣ ɫɦɟɫɢ, 

% 

ɋɨɨɬɧɨɲɟɧɢɟ  
ɋɚɈ : ɉȼȺȾ 

 ɜ Ɋɉɉ 

Ɇɚɫɫɚ ɋɚɈ ɜ 
Ɋɉɉ, ɝ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɢɨɧɨɜ ɋɚɈ ɜ 

ɪɚɫɬɜɨɪɟ 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ, 
ɦɨɥɶ/ɥ 

1 1,3 : 1 1,7 0,0304 0,164 

1,5 1,3 : 1 2,54 0,045 0,111 

2 1,3 : 1 3,4 0,0607 0,0823 

2,5 1,3 : 1 4,24 0,0757 0,066 

3 1,3 : 1 5,1 0,091 0,0549 
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ɋɌɊɈɂɌȿɅɖɇɕȿ ɆȺɌȿɊɂȺɅɕ ɂ ɂɁȾȿɅɂə ɇȺ ɈɋɇɈȼȿ 
ɒɅȺɄɈȼ ɋɂɅɂɄɈɆȺɊȽȺɇɐȺ 

ȻɈɅɖɒȺɄɈȼ ȼ. ɂ.1, ɞ. ɬ. ɧ, ɩɪɨɮ., 

ȿɅɂɋȿȿȼȺ Ɇ. Ⱥ. 2*
, ɤ. ɬ. ɧ., 

ɇȿȼȿȾɈɆɋɄɂɃ ȼ. Ⱥ.3, ɤ. ɬ. ɧ., 
ɓȿɊȻȺɄ ɋ. Ⱥ.4, ɞ. ɬ. ɧ., ɩɪɨɮ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,   
ɬɟɥ. (056) 745-23-72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
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3 Ʉɚɮɟɞɪɚ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ 
«ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 
49005, ɍɤɪɚɢɧɚ, ɬɟɥ. +38 (050) 157 92 67, e-mail: nevedomsky47@gmail.com 
4 Ʉɚɮɟɞɪɚ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ 
«ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 
49005, ɍɤɪɚɢɧɚ, ɬɟɥ. +38 (095) 243 32 09, e-mail: aspirant@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0346-4436 

Ⱥɧɧɨɬɚɰɢɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɨɛɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɥɢ ɜɨɩɪɨɫɵ 
ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɜɢɞɨɜ ɬɟɯɧɢɤɢ ɢ 
ɬɟɯɧɨɥɨɝɢɢ; ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɵɪɶɹ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɤɥɸɱɚɸɳɢɟ ɢɥɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɳɢɟ ɢɯ 
ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɫɨɬɧɢ ɬɵɫɹɱ ɬɨɧɧ ɨɝɧɟɧɧɨɠɢɞɤɢɯ 
ɲɥɚɤɨɜ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɷɮɮɟɤɬɢɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɫɩɨɫɨɛɧɵɟ ɡɚɦɟɧɢɬɶ 
ɦɟɬɚɥɥɵ, ɧɟɪɭɞɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɛɟɬɨɧɵ, ɤɚɦɟɧɧɨɟ ɥɢɬɶɟ, 
ɩɥɚɫɬɦɚɫɫɵ ɢ ɨɝɧɟɭɩɨɪɵ. Цɟɥɶ ɫɬɚɬɶɢ — ɢɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ 
ɢɡ ɲɥɚɤɨɜ ɷɥɟɤɬɪɨɩɟɱɧɨɝɨ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ. Вɵɜɨɞɵ. ɒɥɚɤɢ ɨɬ ɜɵɩɥɚɜɤɢ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɨɬɧɨɫɹɬɫɹ ɤ 
ɤɚɬɟɝɨɪɢɢ ɤɢɫɥɵɯ. Ɇɨɞɭɥɶ ɢɯ ɨɫɧɨɜɧɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,47–0,52. ɋɨɫɬɚɜ ɲɥɚɤɚ ɪɚɫɩɨɥɨɠɟɧ ɜ 
ɥɢɤɜɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ SТO2 ɜɛɥɢɡɢ ɥɢɧɢɢ ɜɵɞɟɥɟɧɢɹ ɤɪɢɫɬɨɛɚɥɢɬɚ ɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɜ ɨɛɥɚɫɬɶ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɨɥɥɚɫɬɨɧɢɬɚ, ɫɨɝɥɚɫɧɨ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɆЧɈ-ɋɚɈ-SiO2, ɱɬɨ, ɭɱɢɬɵɜɚɹ ɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ, 
ɩɨɡɜɨɥɹɟɬ ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɳɟɛɧɹ, ɩɟɫɤɚ, ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ 
ɲɥɚɤɨɜ ɢ ɞɪ.) ɢ ɢɡɞɟɥɢɣ (ɮɭɧɞɚɦɟɧɬɧɵɯ ɛɥɨɤɨɜ, ɞɨɪɨɠɧɵɯ ɩɥɢɬ, ɤɨɧɬɟɣɧɟɪɨɜ ɞɥɹ ɩɟɪɟɜɨɡɤɢ ɢ ɯɪɚɧɟɧɢɹ 
ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɢ ɞɪ.). 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɲɥɚɤɢ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ, ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɨɝɟɧɧɨɠɢɞɤɢɯ ɲɥɚɤɨɜ, ɯɢɦɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ ɲɥɚɤɨɜ, ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɢɡɞɟɥɢɹ, ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɲɥɚɤɨɥɢɬɵɯ ɢɡɞɟɥɢɣ 
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1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
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ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (050) 157 92 67, e-mail: nevedomsky47@gmail.com 
4 Ʉɚɮɟɞɪɚ ɬɟɯɧɨɥɨɝɿʀ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɜɢɪɨɛɿɜ ɬɚ ɤɨɧɫɬɪɭɤɰɿɣ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ 

«ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, 

ɍɤɪɚʀɧɚ, ɬɟɥ. +38 (095) 243 32 09, e-mail: aspirant@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0346-4436 

Ⱥɧɨɬɚɰіɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɇɚɪɚɡɿ ɨɫɨɛɥɢɜɨʀ ɚɤɬɭɚɥɶɧɨɫɬɿ ɧɚɛɭɥɢ ɩɢɬɚɧɧɹ ɜɩɪɨɜɚɞɠɟɧɧɹ ɭ 
ɜɢɪɨɛɧɢɰɬɜɨ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɬɚ ɜɢɪɨɛɿɜ ɪɟɫɭɪɫɨɡɛɟɪɿɝɚɥɶɧɢɯ ɜɢɞɿɜ ɬɟɯɧɿɤɢ ɿ ɬɟɯɧɨɥɨɝɿʀ; ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɢɪɨɜɢɧɢ ɿ ɦɚɬɟɪɿɚɥɿɜ, ɳɨ ɜɢɤɥɸɱɚɸɬɶ ɚɛɨ ɿɫɬɨɬɧɨ ɡɧɢɠɭɸɬɶ ʀɯ ɲɤɿɞɥɢɜɢɣ ɜɩɥɢɜ ɧɚ ɧɚɜɤɨɥɢɲɧє 
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ɫɟɪɟɞɨɜɢɳɟ. ɐɟ ɞɨɡɜɨɥɹє ɭɬɢɥɿɡɭɜɚɬɢ ɫɨɬɧɿ ɬɢɫɹɱ ɬɨɧɧ ɜɨɝɧɹɧɨɪɿɞɤɢɯ ɲɥɚɤɿɜ ɫɢɥɿɤɨɦɚɪɝɚɧɰɸ ɿ ɪɨɡɪɨɛɢɬɢ 
ɟɮɟɤɬɢɜɧɿ ɤɨɧɫɬɪɭɤɰɿɣɧɿ ɦɚɬɟɪɿɚɥɢ, ɡɞɚɬɧɿ ɡɚɦɿɧɢɬɢ ɦɟɬɚɥɢ, ɧɟɪɭɞɧɿ ɛɭɞɿɜɟɥɶɧɿ ɦɚɬɟɪɿɚɥɢ ɩɪɢɪɨɞɧɨɝɨ 
ɩɨɯɨɞɠɟɧɧɹ, ɛɟɬɨɧɢ, ɤɚɦ'ɹɧɟ ɥɢɬɬɹ, ɩɥɚɫɬɦɚɫɢ ɿ ɜɨɝɧɟɬɪɢɜɢ. Ɇɟɬɚ ɫɬɚɬɬɿ — ɜɢɜɱɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɬɚ 
ɜɥɚɫɬɢɜɨɫɬɟɣ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɿ ɜɢɪɨɛɿɜ ɿɡ ɲɥɚɤɿɜ ɟɥɟɤɬɪɨɩɿɱɧɨɝɨ ɫɢɥɿɤɨɦɚɪɝɚɧɰɸ. Вɢɫɧɨɜɤɢ. ɒɥɚɤɢ ɜɿɞ 
ɜɢɩɥɚɜɤɢ ɫɢɥɿɤɨɦɚɪɝɚɧɰɸ ɧɚɥɟɠɚɬɶ ɞɨ ɤɚɬɟɝɨɪɿʀ ɤɢɫɥɢɯ. Ɇɨɞɭɥɶ ʀɯ ɨɫɧɨɜɧɨɫɬɿ ɩɟɪɟɛɭɜɚє ɜ ɦɟɠɚɯ  
0,47–0,52. ɋɤɥɚɞ ɲɥɚɤɭ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɥɿɤɜɚɰɿɣɧɿɣ ɨɛɥɚɫɬɿ SiO2 ɩɨɛɥɢɡɭ ɥɿɧɿʀ ɜɢɞɿɥɟɧɧɹ ɤɪɢɫɬɨɛɚɥɿɬɭ ɡ 
ɩɨɲɢɪɟɧɧɹɦ ɜ ɨɛɥɚɫɬɶ ɤɪɢɫɬɚɥɿɡɚɰɿʀ ɜɨɥɚɫɬɨɧɿɬɭ, ɡɝɿɞɧɨ ɡ ɩɨɬɪɿɣɧɨɸ ɫɢɫɬɟɦɨɸ ɆnɈ-ɋɚɈ-SiO2, ɳɨ, ɡ ɨɝɥɹɞɭ ɧɚ 
ʀɯ ɫɬɚɛɿɥɶɧɿɫɬɶ, ɞɨɡɜɨɥɹє ɪɨɡɪɨɛɢɬɢ ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ (ɳɟɛɟɧɸ, ɩɿɫɤɭ, 
ɝɪɚɧɭɥɶɨɜɚɧɢɯ ɲɥɚɤɿɜ ɬɚ ɿɧ.) ɿ ɜɢɪɨɛɿɜ (ɮɭɧɞɚɦɟɧɬɧɢɯ ɛɥɨɤɿɜ, ɞɨɪɨɠɧɿɯ ɩɥɢɬ, ɤɨɧɬɟɣɧɟɪɿɜ ɞɥɹ ɩɟɪɟɜɟɡɟɧɧɹ ɿ 
ɡɛɟɪɿɝɚɧɧɹ ɧɟɛɟɡɩɟɱɧɢɯ ɜɿɞɯɨɞɿɜ ɬɚ ɿɧ.). 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɲɥɚɤɢ ɫɢɥɿɤɨɦɚɪɝɚɧɰɸ, ɫɬɪɭɤɬɭɪɚ ɬɚ ɜɥɚɫɬɢɜɨɫɬɿ ɜɨɝɧɹɧɨɪɿɞɤɢɯ ɲɥɚɤɿɜ, ɯɿɦɿɱɧɢɣ ɫɤɥɚɞ 
ɲɥɚɤɿɜ, ɛɭɞɿɜɟɥɶɧɿ ɦɚɬɟɪɿɚɥɢ ɬɚ ɜɢɪɨɛɢ, ɦɿɰɧɿɫɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɲɥɚɤɨɥɢɬɢɯ ɜɢɪɨɛɿɜ 
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Summary. Raising of problem. Currently of particular relevance was given to the matter of introduction in 

manufacture of building materials and products, resource-saving techniques and technologies; integrated use of raw 

materials and materials that prevent or significantly reduce their harmful impact on the environment. This allows you to 

recycle hundreds of thousands of tons of the fiery liquid slags of silicon manganese and to develop effective structural 

materials that can replace metals, non-metallic building materials of natural origin, concretes, cast stone, plastics and 

refractories. Purpose. The study of the structure and properties of building materials and products from electric furnace 

slag of silicon manganese. Conclusion. Slags from the smelting of silicon manganese are classified as acidic. Their lime 

factor is in the range of 0.47–0.52. The composition of the slag located in the heterogeneous region SiO2 near the line of 

separation of cristobalite spread to the crystallization of wollastonite, according to the ternary system MnO-CaO-SiO2, 

which in consideration of their stability, allows the development of technology of building materials (gravel, sand, 

granulated slag, etc.) and products (foundation blocks, road slabs, containers for transportation and storage of hazardous 

waste, and others). 

Keywords: silicon manganese slags, structure and properties of the fiery-liquid slags, the chemical composition of 

the slags, building materials and products, the strength properties of slagcast products 

 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɨɫɨɛɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɥɢ 
ɜɨɩɪɨɫɵ ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɜɢɞɨɜ ɬɟɯɧɢɤɢ ɢ 
ɬɟɯɧɨɥɨɝɢɢ; ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɵɪɶɹ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɤɥɸɱɚɸɳɢɟ ɢɥɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɳɢɟ ɢɯ ɜɪɟɞɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

Ʉɨɦɩɥɟɤɫɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ 
ɩɪɨɛɥɟɦɨɣ ɨɯɪɚɧɵ ɩɪɢɪɨɞɵ, ɚ ɨɞɧɢɦ ɢɡ 

ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ ɟɺ ɡɚɳɢɬɵ ɹɜɥɹɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɷɧɟɪɝɨ- ɢ 
ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɫɨɬɧɢ ɬɵɫɹɱ 
ɬɨɧɧ ɨɝɧɟɧɧɨɠɢɞɤɢɯ ɲɥɚɤɨɜ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ Д11–14Ж. ɂɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɢ ɢɡɞɟɥɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɟɲɟɧɢɸ ɤɨɦɩɥɟɤɫɚ 
ɜɚɠɧɵɯ ɧɚɪɨɞɧɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɡɚɞɚɱ: 
ɷɤɨɧɨɦɢɢ ɫɵɪɶɹ, ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ 
ɪɚɡɪɚɛɨɬɤɢ ɷɮɮɟɤɬɢɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
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ɦɚɬɟɪɢɚɥɨɜ, ɫɩɨɫɨɛɧɵɯ ɡɚɦɟɧɢɬɶ ɦɟɬɚɥɥɵ, 
ɧɟɪɭɞɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɛɟɬɨɧɵ, 
ɤɚɦɟɧɧɨɟ ɥɢɬɶɟ, ɩɥɚɫɬɦɚɫɫɵ ɢ ɨɝɧɟɭɩɨɪɵ 
[13]. 

ɐɟɥɶ ɫɬɚɬɶɢ — ɢɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ 
ɫɜɨɣɫɬɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ 
ɢɡ ɲɥɚɤɨɜ ɷɥɟɤɬɪɨɩɟɱɧɨɝɨ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ. 

ɂɡɥɨɠɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
ȼɵɯɨɞ ɲɥɚɤɨɜ ɮɟɪɪɨɫɩɥɚɜɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɍɤɪɚɢɧɵ 
ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 0,9 ɦɥɧ ɬ ɜ ɝɨɞ Д1Ж. 
Ɂɚɬɜɟɪɞɟɜɲɢɟ ɲɥɚɤɢ ɞɪɨɛɹɬ, ɫɨɪɬɢɪɭɸɬ, 
ɩɟɪɟɪɚɛɚɬɵɜɚɸɬ ɧɚ ɳɟɛɟɧɶ ɢ ɩɟɫɨɤ ɞɥɹ 
ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɀɢɞɤɢɟ ɲɥɚɤɢ 
ɩɨɞɜɟɪɝɚɸɬ ɝɪɚɧɭɥɹɰɢɢ ɢ ɢɫɩɨɥɶɡɭɸɬ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɫɨɛɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɤɚɤ ɫɵɪɶɟɜɵɟ ɦɚɬɟɪɢɚɥɵ Д10Ж. ɉɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɲɥɚɤɢ ɬɨɜɚɪɧɨɝɨ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɨɬɧɨɫɹɬɫɹ ɤ ɫɢɫɬɟɦɟ 
SiO2-ɆnɈ-ɋɚɈ-MgO–Al2O3-(Na, K)2O. 

ɋɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɲɥɚɤɚɯ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ 
ɈȺɈ ɇɁɎ ɫɨɫɬɚɜɢɥɨ: 50,56 % SiɈ2; 14,9 % 

ɋɚɈ, 4,39 % MgO, 15,12 % ɆnɈ. ɉɪɟɞɟɥɵ 
ɫɨɞɟɪɠɚɧɢɣ ɨɫɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ: 
1,7-10,5 % (Na,K)2O, 8-10 % Al2O3 , 2 -3 % 

FeO, 0,6-1,2 % S
2-

. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɩɪɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ 
ɨɤɨɥɨ 1300 ɫɟɪɢɣɧɵɯ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɯ 
ɚɧɚɥɢɡɨɜ ɫɨɫɬɚɜɥɹɥɨ (ɦɚɫɫ.%) 0,29 SiO2, 

1,34 ɋɚɈ, 0,55 MgO, 1,65 ɆnɈ. ɋɨɫɬɚɜ 
ɲɥɚɤɚ ɪɚɫɩɨɥɨɠɟɧ ɜ ɥɢɤɜɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ 
SiO2 ɜɛɥɢɡɢ ɥɢɧɢɢ ɜɵɞɟɥɟɧɢɹ ɤɪɢɫɬɨɛɚɥɢɬɚ 
ɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɜ ɨɛɥɚɫɬɶ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɨɥɥɚɫɬɨɧɢɬɚ, ɫɨɝɥɚɫɧɨ 
ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɆnɈ-ɋɚɈ–SiO2 [3; 9; 10]. 

Ɂɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɣ ɲɥɚɤ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɚɫɵɳɟɧ SiO2, ɚ ɦɚɪɝɚɧɟɰ 
ɜɯɨɞɢɬ ɜ ɫɢɥɢɤɚɬɧɨɟ ɦɚɪɝɚɧɰɟɜɨɟ ɫɬɟɤɥɨ. 

Ɇɢɧɟɪɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɞɭɤɬɨɜ 
ɩɟɪɟɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ 
ɨɫɧɨɜɚɧɢɣ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ, ɫɥɭɠɢɬ 
ɢɧɟɪɬɧɵɦ ɧɚɩɨɥɧɢɬɟɥɟɦ ɞɥɹ ɡɚɤɥɚɞɤɢ ɜ 
ɝɨɪɧɵɟ ɜɵɪɚɛɨɬɤɢ. Ɇɟɬɚɥɥɨɩɪɨɞɭɤɬ, 
ɢɡɜɥɟɱɟɧɧɵɣ ɢɡ ɨɬɜɚɥɶɧɨɝɨ ɲɥɚɤɚ, 
ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɩɟɪɟɩɥɚɜɤɭ Д9–12]. 

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɲɥɚɤɢ ɨɬ 
ɜɵɩɥɚɜɤɢ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɨɬɧɨɫɹɬɫɹ ɤ 
ɤɚɬɟɝɨɪɢɢ ɤɢɫɥɵɯ. Ɇɨɞɭɥɶ ɢɯ ɨɫɧɨɜɧɨɫɬɢ 

ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,47…0,52 Д2Ж. 
ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɨɧɢ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. Ɍɚɤ ɤɚɤ 
ɜ ɲɥɚɤɚɯ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɫɨɞɟɪɠɢɬɫɹ 
ɩɨɜɵɲɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ SiO2, 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɢɯ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɨɫɧɨɜɧɵɦɢ ɲɥɚɤɚɦɢ (ɧɚɩɪɢɦɟɪ, ɫ 
ɞɨɦɟɧɧɵɦɢ ɤɨɦɛɢɧɚɬɚ ɢɦ. ɉɟɬɪɨɜɫɤɨɝɨ) 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɲɥɚɤɢ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɦɨɝɭɬ ɜɫɩɭɱɢɜɚɬɶɫɹ 
[9]. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 
ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɲɥɚɤɨɜ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɯ 
ɡɟɪɧɨɜɨɣ ɫɨɫɬɚɜ. Ɉɧ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɤɚɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɜ ɫɥɭɱɚɟ 
ɩɪɢɦɟɧɟɧɢɹ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɲɥɚɤɨɜ ɜ 
ɤɚɱɟɫɬɜɟ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɟɬɨɧɨɜ ɢ ɩɪɢ ɨɬɫɵɩɤɟ 
ɬɟɪɪɢɬɨɪɢɣ. 

Ƚɪɚɧɭɥɢɪɨɜɚɧɧɵɟ ɲɥɚɤɢ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɫɨɞɟɪɠɚɬ ɧɟ ɬɨɥɶɤɨ 
ɩɟɫɱɚɧɵɟ (< 5 ɦɦ) ɱɚɫɬɢɰɵ, ɧɨ ɢ ɡɟɪɧɚ 
ɤɪɭɩɧɨɫɬɶɸ 5–10; 10–20; 20–40; ɞɚɠɟ  
40–70 ɦɦ. ɋɨɞɟɪɠɚɧɢɟ ɡɟɪɟɧ ɤɪɭɩɧɨɫɬɶɸ 
ɛɨɥɟɟ 5 ɦɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 15 %, ɚ 
ɩɵɥɟɜɢɞɧɵɯ ɱɚɫɬɢɰ ɧɟ ɛɨɥɟɟ 7 %.  

ɂɡɭɱɟɧɢɟ ɤɨɥɟɛɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ ɲɥɚɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ 
ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜɵɩɥɚɜɤɢ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ 
ɫɨɞɟɪɠɚɧɢɹ ɜ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɚɯ Al2O3 

ɩɪɢɜɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɫɨɞɟɪɠɚɧɢɹ ɝɥɢɧɨɡɟɦɚ ɜ ɲɥɚɤɟ, ɧɨ ɢ ɤ 
ɨɛɳɟɦɭ ɨɛɴɟɦɭ ɜɵɯɨɞɚ ɲɥɚɤɚ. Ɉɤɫɢɞ 
ɤɚɥɶɰɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɯɨɞɢɬ 
ɢɡ ɲɢɯɬɵ ɜ ɲɥɚɤɨɜɭɸ ɮɚɡɭ, ɚ ɩɨɜɵɲɟɧɢɟ 
ɨɬɧɨɲɟɧɢɹ MgO/Al2O3 ɫɧɢɠɚɟɬ ɜɵɯɨɞ 
ɲɥɚɤɚ. ɂɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɚ 
ɤɨɥɟɛɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɲɥɚɤɚ, 
ɨɫɨɛɟɧɧɨ ɫɨɞɟɪɠɚɧɢɹ MnO, ɜ ɧɚɢɛɨɥɶɲɟɣ 
ɦɟɪɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɯɚɪɚɤɬɟɪ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɨɟɜ ɩɟɪɜɢɱɧɨɝɨ ɲɥɚɤɚ, 
ɤɨɤɫɨɜɨɝɨ ɫɥɨɹ, ɤɨɧɟɱɧɨɝɨ ɲɥɚɤɚ ɢ ɦɟɬɚɥɥɚ, 
ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ ɩɨ 
ɪɭɞɨɬɟɪɦɢɱɟɫɤɨɣ ɩɟɱɢ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
ɜɵɯɨɞɚ ɲɥɚɤɚ, ɞɢɚɦɟɬɪɚ ɥɟɬɤɢ ɩɟɱɢ Д5; 6Ж. 
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ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ, ɲɥɚɤɚ ɛɵɥɢ ɫɨɡɞɚɧɵ 
ɭɫɬɚɧɨɜɤɚ ɢ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɧɰɢɩɟ ɧɚɪɭɲɟɧɢɹ 
ɪɟɡɨɧɚɧɫɚ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɢ ɬɪɟɧɢɢ 
ɫɥɨɟɜ ɪɚɫɩɥɚɜɚ ɢ ɩɨɝɪɭɠɚɟɦɨɝɨ ɜ ɧɟɝɨ 
ɲɩɢɧɞɟɥɹ. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɲɥɚɤɚ 
Si-Mn ɨɬ ɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɩɨɞɱɢɧɹɟɬɫɹ ɨɛɳɢɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ: 
ɭɜɟɥɢɱɟɧɢɟ Al2O3 ɜ ɫɨɫɬɚɜɟ ɲɥɚɤɚ ɩɨɜɵɲɚɟɬ 
ɟɝɨ ɜɹɡɤɨɫɬɶ, ɚ ɳɟɥɨɱɧɵɯ ɨɤɫɢɞɨɜ ɢ ɡɚɤɢɫɢ 
ɦɚɪɝɚɧɰɚ — ɟɟ ɫɧɢɠɚɸɬ; ɢɡɦɟɧɟɧɢɟ 
ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨɱɟɣ ɨɬ 5,7 ɞɨ 
4,4 ɦɚɫɫ.% ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ 
ɋɚɈ ɨɬ 12,8 ɞɨ 15,8 ɦɚɫɫ.%  ɢ Al2O3 ɨɬ 8,1 ɞɨ 
10,4 ɦɚɫɫ.%  ɩɪɢ ɩɨɱɬɢ ɨɞɢɧɚɤɨɜɨɦ 
ɫɨɞɟɪɠɚɧɢɢ SiO2, MgO ɢ MnO ɫɧɢɠɚɥɨ 
ɜɹɡɤɨɫɬɶ ɲɥɚɤɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1 450 °ɋ ɫ 
0,81 ɞɨ 0,61 ɉɚ·ɫ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɲɥɚɤɚ ɫɜɢɞɟ-

ɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɪɚɫɩɥɚɜ ɲɥɚɤɚ Si-Mn  

ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɤɨɪɨɬɤɢɦ, ɱɟɦ 
ɩɪɨɦɵɲɥɟɧɧɵɣ ɲɥɚɤɨɫɢɬɚɥɥ ɢ ɤɚɦɟɧɧɨɟ 
ɥɢɬɶɟ, ɚ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɲɥɚɤɨɜ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɜɵɲɟ, ɱɟɦ ɭ ɤɚɦɟɧɧɨɝɨ 
ɥɢɬɶɹ Д7; 8Ж. 

ɇɢɡɤɚɹ ɜɹɡɤɨɫɬɶ ɢ ɜɵɫɨɤɚɹ 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɪɚɫɩɥɚɜɚ ɲɥɚɤɚ ɜ ɢɧɬɟɪɜɚɥɟ 
1500-1380 °ɋ ɢ ɪɟɡɤɨɟ ɧɚɪɚɫɬɚɧɢɟ ɜɹɡɤɨɫɬɢ ɜ 
ɢɧɬɟɪɜɚɥɟ 1380-1320 °ɋ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɪɚɫɩɥɚɜɚ, 
ɩɨɡɜɨɥɢɥɨ ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɬɶ ɦɟɬɨɞ 
ɮɨɪɦɨɜɚɧɢɹ ɢɡɞɟɥɢɣ ɢɡ ɨɝɧɟɧɧɨɠɢɞɤɢɯ 
ɲɥɚɤɨɜ — ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɥɢɬɶɟ Д2; 4; 
15]. 

ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɢ ɩɥɨɬɧɨɫɬɶ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɩɥɚɜɚ ɲɥɚɤɚ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɬɛɨɪɚ ɢ ɡɚɤɚɥɤɢ ɨɝɧɟɧɧɨɠɢɞɤɨɝɨ ɲɥɚɤɚ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ 1500 ɞɨ 1200°C ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɨɬ 455 ɞɨ 479 ɤȾɠ/ɦ2

 ɢ ɨɬ 2820 ɞɨ 2980 ɤɝ/ɦ3
 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ⱦɥɹ ɢɡɭɱɟɧɢɹ cɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɵɯ 

ɩɪɟɜɪɚɳɟɧɢɣ ɲɥɚɤɨɜ ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɭɪɧɨ-ɜɪɟɦɟɧɧɵɯ ɢ 
ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɬɟɪɦɢɱɟɫɤɨɝɨ, ɪɟɧɬɝɟɧɨ-

ɮɚɡɨɜɨɝɨ, ɥɨɤɚɥɶɧɨɝɨ ɪɟɧɬɝɟɧɨ-ɫɩɟɤɬɪɚɥɶɧɨɝɨ 

ɚɧɚɥɢɡɨɜ, ɦɚɫɫɨɜɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɗɉɊ, ɚ 
ɬɚɤɠɟ ɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɩɟɬɪɨɝɪɚɮɢɹ, 

ɷɥɟɤɬɪɨɧɧɚɹ ɢ ɫɜɟɬɨɜɚɹ, ɜ ɩɪɨɯɨɞɹɳɟɦ ɢ 
ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ, ɦɢɤɪɨɫɤɨɩɢɹ. 

Ɉɬɛɨɪ ɩɪɨɛ ɲɥɚɤɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ (1480, 1420, 1350 ɢ ɝɪɚɧɭ-

ɥɢɪɨɜɚɧɧɨɝɨ), ɢɡɭɱɟɧɢɟ ɢɯ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɲɥɚɤ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, 
ɡɚɜɢɫɹɳɟɣ ɨɬ ɬɟɩɥɨɜɨɝɨ ɩɪɨɲɥɨɝɨ. ɉɟɪɜɨɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɨɤɨɥɨ 1500 °ɋ ɮɨɪɦɢɪɭɟɬɫɹ ɆnɈ, ɤɨɬɨɪɵɣ 
ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɢɪɨɤɫɟɧɨɨɛɪɚɡɨɜɚɧɢɢ 
ɢɝɪɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɪɨɥɶ. 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɛɵɥɚ ɢɡɭɱɟɧɚ ɜ 
ɢɧɬɟɪɜɚɥɟ 1200-500°ɋ ɞɥɹ ɲɥɚɤɚ ɫ 
ɪɚɡɥɢɱɧɵɦ ɬɟɩɥɨɜɵɦ ɩɪɨɲɥɵɦ. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɟ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɧɬɟɪɜɚɥɵ ɮɚɡɨɜɵɯ 
ɩɪɟɜɪɚɳɟɧɢɣ ɲɥɚɤɨɜ, ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɢ 
ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ, ɛɥɢɡɤɢ, ɧɨ ɡɚɜɢɫɹɬ ɨɬ 
ɬɟɩɥɨɜɨɝɨ ɩɪɨɲɥɨɝɨ ɲɥɚɤɚ ɢ ɫɦɟɳɚɸɬɫɹ ɜ 
ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɲɥɚɤɚ, 
ɱɚɫɬɢɱɧɨ ɨɯɥɚɠɞɟɧɧɨɝɨ ɭɠɟ ɜ 
ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɨɷɬɨɦɭ 
ɞɚɥɶɧɟɣɲɢɣ ɪɟɠɢɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɨɠɟɬ 
ɛɵɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɛɨɪɚ ɪɚɫɩɥɚɜɚ ɲɥɚɤɚ. 
Ɉɫɧɨɜɧɵɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ ɮɚɡɚɦɢ 
ɹɜɥɹɸɬɫɹ ɦɢɧɟɪɚɥɵ ɝɪɭɩɩɵ ɦɨɧɨɤɥɢɧɧɵɯ 
ɢɥɢ ɬɪɢɤɥɢɧɧɵɯ ɩɢɪɨɤɫɟɧɨɜ ɢ ɝɪɭɩɩɵ 
ɩɥɚɝɢɨɤɥɚɡɚ. 

Ɇɟɬɨɞɨɦ ɗɉɊ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɪɝɚɧɟɰ 
ɤɚɤ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɪɚɫɩɥɚɜɚ, ɬɚɤ 
ɢ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɨɯɪɚɧɹɟɬɫɹ ɜ 
ɧɢɡɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ Ɇn(II). Ʉɪɨɦɟ 
ɬɨɝɨ, ɦɟɬɨɞɨɦ ɥɨɤɚɥɶɧɨɝɨ ɪɟɧɬɝɟɧɨ-

ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɦɚɪɝɚɧɟɰ ɦɚɤɫɢɦɚɥɶɧɨ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧ ɜ 
ɤɪɢɫɬɚɥɥɚɯ ɨɫɧɨɜɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. 
ɇɚ ɦɨɞɟɥɶɧɵɯ ɫɨɫɬɚɜɚɯ Mg-Ca — 

ɦɨɧɨɤɥɢɧɧɨɝɨ ɩɢɪɨɤɫɟɧɚ (ɞɢɨɩɫɢɞɚ) 
ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɱɚɫɬɢɱɧɨɝɨ ɢ ɩɨɥɧɨɝɨ 
Ca - Ɇn(II) ɢ Mg - Ɇn(II) ɡɚɦɟɳɟɧɢɹ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɧɟɞɪɟɧɢɹ Ɇn(II) ɜ 
ɪɟɲɟɬɤɭ ɞɢɨɩɫɢɞɚ oɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɚɹ 
ɫɬɟɩɟɧɶ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɫɬɢ ɲɥɚɤɨɜ (ɞɨ 
96 ɦɚɫɫ.%). ɉɨɫɥɟ ɜɵɞɟɥɟɧɢɹ Ɇn-

ɫɨɞɟɪɠɚɳɟɝɨ ɩɢɪɨɤɫɟɧɚ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 
70 ɦɚɫɫ.% ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ, 
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ɨɫɬɚɬɨɱɧɚɹ ɫɬɟɤɥɨɜɢɞɧɚɹ ɮɚɡɚ ɩɨɱɬɢ 

ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦɭ 
ɫɨɫɬɚɜɭ (Na, Ʉ) — ɩɥɚɝɢɨɤɥɚɡɭ. 

ɉɨ ɦɟɪɟ ɡɚɦɟɧɵ ɋɚɈ ɧɚ ɆnɈ ɜ ɞɢɨɩɫɢɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɵɣ ɩɟɪɟɯɨɞ ɨɬ 
ɤɚɥɶɰɢɟɜɵɯ ɤ ɦɚɝɧɟɡɢɚɥɶɧɵɦ Ɇn-

ɫɨɞɟɪɠɚɳɢɦ ɦɨɧɨɤɥɢɧɧɵɦ ɩɢɪɨɤɫɟɧɚɦ, ɚ 
ɩɨ ɦɟɪɟ ɡɚɦɟɧɵ MgɈ ɧɚ ɆnɈ ɨɬ 
ɦɨɧɨɤɥɢɧɧɵɯ ɬɢɩɚ ɣɨɝɚɧɫɟɧɢɬɚ Ca(Mg, 

Ɇn)[Si2O6] ɤ ɬɪɢɤɥɢɧɧɵɦ ɬɢɩɚ ɛɭɫɬɚɦɢɬɚ 
Ca3 Ɇn3[Si2O9]. ɑɚɫɬɢɱɧɚɹ (50 ɦɚɫɫ.%) 
ɡɚɦɟɧɚ CaO ɧɚ ɆnɈ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɧɢɸ, ɚ ɩɨɥɧɚɹ ɡɚɦɟɧɚ ɋaO ɧɚ 
ɆnɈ ɜɵɡɵɜɚɟɬ ɨɛɴɟɦɧɭɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɪɚɫɩɥɚɜɚ. ɆnɈ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɧɢɸ 
ɛɟɫɳɟɥɨɱɧɵɯ ɫɬɟɤɨɥ ɩɪɢ ɡɚɦɟɧɟ ɢɦ MgɈ, 
ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɦɨɞɢɮɢɰɢɪɭɸɳɭɸ ɪɨɥɶ 
ɨɤɫɢɞɚ ɦɚɪɝɚɧɰɚ ɤɚɤ ɩɥɚɜɧɹ. 
Ʉɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɛɟɫɳɟɥɨɱɧɵɯ ɫɬɟɤɨɥ ɫɨɫɬɚɜɚ ɞɢɨɩɫɢɞɚ 
ɫɧɢɠɚɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɨ ɩɪɢɦɟɪɧɨ  
50 ɦɚɫɫ.% ɆnɈ ɜɡɚɦɟɧ ɋɚɈ, ɚ ɩɪɢ 
ɜɜɟɞɟɧɢɢ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɆnɈ ɢ ɜɨ 
ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɡɚɦɟɧɵ MgɈ ɧɚ ɆnɈ — 

ɩɨɜɵɲɚɟɬɫɹ. 
ɋɨɛɥɸɞɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ 

ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɲɥɚɤɨɥɢɬɵɯ ɢɡɞɟɥɢɣ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɥɚɝɨɩɪɢɹɬɧɨɟ ɞɥɹ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɚ ɫɨɱɟɬɚɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ 
ɦɨɦɟɧɬɚɦɢ ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɧɢɹ. ɉɨɥɧɨɟ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɜɵɫɨɤɢɟ, ɚ ɜ 
ɤɨɦɛɢɧɚɰɢɢ — ɜɨ ɦɧɨɝɨɦ ɭɧɢɤɚɥɶɧɵɟ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ — ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ (ɩɥɨɬɧɨɫɬɶ, ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ, 
ɤɢɫɥɨɬɨɫɬɨɣɤɨɫɬɶ, ɳɟɥɨɱɟɫɬɨɣɤɨɫɬɶ ɢ ɞɪ.) 
[1; 9]. 

ȼɵɜɨɞɵ. ɒɥɚɤɢ ɨɬ ɜɵɩɥɚɜɤɢ 
ɫɢɥɢɤɨɦɚɪɝɚɧɰɚ ɨɬɧɨɫɹɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ 
ɤɢɫɥɵɯ. Ɇɨɞɭɥɶ ɢɯ ɨɫɧɨɜɧɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 0,47–0,52. ɋɨɫɬɚɜ ɲɥɚɤɚ 
ɪɚɫɩɨɥɨɠɟɧ ɜ ɥɢɤɜɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ SiO2 

ɜɛɥɢɡɢ ɥɢɧɢɢ ɜɵɞɟɥɟɧɢɹ ɤɪɢɫɬɨɛɚɥɢɬɚ ɫ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɜ ɨɛɥɚɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɜɨɥɥɚɫɬɨɧɢɬɚ, ɫɨɝɥɚɫɧɨ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ 
ɆnɈ-ɋɚɈ-SiO2, ɱɬɨ, ɭɱɢɬɵɜɚɹ ɢɯ 
ɫɬɚɛɢɥɶɧɨɫɬɶ, ɩɨɡɜɨɥɹɟɬ ɪɚɡɪɚɛɨɬɚɬɶ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ (ɳɟɛɧɹ, ɩɟɫɤɚ, ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ 
ɲɥɚɤɨɜ ɢ ɞɪ.) ɢ ɢɡɞɟɥɢɣ (ɮɭɧɞɚɦɟɧɬɧɵɯ 
ɛɥɨɤɨɜ, ɞɨɪɨɠɧɵɯ ɩɥɢɬ, ɤɨɧɬɟɣɧɟɪɨɜ ɞɥɹ 
ɩɟɪɟɜɨɡɤɢ ɢ ɯɪɚɧɟɧɢɹ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɢ 
ɞɪ.). 
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2* Ʉɚɮɟɞɪɚ ɩɥɚɧɭɜɚɧɧɹ ɿ ɨɪɝɚɧɿɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ 
ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ, ɬɟɥ. +38 (0562) 46-93-92,  

e-mail: kts789@yandex.ua, ORCID ID: 0000-0002-0986-8995 
3 Ʉɨɦɭɧɚɥɶɧɚ ɨɪɝɚɧɿɡɚɰɿɹ «Іɧɫɬɢɬɭɬ Ƚɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɭ ɦ. Ʉɢєɜɚ», ɜɭɥ. ɏɪɟɳɚɬɢɤ, 32, Ʉɢʀɜ, 01001, ɍɤɪɚʀɧɚ, ɬɟɥ. +38 (044) 234-85-89, 

e-mail: bsp@grad.gov.ua, ORCID ID: 0000-0002-7585-0638 

Ⱥɧɨɬɚɰіɹ. Ɇɟɬɚ. ɋɢɫɬɟɦɚɬɢɡɚɰɿɹ ɿ ɮɨɪɦɚɥɿɡɚɰɿɹ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɬɚ ɟɤɨɧɨɦɿɱɧɢɯ ɮɚɤɬɨɪɿɜ, 
ɳɨ ɜɿɞɨɛɪɚɠɚɸɬɶ ɫɩɟɰɢɮɿɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ ɿ ɡɞɿɣɫɧɸɸɬɶ ɫɭɬɬєɜɢɣ ɜɩɥɢɜ ɧɚ 
ɜɚɪɬɿɫɬɶ ɛɭɞɿɜɟɥɶɧɨʀ ɩɪɨɞɭɤɰɿʀ ɬɚ ɬɪɢɜɚɥɿɫɬɶ ɜɢɤɨɧɚɧɧɹ  ɪɨɛɿɬ. Ɇɟɬɨɞɢɤɚ. Ɉɛґɪɭɧɬɭɜɚɧɧɹ ɩɟɪɟɥɿɤɭ ɮɚɤɬɨɪɿɜ, 
ɳɨ ɡɞɿɣɫɧɸɸɬɶ ɜɢɡɧɚɱɚɥɶɧɢɣ ɜɩɥɢɜ ɧɚ ɜɚɪɬɿɫɬɶ ɿ ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ, ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɦɟɬɨɞɿɜ ɟɤɫɩɟɪɬɧɢɯ ɨɰɿɧɨɤ. Ɋɟɡɭɥɶɬɚɬɢ. ɋɮɨɪɦɨɜɚɧɨ ɫɢɫɬɟɦɭ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɿ ɟɤɨɧɨɦɿɱɧɢɯ 
ɮɚɤɬɨɪɿɜ, ɹɤɿ ɜɿɞɨɛɪɚɠɚɸɬɶ ɫɩɟɰɢɮɿɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ ɬɚ ɫɭɬɬєɜɨ ɜɩɥɢɜɚɸɬɶ  ɧɚ 
ɜɚɪɬɿɫɬɶ ɬɚɤɨʀ ɛɭɞɿɜɟɥɶɧɨʀ ɩɪɨɞɭɤɰɿʀ ɬɚ ɬɪɢɜɚɥɿɫɬɶ ɪɨɛɿɬ. ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ. Ⱦɿɫɬɚɥɚ ɩɨ-ɞɚɥɶɲɢɣ ɪɨɡɜɢɬɨɤ 
ɫɢɫɬɟɦɚ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɿ ɟɤɨɧɨɦɿɱɧɢɯ ɮɚɤɬɨɪɿɜ, ɹɤɿ ɜɩɥɢɜɚɸɬɶ ɧɚ ɩɨɤɚɡɧɢɤɢ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ. ɉɪɚɤɬɢɱɧɚ ɡɧɚɱɢɦɿɫɬɶ. ɍɩɪɨɜɚɞɠɟɧɧɹ 
ɧɚɭɤɨɜɢɯ ɬɚ ɩɪɚɤɬɢɱɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨɫɥɿɞɠɟɧɧɹ ɜ ɞɿɹɥɶɧɿɫɬɶ ɩɪɨɟɤɬɧɨ-ɛɭɞɿɜɟɥɶɧɢɯ ɨɪɝɚɧɿɡɚɰɿɣ ɭ ɩɪɨɰɟɫɿ 
ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ ɞɨɡɜɨɥɢɬɶ ɩɿɞɜɢɳɢɬɢ ɪɿɜɟɧɶ 
ɨɛґɪɭɧɬɨɜɚɧɨɫɬɿ ɩɪɢɣɧɹɬɢɯ ɪɿɲɟɧɶ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɠɢɬɥɨɜɟ ɛɭɞɿɜɧɢɰɬɜɨ, ɞɨɫɬɭɩɧɟ ɠɢɬɥɨ, ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ, ɜɚɪɬɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ, 

ɦɿɫɬɨɮɨɪɦɿɜɧɿ  ɮɚɤɬɨɪɢ 

ɎȺɄɌɈɊɕ, ɈɄȺɁɕȼȺɘɓɂȿ ɈɉɊȿȾȿɅəɘɓȿȿ ȼɅɂəɇɂȿ  

ɇȺ ɉɈɄȺɁȺɌȿɅɂ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɈɊȽȺɇɂɁȺɐɂɈɇɇɈ-

ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ ɊȿɒȿɇɂɃ ɋɌɊɈɂɌȿɅɖɋɌȼȺ  
ȾɈɋɌɍɉɇɈȽɈ ɀɂɅɖə 

ȻɈɅɖɒȺɄɈȼ ȼ. ɂ.1, ɞ. ɬ. ɧ., ɩɪɨɮ., 
ɄɊȺȼɑɍɇɈȼɋɄȺə Ɍ. ɋ.

2*
, ɞ. ɬ. ɧ., ɩɪɨɮ., 

ȻɊɈɇȿȼɂɐɄɂɃ ɋ. ɉ.3, ɤ. ɬ. ɧ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ 
ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ, ɬɟɥ. +38 (0562) 745-23-72,  

e-mail: press.pgasa@gmail.com, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (0562) 46-93-92, e-mail: kts789@yandex.ua, ORCID ID: 0000-0002-0986-8995 
3 Ʉɨɦɦɭɧɚɥɶɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ «ɂɧɫɬɢɬɭɬ Ƚɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɝ. Ʉɢɟɜɚ», ɭɥ. Ʉɪɟɳɚɬɢɤ, 32, Ʉɢɟɜ, 01001, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (044) 234-85-89, e-mail: bsp@grad.gov.ua, ORCID ID: 0000-0002-7585-0638 

Ⱥɧɧɨɬɚɰɢɹ. Цɟɥɶ. ɋɢɫɬɟɦɚɬɢɡɚɰɢɹ ɢ ɮɨɪɦɚɥɢɡɚɰɢɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ, ɨɬɪɚɠɚɸɳɢɯ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɥɶɹ ɢ  ɫɭɳɟɫɬɜɟɧɧɨ 
ɜɥɢɹɸɳɢɯ  ɧɚ ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢ-ɬɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. Ɇɟɬɨɞɢɤɚ. 
Ɉɛɨɫɧɨɜɚɧɢɟ ɩɟɪɟɱɧɹ ɮɚɤɬɨɪɨɜ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɨɢɦɨɫɬɶ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɥɶɹ, ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɷɤɫɩɟɪɬɧɵɯ ɨɰɟɧɨɤ. Ɋɟɡɭɥɶɬɚɬɵ. ɋɮɨɪɦɢɪɨɜɚɧɚ 
ɫɢɫɬɟɦɚ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɨɬɪɚɠɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɥɶɹ ɢ  ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ  ɧɚ ɫɬɨɢɦɨɫɬɶ ɬɚɤɨɣ ɫɬɪɨɢɬɟɥɶɧɨɣ 
ɩɪɨɞɭɤɰɢɢ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. ɉɨɥɭɱɢɥɚ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ 
ɫɢɫɬɟɦɚ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɩɨɤɚɡɚɬɟɥɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɥɶɹ. ɉɪɚɤɬɢɱɟɫɤɚɹ 
ɡɧɚɱɢɦɨɫɬɶ. ȼɧɟɞɪɟɧɢɟ ɧɚɭɱɧɵɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɧɨ-
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ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɜ ɩɪɨɰɟɫɫɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɞɨɫɬɭɩɧɨɝɨ ɠɢɥɶɹ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɭɪɨɜɟɧɶ ɨɛɨɫɧɨɜɚɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦɵɯ ɪɟɲɟɧɢɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɠɢɥɢɳɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɞɨɫɬɭɩɧɨɟ ɠɢɥɶɟ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 

ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɝɪɚɞɨɮɨɪɦɢɪɭɸɳɢɟ ɮɚɤɬɨɪɵ 
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Abstract. Purpose. Systematization and formalization of organizational, technological and economic factors 

reflecting the specific features of the construction of affordable housing and performing substantial impact on the cost 

of building production and the duration of works. Methodology. Substantiation of the list of factors exercising a 

decisive influence on the cost and duration of construction of affordable housing, using the methods of expert 

estimations. Findings. It was formed the system of organizational and technological and economic factors that reflect 

specific features of construction of affordable housing and carry out a significant impact on the cost of such 

construction products and the duration of works. Originality. Further development of the system of organizational-

technological and economic factors that affect the performance indicators organizational and technological decisions of 

the construction of affordable housing. Practical value. Implementation of scientific and practical research results in the 

activities of design and construction organizations in the process of organizational and technological design of 

affordable housing will improve the validity of decisions. 

Keywords: residential construction, affordable housing, duration of construction, cost of construction, town-

planning design characteristic 

 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɉɪɨɬɹɝɨɦ 
ɞɪɭɝɨʀ ɩɨɥɨɜɢɧɢ ɏɏ ɫɬɨɪɿɱɱɹ ɜɿɞɛɭɜɚɥɨɫɶ 
ɚɤɬɢɜɧɟ ɪɨɡɲɢɪɟɧɧɹ ɬɟɪɢɬɨɪɿɣ ɦɿɫɬ, 
ɡɭɦɨɜɥɟɧɟ ɪɨɫɬɨɦ ɜɢɪɨɛɧɢɱɨʀ ɛɚɡɢ ɿ 
ɱɢɫɟɥɶɧɨɫɬɿ ɦɿɫɶɤɨɝɨ ɧɚɫɟɥɟɧɧɹ. 

Ɉɰɿɧɤɚ ɫɭɱɚɫɧɢɯ ɬɟɧɞɟɧɰɿɣ ɫɜɿɞɱɢɬɶ ɩɪɨ 
ɩɪɿɨɪɢɬɟɬɧɿɫɬɶ ɤɨɦɩɚɤɬɧɨɝɨ ɪɨɡɜɢɬɤɭ 
ɜɟɥɢɤɢɯ ɦɿɫɬ ɭ ɏɏІ ɫɬɨɥɿɬɬɿ, ɳɨ ɨɛɭɦɨɜɥɟɧɨ 
ɨɛ’єɤɬɢɜɧɢɦɢ ɮɚɤɬɨɪɚɦɢ. Ⱦɨ ɧɚɣɛɿɥɶɲ 
ɜɚɝɨɦɢɯ ɧɚɥɟɠɚɬɶ: ɜɢɫɨɤɚ ɜɚɪɬɿɫɬɶ 
ɡɟɦɟɥɶɧɢɯ ɞɿɥɹɧɨɤ; ɧɟɨɛɯɿɞɧɿɫɬɶ ɟɤɨɧɨɦɿʀ 
ɟɧɟɪɝɨɪɟɫɭɪɫɿɜ ɬɚ ɡɭɦɨɜɥɟɧɿ ɰɢɦ ɬɟɧɞɟɧɰɿʀ 
ɞɨ ɡɦɟɧɲɟɧɧɹ ɩɪɨɬɹɠɧɨɫɬɿ ɿɧɠɟɧɟɪɧɢɯ 
ɦɟɪɟɠ, ɞɨɪɨɠɧɶɨ-ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɟɪɟɠɿ; 
ɧɚɹɜɧɿɫɬɶ ɡɧɚɱɧɢɯ ɬɟɪɢɬɨɪɿɣ ɜ ɦɟɠɚɯ ɦɿɫɬ, 
ɡɚɣɧɹɬɢɯ ɡɚɫɬɚɪɿɥɨɸ ɚɦɨɪɬɢɡɨɜɚɧɨɸ 
ɡɚɛɭɞɨɜɨɸ. 

Ⱦɨ ɱɢɫɥɚ ɫɩɿɥɶɧɢɯ ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɜɟɥɢɤɢɯ 
ɦɿɫɬ ɍɤɪɚʀɧɢ, ɬɚɤɢɯ ɹɤ Ʉɢʀɜ, ɏɚɪɤɿɜ, Ɉɞɟɫɚ, 
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, Ɂɚɩɨɪɿɠɠɹ, Ʌɶɜɿɜ, 
ɩɪɨɛɥɟɦ ʀɯ ɪɨɡɜɢɬɤɭ ɧɚɥɟɠɚɬɶ: 

 ɠɢɬɥɨɜɚ ɩɪɨɛɥɟɦɚ, ɡɭɦɨɜɥɟɧɚ 
ɡɪɨɫɬɚɧɧɹɦ ɩɨɫɬɿɣɧɨɝɨ ɧɚɫɟɥɟɧɧɹ ɿ 
ɧɟɨɛɯɿɞɧɿɫɬɸ ɪɨɡɦɿɳɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ 
ɨɛɫɹɝɿɜ ɠɢɬɥɨɜɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɜ ɿɫɧɭɸɱɢɯ 
ɦɟɠɚɯ ɦɿɫɬ; 

 ɡɚɛɟɡɩɟɱɟɧɿɫɬɶ ɨɛ’єɤɬɚɦɢ ɫɨɰɿɚɥɶɧɨʀ 
ɿɧɮɪɚɫɬɪɭɤɬɭɪɢ ɜɿɞɫɬɚє ɜɿɞ ɧɨɪɦɚɬɢɜɧɢɯ 
ɜɢɦɨɝ, ɨɫɨɛɥɢɜɨ ɜ ɪɚɣɨɧɚɯ, ɜɿɞɞɚɥɟɧɢɯ ɜɿɞ 
ɰɟɧɬɪɭ ɦɿɫɬɚ; 

 ɿɧɬɟɧɫɢɜɧɟ ɡɪɨɫɬɚɧɧɹ ɚɜɬɨɦɨɛɿɥɿɡɚɰɿʀ; 
 ɡɪɨɫɬɚɧɧɹ ɞɢɫɩɪɨɩɨɪɰɿɣ ɦɿɠ 

ɪɨɡɫɟɥɟɧɧɹɦ ɬɚ ɦɿɫɰɹɦɢ ɞɨɤɥɚɞɚɧɧɹ ɩɪɚɰɿ, 
ɳɨ ɡɚɝɨɫɬɪɸє ɬɪɚɧɫɩɨɪɬɧɿ ɩɪɨɛɥɟɦɢ; 

 ɡɧɚɱɧɟ ɡɛɿɥɶɲɟɧɧɹ ɩɨɬɪɟɛ 
ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɬɚ ɬɟɩɥɨɩɨɫɬɚɱɚɧɧɹ ɞɥɹ 
ɿɫɧɭɸɱɨʀ ɬɚ ɩɟɪɫɩɟɤɬɢɜɧɨʀ ɡɚɛɭɞɨɜɢ; 

 ɧɚɞɦɿɪɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɮɿɫɧɢɯ 
ɩɪɢɦɿɳɟɧɶ ɭ ɰɟɧɬɪɚɥɶɧɿɣ ɱɚɫɬɢɧɿ ɦɿɫɬ, 
ɫɩɨɬɜɨɪɟɧɧɹ ɬɪɚɞɢɰɿɣɧɨɝɨ ɯɚɪɚɤɬɟɪɭ 
ɿɫɬɨɪɢɱɧɨʀ ɡɚɛɭɞɨɜɢ ɬɚ ɡɧɟɰɿɧɟɧɧɹ ɩɚɦ’ɹɬɨɤ 
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ɤɭɥɶɬɭɪɧɨʀ ɫɩɚɞɳɢɧɢ ɭ ɰɟɧɬɪɚɥɶɧɿɣ ɱɚɫɬɢɧɿ 
ɦɿɫɬ; 

 ɜɿɞɫɬɚɜɚɧɧɹ ɞɨɪɨɠɧɶɨ-ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɿɧɠɟɧɟɪɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɜɿɞ ɿɫɧɭɸɱɢɯ ɩɨɬɪɟɛ. 

ɇɚ ɫɶɨɝɨɞɧɿ ɜɟɥɢɤɿ ɦɿɫɬɚ ɍɤɪɚʀɧɢ ɡɧɚɱɧɨ 
ɜɿɞɫɬɚɸɬɶ ɜɿɞ єɜɪɨɩɟɣɫɶɤɢɯ ɦɿɫɬ ɡɚ 
ɠɢɬɥɨɜɨɸ ɡɚɛɟɡɩɟɱɟɧɿɫɬɸ ɬɚ ɿɧɲɢɦɢ 
ɩɨɤɚɡɧɢɤɚɦɢ ɤɨɦɮɨɪɬɧɨɫɬɿ ɠɢɬɬɹ 
ɧɚɫɟɥɟɧɧɹ. 

Ɂɜɚɠɚɸɱɢ ɧɚ ɬɟɧɞɟɧɰɿɸ ɡɪɨɫɬɚɧɧɹ ɱɢ-

ɫɟɥɶɧɨɫɬɿ ɦɿɫɶɤɨɝɨ ɧɚɫɟɥɟɧɧɹ ɜɿɞɧɨɫɧɨ 
ɫɿɥɶɫɶɤɨɝɨ, ɧɟɨɛɯɿɞɧɿɫɬɶ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɫɬɿɣɤɨɝɨ ɪɨɡɜɢɬɤɭ ɜɟɥɢɤɢɯ ɦɿɫɬ ɜ ɿɫɧɭɸɱɢɯ 
ɦɟɠɚɯ, ɫɬɪɭɤɬɭɪɭ ɿ ɨɛɫɹɝɢ ɿɫɧɭɸɱɨɝɨ 
ɠɢɬɥɨɜɨɝɨ ɮɨɧɞɭ, ɞɨɫɢɬɶ ɜɢɫɨɤɢɣ ɪɿɜɟɧɶ 
ɣɨɝɨ ɮɿɡɢɱɧɨɝɨ ɡɧɨɫɭ, ɩɨɩɢɬ ɧɚ ɧɨɜɟ ɠɢɬɥɨ, 
ɰɿɧɢ ɧɚ ɠɢɬɥɨɜɭ ɧɟɪɭɯɨɦɿɫɬɶ, ɨɛɦɟɠɟɧɿ 
ɦɨɠɥɢɜɨɫɬɿ ɞɟɪɠɚɜɧɨɝɨ ɛɸɞɠɟɬɭ, ɫɨɰɿɚɥɶɧɭ 
ɞɢɮɟɪɟɧɰɿɚɰɿɸ ɧɚɫɟɥɟɧɧɹ ɬɚ ɿɧɜɟɫɬɢɰɿɣɧɿ 
ɦɨɠɥɢɜɨɫɬɿ ɩɪɢɞɛɚɧɧɹ ɠɢɬɥɚ ɧɚɫɟɥɟɧɧɹɦ, 
ɛɚɱɢɬɶɫɹ ɚɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɚ ɛɭɞɿɜɧɢɰɬɜɚ 
ɞɨɫɬɭɩɧɨɝɨ ɿ ɫɨɰɿɚɥɶɧɨɝɨ ɠɢɬɥɚ. ɉɪɢ ɰɶɨɦɭ 
ɜɿɞɫɭɬɧє ɜɢɱɟɪɩɧɟ ɧɚɭɤɨɜɟ ɨɛґɪɭɧɬɭɜɚɧɧɹ 
ɩɪɨɝɧɨɡɨɜɚɧɢɯ ɜɚɪɬɨɫɬɿ ɿ ɬɪɢɜɚɥɨɫɬɿ 
ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ, ɹɤɟ ɛ 
ɭɪɚɯɨɜɭɜɚɥɨ ɦɿɫɬɨɮɨɪɦɿɜɧɿ ɨɫɨɛɥɢɜɨɫɬɿ 
ɬɟɪɢɬɨɪɿɣ ɜɟɥɢɤɢɯ ɦɿɫɬ ɬɚ ɤɨɦɩɥɟɤɫɧɢɣ 
ɜɩɥɢɜ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɿ 
ɟɤɨɧɨɦɿɱɧɢɯ ɮɚɤɬɨɪɿɜ Д1–5; 7; 9; 10–14]. 

Ⱥɧɚɥіɡ ɞɨɫɥіɞɠɟɧɶ ɬɚ ɩɭɛɥіɤɚɰіɣ. 
ɉɪɨɛɥɟɦɿ ɮɨɪɦɭɜɚɧɧɹ ɬɚ ɨɛґɪɭɧɬɭɜɚɧɧɹ 

ɪɚɰɿɨɧɚɥɶɧɢɯ ɪɟɫɭɪɫɨɡɛɟɪɿɝɚɥɶɧɢɯ ɨɪɝɚɧɿ-
ɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ɛɭɞɿɜɧɢɰɬɜɚ 
ɰɢɜɿɥɶɧɢɯ ɛɭɞɿɜɟɥɶ ɩɪɢɫɜɹɱɟɧɨ ɧɚɭɤɨɜɿ ɩɪɚɰɿ 
Є. ɘ. Ⱥɧɬɢɩɟɧɤɚ, Ⱥ. І. Ȼɿɥɨɤɨɧɹ, 
Ⱦ. Ɏ. Ƚɨɧɱɚɪɟɧɤɚ, Ɉ. Ⱥ. Ƚɭɫɚɤɨɜɚ, ȼ. І. Ⱦɨ-

ɧɟɧɤɚ, ȿ. Ʉ. Ɂɚɜɚɞɫɤɚɫɚ, ȼ. Ɇ. Ʉɿɪɧɨɫɚ, Ɉ. Ɇ. Ʌɿ-
ɜɿɧɫɶɤɨɝɨ, Ɉ. І. Ɇɟɧɟɣɥɸɤɚ, ɉ. ɉ. Ɉɥɿɣɧɢɤɚ, 
Ɉ. Ɇ. ɉɲɿɧɶɤɚ, І. Ⱥ. ɋɨɤɨɥɨɜɚ, ȼ. І. Ɍɨɪɤɚɬɸ-

ɤɚ, Ɉ. Ⱥ. Ɍɭɝɚɹ, Ɋ. І. Ɏɨɤɨɜɚ, ȼ. Ʉ. ɑɟɪɧɟɧɤɚ, 
ȼ. Ɍ. ɒɚɥɟɧɧɨɝɨ, І. ȼ. ɒɭɦɚɤɨɜɚ, Ʌ. Ɇ. ɒɭ-

ɬɟɧɤɚ ɬɚ ɿɧɲɢɯ ɭɱɟɧɢɯ. 
Ɂɚɜɞɚɧɧɸ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɚɞɿɣɧɨɫɬɿ ɬɚ 

ɛɟɡɩɟɱɧɨʀ ɟɤɫɩɥɭɚɬɚɰɿʀ ɿɫɧɭɸɱɨɝɨ ɠɢɬɥɨɜɨɝɨ 
ɮɨɧɞɭ ɩɪɢɫɜɹɱɟɧɨ ɩɪɚɰɿ ȼ. І. Ȼɨɥɶɲɚɤɨɜɚ, 
ȼ. Ɉ. Ƚɚɥɭɲɤɨ, Ɇ. Ɇ. Ⱦɶɨɦɿɧɚ, Ⱥ. Ⱦ. Єɫɢɩɟɧɤɨ, 
ȼ. Ɋ. Ɇɥɨɞɟɰɶɤɨɝɨ, Ɉ. Ɏ. Ɉɫɢɩɨɜɚ, Ⱥ. ȼ. Ɋɚɞ-

ɤɟɜɢɱɚ, ȼ. ȼ. ɋɚɜɣɨɜɫɶɤɨɝɨ, Ɇ. ȼ. ɋɚɜɢɰɶɤɨ-

ɝɨ, ɋ. ȼ. ɒɚɬɨɜɚ ɬɚ ɿɧɲɢɯ ɞɨɫɥɿɞɧɢɤɿɜ. 

ɉɢɬɚɧɧɹ ɩɿɞɜɢɳɟɧɧɹ ɿɧɜɟɫɬɢɰɿɣɧɨʀ 
ɩɪɢɜɚɛɥɢɜɨɫɬɿ ɠɢɬɥɨɜɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ 
ɞɨɫɥɿɞɠɭɜɚɥɢ ȼ. ɘ. Ȼɨɠɚɧɨɜɚ, ȼ. Ɍ. ȼɟɱɟɪɨɜ, 
І. Ʌ. Ʉɢʀɜɫɶɤɢɣ, ȼ. Ɉ. ɉɨɤɨɥɟɧɤɨ, ȼ. І. Ɍɨɪɤɚ-

ɬɸɤ, Ɋ. Ȼ. Ɍɹɧ, ɋ. Ⱥ. ɍɲɚɰɶɤɢɣ ɬɚ ɿɧɲɿ. 
Ɋɟɡɭɥɶɬɚɬɢ ɜɢɤɨɧɚɧɨɝɨ ɚɧɚɥɿɡɭ ɧɚɭɤɨɜɢɯ 

ɩɪɚɰɶ ɩɪɨɜɿɞɧɢɯ ɭɱɟɧɢɯ ɿ ɫɩɟɰɿɚɥɿɫɬɿɜ ɭ 
ɝɚɥɭɡɿ ɩɪɨɟɤɬɭɜɚɧɧɹ, ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ 
ɟɤɫɩɥɭɚɬɚɰɿʀ ɦɿɫɶɤɨɝɨ ɠɢɬɥɨɜɨɝɨ ɮɨɧɞɭ 
ɞɨɡɜɨɥɢɥɢ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ ɩɪɨ ɜɿɞɫɭɬɧɿɫɬɶ 
ɜɢɱɟɪɩɧɨɝɨ ɧɚɭɤɨɜɨɝɨ ɨɛґɪɭɧɬɭɜɚɧɧɹ 
ɩɪɨɝɧɨɡɨɜɚɧɢɯ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɢɯ 
ɩɨɤɚɡɧɢɤɿɜ ɩɪɨɟɤɬɿɜ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ 
ɠɢɬɥɚ, ɡɚɫɧɨɜɚɧɨɝɨ ɧɚ ɜɪɚɯɭɜɚɧɧɿ 
ɦɿɫɬɨɮɨɪɦɿɜɧɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ɬɟɪɢɬɨɪɿɣ 
ɜɟɥɢɤɢɯ ɦɿɫɬ ɿ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɩɥɢɜɭ 
ɜɢɡɧɚɱɚɥɶɧɢɯ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ 
ɬɚ ɟɤɨɧɨɦɿɱɧɢɯ ɮɚɤɬɨɪɿɜ Д6; 8Ж. 

Ɇɟɬɚ ɫɬɚɬɬі — ɫɢɫɬɟɦɚɬɢɡɚɰɿɹ ɿ 
ɮɨɪɦɚɥɿɡɚɰɿɹ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ 
ɬɚ ɟɤɨɧɨɦɿɱɧɢɯ ɮɚɤɬɨɪɿɜ, ɳɨ ɜɿɞɨɛɪɚɠɚɸɬɶ 
ɫɩɟɰɢɮɿɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɛɭɞɿɜɧɢɰɬɜɚ 
ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ ɿ ɫɭɬɬєɜɨ ɜɩɥɢɜɚɸɬɶ ɧɚ 
ɜɚɪɬɿɫɬɶ ɛɭɞɿɜɟɥɶɧɨʀ ɩɪɨɞɭɤɰɿʀ ɬɚ ɬɪɢɜɚɥɿɫɬɶ  
ɪɨɛɿɬ. 

ȼɢɤɥɚɞ ɦɚɬɟɪіɚɥɭ. ɍ ɛɭɞɿɜɧɢɰɬɜɿ 
ɠɢɬɥɚ ɨɞɧɢɦ ɿɡ ɨɫɧɨɜɧɢɯ ɱɢɧɧɢɤɿɜ ɜɢɫɬɭɩɚє 
ɣɨɝɨ ɞɨɫɬɭɩɧɿɫɬɶ, ɳɨ ɜɢɡɧɚɱɚєɬɶɫɹ, ɩɟɪɲ ɡɚ 
ɜɫɟ, ɜɚɪɬɿɫɬɸ ɠɢɬɥɨɜɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ, ɹɤɚ, ɭ 
ɫɜɨɸ ɱɟɪɝɭ, ɡɭɦɨɜɥɟɧɚ ɟɤɨɧɨɦɿɱɧɿɫɬɸ, ɚ 
ɫɚɦɟ: ɟɤɨɧɨɦɿɱɧɿɫɬɸ ɚɪɯɿɬɟɤɬɭɪɧɨ-ɬɟɯɧɿɱɧɢɯ 
ɪɿɲɟɧɶ, ɟɤɨɧɨɦɿɱɧɿɫɬɸ ɡɜɟɞɟɧɧɹ ɛɭɞɿɜɥɿ, 
ɟɤɨɧɨɦɿɱɧɿɫɬɸ ɜ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ 
(ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ ɜɢɬɪɚɬɢ), ɜɚɪɬɿɫɬɸ ɡɧɨɫɭ ɿ 
ɜɚɪɬɿɫɬɸ ɜɿɞɬɜɨɪɟɧɧɹ (ɡɚɦɿɳɟɧɧɹ) ɛɭɞɿɜɥɿ. 

ɇɚ ɨɫɧɨɜɿ ɟɤɫɩɟɪɬɧɢɯ ɞɚɧɢɯ ɦɨɠɧɚ 
ɜɢɞɿɥɢɬɢ ɨɫɧɨɜɧɿ ɱɢɧɧɢɤɢ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ 
ɡɪɨɫɬɚɧɧɹ ɜɚɪɬɨɫɬɿ ɛɭɞɿɜɧɢɰɬɜɚ: 

 ɧɢɡɶɤɢɣ ɪɿɜɟɧɶ ɨɪɝɚɧɿɡɚɰɿʀ 
ɛɭɞɿɜɟɥɶɧɨɝɨ ɩɪɨɰɟɫɭ, ɥɨɝɿɫɬɢɤɢ ɿ 
ɪɨɡɪɚɯɭɧɤɿɜ ɭ ɛɭɞɿɜɧɢɰɬɜɿ, ɳɨ ɫɩɪɢɱɢɧɹє 
ɜɬɪɚɬɢ ɜɿɞ ɛɪɚɤɭ ɬɚ ɩɪɨɫɬɨʀ ɜ ɫɭɦɿ ɞɨ  
12–15 % ɜɚɪɬɨɫɬɿ ɛɭɞɿɜɧɢɰɬɜɚ; 

 ɩɨɦɢɥɤɢ ɜ ɩɪɨɟɤɬɭɜɚɧɧɿ, ɧɢɡɶɤɚ ɹɤɿɫɬɶ 
ɩɪɨɟɤɬɧɨ-ɤɨɲɬɨɪɢɫɧɨʀ ɞɨɤɭɦɟɧɬɚɰɿʀ; 

 ɜɟɥɢɤɿ ɜɢɬɪɚɬɢ ɧɚ ɿɧɠɟɧɟɪɧɭ 
ɩɿɞɝɨɬɨɜɤɭ ɬɟɪɢɬɨɪɿɣ, ɧɟɞɨɫɤɨɧɚɥɿɫɬɶ 
ɩɪɚɜɢɥ ɜɢɡɧɚɱɟɧɧɹ ɜɢɬɪɚɬ ɧɚ ɩɿɞɤɥɸɱɟɧɧɹ 
ɞɨ ɿɧɠɟɧɟɪɧɢɯ ɦɟɪɟɠ ɬɚ ɝɨɥɨɜɧɢɯ ɞɠɟɪɟɥ 
ɜɨɞɢ, ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɝɚɡɭ; 
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 ɡɪɨɫɬɚɧɧɹ ɰɿɧ ɧɚ ɛɭɞɿɜɟɥɶɧɿ ɦɚɬɟɪɿɚɥɢ, 
ɜɢɪɨɛɢ ɿ ɤɨɧɫɬɪɭɤɰɿʀ; 

 ɱɚɫɬɚ ɡɦɿɧɚ ɩɿɞɪɹɞɧɢɤɿɜ, 
ɧɟɞɨɫɤɨɧɚɥɿɫɬɶ ɤɨɧɤɭɪɫɧɢɯ ɩɪɨɰɟɞɭɪ 
ɩɿɞɛɨɪɭ ɩɿɞɪɹɞɧɢɤɿɜ; 

 ɱɚɫɬɿ ɡɭɩɢɧɤɢ ɜɢɪɨɛɧɢɱɨɝɨ ɰɢɤɥɭ ɿ 
ɤɨɧɫɟɪɜɚɰɿɹ ɨɛ’єɤɬɿɜ ɱɟɪɟɡ ɜɿɞɫɭɬɧɿɫɬɶ 
ɮɿɧɚɧɫɭɜɚɧɧɹ; ɜɢɬɪɚɬɢ ɧɚ ɜɿɞɧɨɜɥɟɧɧɹ 
ɛɭɞɿɜɧɢɰɬɜɚ ɫɩɪɢɱɢɧɸɸɬɶ ɜɬɪɚɬɢ ɞɨ 10 % 

ɤɨɲɬɨɪɢɫɧɨʀ ɜɚɪɬɨɫɬɿ; 
 ɨɛɬɹɠɟɧɧɹ ɡɚɛɭɞɨɜɧɢɤɿɜ ɪɿɡɧɢɦɢ 

ɩɥɚɬɟɠɚɦɢ ɧɚ ɪɨɡɜɢɬɨɤ ɿɧɮɪɚɫɬɪɭɤɬɭɪɢ ɚɛɨ 
ɩɟɪɟɞɚɱɟɸ ɱɚɫɬɢɧɢ ɡɛɭɞɨɜɚɧɨɝɨ ɠɢɬɥɚ. 

Ⱦɨ ɮɚɤɬɨɪɿɜ, ɹɤɿ ɛɟɡɭɦɨɜɧɨ ɜɩɥɢɜɚɬɢɦɭɬɶ 
ɧɚ ɜɚɪɬɿɫɬɶ ɿ ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ 
ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ, ɧɚɥɟɠɚɬɶ ɚɪɯɿɬɟɤɬɭɪɧɨ-

ɩɥɚɧɭɜɚɥɶɧɿ ɪɿɲɟɧɧɹ, ɤɨɧɫɬɪɭɤɬɢɜɧɿ 
ɫɢɫɬɟɦɢ ɛɭɞɿɜɟɥɶ, ɦɚɬɟɪɿɚɥ ɧɨɫɿɣɧɢɯ 
ɤɨɧɫɬɪɭɤɰɿɣ, ɪɿɜɟɧɶ ɿɧɠɟɧɟɪɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɛɭɞɿɜɥɿ, ɤɥɚɫ 
ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɥɿ. Ɉɫɤɿɥɶɤɢ ɰɿ 
ɱɢɧɧɢɤɢ ɛɭɞɭɬɶ ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɶ ɭ 
ɩɨɞɚɥɶɲɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɞɥɹ ɜɿɞɛɨɪɭ 
ɩɪɨɟɤɬɿɜ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ, ɡɚ 
ɞɚɧɢɦɢ ɹɤɢɯ ɛɭɞɟ ɡɞɿɣɫɧɸɜɚɬɢɫɶ 
ɦɨɞɟɥɸɜɚɧɧɹ ɡɜ’ɹɡɤɭ ɦɿɠ ɜɚɪɬɿɫɬɸ ɿ 
ɬɪɢɜɚɥɿɫɬɸ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ ɬɚ 
ɜɢɡɧɚɱɚɥɶɧɢɦɢ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɦɢ 
ɣ ɟɤɨɧɨɦɿɱɧɢɦɢ ɮɚɤɬɨɪɚɦɢ, ɬɚ ɡɧɚɱɟɧɧɹ ɹɤɢɯ 
ɩɪɚɤɬɢɱɧɨ ɨɞɧɚɤɨɜɟ ɞɥɹ ɜɫɿɯ ɨɛ’єɤɬɿɜ, 
ɩɪɢɣɧɹɬɨ ɪɿɲɟɧɧɹ ɜ ɩɨɞɚɥɶɲɢɯ ɦɨɞɟɥɹɯ ʀɯ 
ɧɟ ɡɚɫɬɨɫɨɜɭɜɚɬɢ. 

ɇɚ ɨɫɧɨɜɿ ɜɢɜɱɟɧɧɹ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ 
ɬɚ ɚɧɚɥɿɡɭ ɩɪɨɟɤɬɧɨʀ ɿ ɜɢɤɨɧɚɜɱɨʀ 
ɛɭɞɿɜɟɥɶɧɨʀ ɞɨɤɭɦɟɧɬɚɰɿʀ ɧɢɡɤɢ ɨɛ’єɤɬɿɜ 
ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ ɫɤɥɚɞɟɧɨ ɩɟɪɟɥɿɤ 
ɮɚɤɬɨɪɿɜ, ɹɤɿ ɦɚɸɬɶ ɜɩɥɢɜɚɬɢ ɧɚ ɜɚɪɬɿɫɬɶ ɿ 
ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ: 

 ɦɿɫɬɨɮɨɪɦɿɜɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɬɚ 
ɿɧɜɟɫɬɢɰɿɣɧɚ ɩɪɢɜɚɛɥɢɜɿɫɬɶ ɦɿɫɶɤɢɯ 
ɬɟɪɢɬɨɪɿɣ ( 1x ); 

 ɩɨɜɟɪɯɨɜɿɫɬɶ ɛɭɞɿɜɥɿ ( 2x ); 

 ɡɚɝɚɥɶɧɚ ɩɥɨɳɚ ɛɭɞɿɜɥɿ ( 3x ); 

 ɛɭɞɿɜɟɥɶɧɢɣ ɨɛɫɹɝ ɛɭɞɿɜɥɿ ( 4x ); 

 ɦɟɬɨɞɢ ɨɪɝɚɧɿɡɚɰɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ( 5x ); 

 ɫɬɢɫɧɟɧɿɫɬɶ ɛɭɞɿɜɟɥɶɧɨɝɨ ɦɚɣɞɚɧɱɢɤɚ ( 6x ); 

 ɧɚɞɿɣɧɿɫɬɶ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ 
ɪɿɲɟɧɶ ( 7x ); 

 ɭɧɿɮɿɤɨɜɚɧɿɫɬɶ ɤɨɧɫɬɪɭɤɰɿɣ ( 8x ); 

 ɫɬɭɩɿɧɶ ɡɛɿɪɧɨɫɬɿ ɛɭɞɿɜɟɥɶ ( 9x ); 

 ɧɚɹɜɧɿɫɬɶ ɩɥɨɳ ɞɥɹ ɫɤɥɚɞɭɜɚɧɧɹ ɿ 
ɫɤɥɚɞɚɧɧɹ ɤɨɧɫɬɪɭɤɰɿɣ ( 10x ); 

 ɬɟɯɧɨɥɨɝɿɱɧɿɫɬɶ ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ ( 11x ); 

 ɞɨɜɝɨɜɿɱɧɿɫɬɶ ɛɭɞɿɜɥɿ ( 12x ); 

 ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɩɪɚɰɿ ( 13x ); 

 ɦɟɬɨɞɢ ɦɨɬɢɜɚɰɿʀ ɩɟɪɫɨɧɚɥɭ ( 14x ). 

ɍ ɡɜ’ɹɡɤɭ ɡ ɧɟɞɨɫɬɚɬɧɿɫɬɸ ɫɬɚɬɢɫɬɢɱɧɢɯ 
ɞɚɧɢɯ ɳɨɞɨ ɩɪɿɨɪɢɬɟɬɧɨɫɬɿ ɜɩɥɢɜɭ 
ɡɚɡɧɚɱɟɧɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɿ 
ɩɨɤɚɡɧɢɤɢ ɩɪɨɟɤɬɿɜ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ 
ɠɢɬɥɚ, ɞɥɹ ɩɪɢɣɧɹɬɬɹ ɨɛґɪɭɧɬɨɜɚɧɨɝɨ 
ɪɿɲɟɧɧɹ ɳɨɞɨ ɜɿɞɛɨɪɭ ɡɿ ɫɤɥɚɞɟɧɨɝɨ 
ɩɟɪɟɥɿɤɭ ɮɚɤɬɨɪɿɜ, ɹɤɿ ɜɢɡɧɚɱɚɥɶɧɨ 
ɜɩɥɢɜɚɸɬɶ ɧɚ ɜɚɪɬɿɫɬɶ ɿ ɬɪɢɜɚɥɿɫɬɶ 
ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ, ɞɨɰɿɥɶɧɨ 
ɡɚɫɬɨɫɭɜɚɬɢ ɦɟɬɨɞɢ ɟɤɫɩɟɪɬɧɢɯ ɨɰɿɧɨɤ. 

Ⱦɨ ɨɰɿɧɸɜɚɧɧɹ ɛɭɥɨ ɡɚɥɭɱɟɧɨ 25 
ɟɤɫɩɟɪɬɿɜ, ɞɨ ɫɤɥɚɞɭ ɹɤɢɯ ɜɯɨɞɢɥɢ ɧɚɭɤɨɜɰɿ 
ɜɢɳɢɯ ɧɚɜɱɚɥɶɧɢɯ ɡɚɤɥɚɞɿɜ ɛɭɞɿɜɟɥɶɧɨɝɨ 
ɩɪɨɮɿɥɸ ɬɚ ɮɚɯɿɜɰɿ ɩɪɨɟɤɬɧɨ-ɛɭɞɿɜɟɥɶɧɢɯ 
ɨɪɝɚɧɿɡɚɰɿɣ. 

Ɂɚɫɬɨɫɨɜɚɧɨ ɩɪɨɰɟɞɭɪɭ ɤɨɥɟɤɬɢɜɧɢɯ 
ɟɤɫɩɟɪɬɧɢɯ ɨɰɿɧɨɤ. ȿɤɫɩɟɪɬɧɿ ɞɭɦɤɢ 
ɡɛɢɪɚɥɢ ɲɥɹɯɨɦ ɡɚɨɱɧɨɝɨ ɚɧɤɟɬɧɨɝɨ 
ɨɩɢɬɭɜɚɧɧɹ. ȿɤɫɩɟɪɬɢɡɭ ɡɞɿɣɫɧɸɜɚɥɢ ɜ ɨɞɢɧ 
ɬɭɪ. ȿɤɫɩɟɪɬɚɦ ɛɭɥɨ ɧɚɞɿɫɥɚɧɨ ɚɧɤɟɬɭ ɡ 
ɮɚɤɬɨɪɚɦɢ, ɪɨɡɬɚɲɨɜɚɧɢɦɢ ɜ ɞɨɜɿɥɶɧɨɦɭ 
ɩɨɪɹɞɤɭ. Ʉɨɠɧɨɦɭ ɡ ɮɚɤɬɨɪɿɜ ɧɚɞɚɧɨ ɭɦɨɜɧɟ 
ɩɨɡɧɚɱɟɧɧɹ: 14321 ,...,,, xxxx . ȿɤɫɩɟɪɬɚɦ ɛɭɥɨ 
ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɪɨɡɬɚɲɭɜɚɬɢ ɰɿ ɮɚɤɬɨɪɢ ɜ 
ɩɨɪɹɞɤɭ ɫɭɬɬєɜɨɫɬɿ ʀɯ ɜɩɥɢɜɭ ɧɚ ɜɚɪɬɿɫɬɶ ɿ 
ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ. 

Ⱦɥɹ ɪɚɧɠɭɜɚɧɧɹ ɟɤɫɩɟɪɬ ɦɚє ɪɨɡɬɚɲɭɜɚɬɢ 
ɮɚɤɬɨɪɢ ɜ ɩɨɪɹɞɤɭ, ɹɤɢɣ ɣɨɦɭ ɜɢɞɚєɬɶɫɹ 
ɧɚɣɛɿɥɶɲ ɞɨɰɿɥɶɧɢɦ, ɿ ɩɪɢɫɜɨʀɬɢ ɤɨɠɧɨɦɭ ɡ 
ɧɢɯ ɱɢɫɥɚ ɧɚɬɭɪɚɥɶɧɨɝɨ ɪɹɞɭ – ɪɚɧɝɢ. ɉɪɢ 
ɰɶɨɦɭ ɪɚɧɝ 1 ɜɿɞɩɨɜɿɞɚє ɜɢɳɨɦɭ ɫɬɭɩɟɧɸ 
ɡɧɚɱɭɳɨɫɬɿ ɜɩɥɢɜɭ ɩɿɞ ɱɚɫ ɜɿɞɛɨɪɭ ɮɚɤɬɨɪɿɜ, 
ɚ ɪɚɧɝ N  — ɧɚɣɦɟɧɲɨɦɭ. ȼɿɞɩɨɜɿɞɧɨ 
ɩɨɪɹɞɤɨɜɚ ɲɤɚɥɚ, ɨɞɟɪɠɭɜɚɧɚ ɜ ɪɟɡɭɥɶɬɚɬɿ 
ɪɚɧɠɭɜɚɧɧɹ, ɩɨɜɢɧɧɚ ɡɚɞɨɜɨɥɶɧɹɬɢ ɭɦɨɜɭ 
ɪɿɜɧɨɫɬɿ ɱɢɫɥɚ ɪɚɧɝɿɜ N  ɱɢɫɥɭ ɪɚɧɠɨɜɚɧɢɯ 
ɮɚɤɬɨɪɿɜ n . 

Ɋɟɡɭɥɶɬɚɬɢ ɨɩɢɬɭɜɚɧɧɹ ɟɤɫɩɟɪɬɿɜ ɡɜɟɞɟɧɨ 
ɜ ɬɚɛɥɢɰɿ 1, 2.  
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Ɍ ɚ ɛ ɥ ɢ ɰ ɹ  1  

Ɋɟɡɭɥɶɬɚɬɢ ɨɩɢɬɭɜɚɧɧɹ ɟɤɫɩɟɪɬɿɜ ɳɨɞɨ ɜɩɥɢɜɭ ɮɚɤɬɨɪɿɜ ɧɚ ɜɚɪɬɿɫɬɶ  
ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 

ȿɤɫɩɟɪɬ
ɢ 

Ɏɚɤɬɨɪɢ 

ɋɭɦɚ 
1x  2x  3x  4x  5x

 
6x  7x  8x

 
9x  10x

 

11x

 

12x

 

13x

 

14x

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 4 3 2 1 9 5 11 12 7 8 6 10 13 14 105 

2 4 6 1 11 8 2 3 13 9 10 5 12 7 14 105 

3 1 7 5 4 3 2 6 12 10 13 11 8 9 14 105 

4 4 1 2 3 11 6 7 13 12 5 10 8 9 14 105 

5 1 3 4 2 9 5 8 10 7 13 6 12 11 14 105 

6 2 7 8 1 9 3 10 5 4 12 6 11 13 14 105 

7 1 3 2 10 4 12 9 11 5 13 7 8 6 14 105 

8 3 8 9 10 1 6 2 7 4 13 11 5 12 14 105 

9 1 2 3 4 6 5 7 12 8 13 9 11 10 14 105 

10 1 4 3 2 6 5 8 10 9 13 7 11 12 14 105 

11 1 3 4 2 8 5 6 10 9 13 7 11 12 14 105 

12 1 2 4 3 6 5 7 10 8 13 9 12 11 14 105 

13 1 3 2 4 8 5 7 10 9 11 6 14 13 12 105 

14 1 4 3 2 8 7 6 10 9 11 5 13 14 12 105 

15 3 2 1 4 8 7 6 10 9 11 5 14 13 12 105 

16 1 2 3 4 10 5 7 8 9 13 6 11 14 12 105 

17 2 3 4 1 7 8 6 11 10 9 5 12 14 13 105 

18 2 4 3 1 10 6 7 9 8 12 5 11 14 13 105 

19 1 7 2 8 5 3 12 9 4 10 6 13 11 14 105 

20 2 3 4 1 5 6 10 9 8 11 7 14 12 13 105 

21 1 3 2 4 7 5 6 12 9 14 11 10 8 13 105 

22 1 3 2 4 7 6 8 10 9 11 5 12 14 13 105 

23 1 2 3 4 8 5 7 10 9 12 6 11 13 14 105 

24 3 1 2 4 7 6 8 10 9 11 5 14 12 13 105 

25 1 2 3 4 7 6 8 9 10 11 5 12 13 14 105 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

j
t  44 88 81 98 
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7 
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6 

18

2 

25

2 
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0 

29
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j  
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j  
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25
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25
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 5
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 0

52
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1
0
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 1
5
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ɇɚ ɨɫɧɨɜɿ ɞɚɧɢɯ ɬɚɛɥɢɰɶ 1 ɿ 2 ɜɢɡɧɚɱɟɧɨ 
ɤɨɟɮɿɰɿєɧɬ ɤɨɧɤɨɪɞɚɰɿʀ ɞɭɦɨɤ ɟɤɫɩɟɪɬɿɜ, 
ɹɤɢɣ ɞɨɪɿɜɧɸє 0,761 ɬɚ 0,904 ɜɿɞɩɨɜɿɞɧɨ, ɳɨ 
ɫɜɿɞɱɢɬɶ ɩɪɨ ɞɨɫɢɬɶ ɜɢɫɨɤɭ ɭɡɝɨɞɠɟɧɿɫɬɶ 
ɞɭɦɨɤ ɟɤɫɩɟɪɬɿɜ. 

 

 

 

 

Ⱦɥɹ ɨɰɿɧɤɢ ɡɧɚɱɭɳɨɫɬɿ ɤɨɟɮɿɰɿєɧɬɚ 
ɤɨɧɤɨɪɞɚɰɿʀ ɡɚɫɬɨɫɨɜɭєɦɨ ɤɪɢɬɟɪɿɣ ɉɿɪɫɨɧɚ  
( 2 -ɤɪɢɬɟɪɿɣ), ɹɤɢɣ ɞɨɪɿɜɧɸє 325,2472   ɬɚ 

8,2932   ɜɿɞɩɨɜɿɞɧɨ. 
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Ɍ ɚ ɛ ɥ ɢ ɰ ɹ  2  

Ɋɟɡɭɥɶɬɚɬɢ ɨɩɢɬɭɜɚɧɧɹ ɟɤɫɩɟɪɬɿɜ ɳɨɞɨ ɜɩɥɢɜɭ ɮɚɤɬɨɪɿɜ ɧɚ ɬɪɢɜɚɥɿɫɬɶ  
ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 

ȿɤɫɩɟɪɬɢ 
Ɏɚɤɬɨɪɢ 

ɋɭɦɚ 
1x  2x  3x  4x  5x  6x  7x  8x  9x  10x  11x  12x  13x  14x  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 11 3 2 1 5 6 9 8 7 12 4 14 10 13 105 

2 11 4 3 1 5 2 10 7 9 8 6 13 12 14 105 

3 10 2 3 4 5 1 8 11 6 13 9 14 7 12 105 

4 13 2 6 1 3 5 10 7 9 12 4 11 8 14 105 

5 11 1 2 3 4 6 9 10 5 12 7 13 8 14 105 

6 13 2 3 1 5 4 9 6 7 10 8 14 11 12 105 

7 12 2 1 3 4 5 10 7 8 13 6 14 9 11 105 

8 9 2 3 1 4 6 12 5 8 10 7 14 11 13 105 

9 10 2 3 1 4 5 8 7 9 12 6 14 11 13 105 

10 11 1 2 3 4 5 6 8 9 12 7 14 10 13 105 

11 12 2 6 4 3 1 10 7 8 13 5 11 9 14 105 

12 11 2 3 1 4 6 9 7 8 12 5 13 10 14 105 

13 10 1 2 3 5 4 11 7 8 9 6 14 12 13 105 

14 11 3 2 1 4 5 9 6 7 12 8 14 10 13 105 

15 11 2 3 1 6 4 9 7 8 10 5 14 12 13 105 

16 9 1 2 3 6 4 11 8 7 12 5 13 10 14 105 

17 12 2 3 1 7 8 9 5 6 11 4 14 10 13 105 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

18 10 7 8 1 5 6 9 2 3 12 4 14 11 13 105 

19 11 3 2 1 4 5 9 7 8 12 6 14 10 13 105 

20 11 1 3 2 4 5 9 8 7 10 6 14 12 13 105 

21 11 1 3 2 6 4 9 7 8 10 5 13 12 14 105 

22 12 2 3 1 4 5 9 7 8 10 6 14 11 13 105 

23 11 2 3 1 4 5 7 8 9 12 6 14 10 13 105 

24 11 2 3 1 4 5 7 8 9 13 6 14 10 12 105 

25 11 1 2 3 4 5 9 6 7 12 8 14 10 13 105 

jt  275 53 76 45 113 117 227 176 188 284 149 339 256 327 2625 
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Ɍɚɛɥɢɱɧɟ ɡɧɚɱɟɧɧɹ 2 -ɤɪɢɬɟɪɿɸ ɞɥɹ 
05,0)( 2 P  ɬɚ ɱɢɫɥɚ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ 

13114.. fd  ɞɨɪɿɜɧɸє 36,222 ɬɚɛɥ . 

Ɉɫɤɿɥɶɤɢ ɜ ɨɛɨɯ ɜɢɩɚɞɤɚɯ 22
ɬɚɛɥ  ,  

ɞɭɦɤɢ ɟɤɫɩɟɪɬɿɜ ɜɜɚɠɚɸɬɶɫɹ ɞɨɫɬɚɬɧɶɨ 
ɭɡɝɨɞɠɟɧɢɦɢ. 

Ɂɚ ɞɚɧɢɦɢ ɬɚɛɥɢɰɶ 1 ɿ 2 ɛɭɞɭєɦɨ ɞɿɚɝɪɚɦɢ 
ɫɭɦɚɪɧɢɯ ɪɚɧɝɿɜ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɮɚɤɬɨɪɿɜ 
(ɪɢɫ. 1 ɬɚ  2 ɜɿɞɩɨɜɿɞɧɨ). 

Ɂɚ ɞɚɧɢɦɢ ɪɢɫɭɧɤɿɜ 1 ɬɚ 2, ɡɜɚɠɚɸɱɢ ɧɚ 
ɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨɝɨ ɪɚɧɝɭ, ɹɤɟ ɞɨɪɿɜɧɸє 
187,5, ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɡ 
ɞɨɫɥɿɞɠɭɜɚɧɢɯ 14 ɮɚɤɬɨɪɿɜ ɧɚɣɛɿɥɶɲɢɣ 
ɜɩɥɢɜ ɧɚ ɜɚɪɬɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ 
ɠɢɬɥɚ ɡɞɿɣɫɧɸɸɬɶ ɮɚɤɬɨɪɢ 1x , 2x , 3x , 4x , 5x , 
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6x , 7x , 11x , ɚ ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ 
ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ — ɮɚɤɬɨɪɢ 2x , 3x , 4x , 5x , 

6x , 8x , 9x , 11x , ɨɫɤɿɥɶɤɢ ɫɭɦɚɪɧɿ ɪɚɧɝɢ ɰɢɯ 
ɮɚɤɬɨɪɿɜ  ɦɿɧɿɦɚɥɶɧɿ. 

Ɉɬɠɟ, ɮɚɤɬɨɪɢ, ɳɨ ɜɢɡɧɚɱɚɥɶɧɨ 
ɜɩɥɢɜɚɸɬɶ ɧɚ ɜɚɪɬɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ 
ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ, ɬɚɤɿ: ɦɿɫɬɨɮɨɪɦɿɜɧɿ 
ɨɫɨɛɥɢɜɨɫɬɿ ɬɚ ɿɧɜɟɫɬɢɰɿɣɧɚ ɩɪɢɜɚɛɥɢɜɿɫɬɶ 
ɦɿɫɶɤɢɯ ɬɟɪɢɬɨɪɿɣ ( 1x ), ɩɨɜɟɪɯɨɜɿɫɬɶ ɛɭɞɿɜɥɿ 
( 2x ), ɡɚɝɚɥɶɧɚ ɩɥɨɳɚ ɛɭɞɿɜɥɿ ( 3x ), 

ɛɭɞɿɜɟɥɶɧɢɣ ɨɛɫɹɝ ɛɭɞɿɜɥɿ ( 4x ), ɦɟɬɨɞɢ 
ɨɪɝɚɧɿɡɚɰɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ( 5x ), ɫɬɢɫɧɟɧɿɫɬɶ 
ɛɭɞɿɜɟɥɶɧɨɝɨ ɦɚɣɞɚɧɱɢɤɚ ( 6x ), ɧɚɞɿɣɧɿɫɬɶ 

ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ( 7x ), 

ɬɟɯɧɨɥɨɝɿɱɧɿɫɬɶ ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ ( 11x ) 

(ɬɚɛɥ. 3). Ⱥ ɮɚɤɬɨɪɢ, ɳɨ ɜɢɡɧɚɱɚɥɶɧɨ 
ɜɩɥɢɜɚɸɬɶ ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ 
ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ, ɬɚɤɿ: ɩɨɜɟɪɯɨɜɿɫɬɶ ɛɭɞɿɜɥɿ 
( 2x ), ɡɚɝɚɥɶɧɚ ɩɥɨɳɚ ɛɭɞɿɜɥɿ ( 3x ), 

ɛɭɞɿɜɟɥɶɧɢɣ ɨɛɫɹɝ ɛɭɞɿɜɥɿ ( 4x ), ɦɟɬɨɞɢ 
ɨɪɝɚɧɿɡɚɰɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ( 5x ), ɫɬɢɫɧɟɧɿɫɬɶ 
ɛɭɞɿɜɟɥɶɧɨɝɨ ɦɚɣɞɚɧɱɢɤɚ ( 6x ), ɭɧɿɮɿ-
ɤɨɜɚɧɿɫɬɶ ɤɨɧɫɬɪɭɤɰɿɣ ( 8x ), ɫɬɭɩɿɧɶ 
ɡɛɿɪɧɨɫɬɿ ɛɭɞɿɜɟɥɶ ( 9x ), ɬɟɯɧɨɥɨɝɿɱɧɿɫɬɶ 
ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ ( 11x ) (ɬɚɛɥ. 4). 

 
Ɋɢɫ. 1. Ⱦɿɚɝɪɚɦɚ ɫɭɦɚɪɧɢɯ ɪɚɧɝɿɜ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɮɚɤɬɨɪɿɜ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɟɤɫɩɟɪɬɧɨɝɨ ɨɰɿɧɸɜɚɧɧɹ ɳɨɞɨ 

ʀɯ ɜɩɥɢɜɭ ɧɚ ɜɚɪɬɿɫɬɶ 

 
Ɋɢɫ. 2. Ⱦɿɚɝɪɚɦɚ ɫɭɦɚɪɧɢɯ ɪɚɧɝɿɜ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɮɚɤɬɨɪɿɜ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɟɤɫɩɟɪɬɧɨɝɨ 

ɨɰɿɧɸɜɚɧɧɹ ɳɨɞɨ ʀɯ ɜɩɥɢɜɭ ɧɚ ɬɪɢɜɚɥɿɫɬɶ 
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Ɍ ɚ ɛ ɥ ɢ ɰ ɹ  3  

Ɏɚɤɬɨɪɢ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɜɚɪɬɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 

№ 
ɡ/ɩ 

Ɏɚɤɬɨɪɢ 

ɋɬɭɩɿɧɶ ɜɩɥɢɜɭ ɧɚ ɜɚɪɬɿɫɬɶ 
ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 

ɜɢɫɨɤɢɣ ɫɟɪɟɞɧɿɣ ɧɢɡɶɤɢɣ 

1 
Ɇɿɫɬɨɮɨɪɦɿɜɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɬɚ ɿɧɜɟɫɬɢɰɿɣɧɚ 
ɩɪɢɜɚɛɥɢɜɿɫɬɶ ɦɿɫɶɤɢɯ ɬɟɪɢɬɨɪɿɣ 

+   

2 ɉɨɜɟɪɯɨɜɿɫɬɶ ɛɭɞɿɜɥɿ +   

3 Ɂɚɝɚɥɶɧɚ ɩɥɨɳɚ ɛɭɞɿɜɥɿ +   

4 Ȼɭɞɿɜɟɥɶɧɢɣ ɨɛɫɹɝ ɛɭɞɿɜɥɿ +   

5 Ɇɟɬɨɞɢ ɨɪɝɚɧɿɡɚɰɿʀ ɛɭɞɿɜɧɢɰɬɜɚ +   

6 ɋɬɢɫɧɟɧɿɫɬɶ ɛɭɞɿɜɟɥɶɧɨɝɨ ɦɚɣɞɚɧɱɢɤɚ +   

7 ɇɚɞɿɣɧɿɫɬɶ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ +   

8 ɍɧɿɮɿɤɨɜɚɧɿɫɬɶ ɤɨɧɫɬɪɭɤɰɿɣ  +  

9 ɋɬɭɩɿɧɶ ɡɛɿɪɧɨɫɬɿ ɛɭɞɿɜɟɥɶ  +  

10 
ɇɚɹɜɧɿɫɬɶ ɩɥɨɳ ɞɥɹ ɫɤɥɚɞɭɜɚɧɧɹ ɿ ɡɛɢɪɚɧɧɹ 
ɤɨɧɫɬɪɭɤɰɿɣ 

  + 

11 Ɍɟɯɧɨɥɨɝɿɱɧɿɫɬɶ ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ +   

12 Ⱦɨɜɝɨɜɿɱɧɿɫɬɶ ɛɭɞɿɜɥɿ   + 

13 ɉɪɨɞɭɤɬɢɜɧɿɫɬɶ ɩɪɚɰɿ   + 

14 Ɇɟɬɨɞɢ ɦɨɬɢɜɚɰɿʀ ɩɟɪɫɨɧɚɥɭ   + 

 

Ɍ ɚ ɛ ɥ ɢ ɰ ɹ  4  

Ɏɚɤɬɨɪɢ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 

№ 
ɡ/ɩ 

Ɏɚɤɬɨɪɢ 

ɋɬɭɩɿɧɶ ɜɩɥɢɜɭ ɧɚ ɬɪɢɜɚɥɿɫɬɶ 
ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 

ɜɢɫɨɤɢɣ ɫɟɪɟɞɧɿɣ ɧɢɡɶɤɢɣ 

1 
Ɇɿɫɬɨɮɨɪɦɿɜɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɬɚ ɿɧɜɟɫɬɢɰɿɣɧɚ 
ɩɪɢɜɚɛɥɢɜɿɫɬɶ ɦɿɫɶɤɢɯ ɬɟɪɢɬɨɪɿɣ 

  + 

2 ɉɨɜɟɪɯɨɜɿɫɬɶ ɛɭɞɿɜɥɿ +   

3 Ɂɚɝɚɥɶɧɚ ɩɥɨɳɚ ɛɭɞɿɜɥɿ +   

4 Ȼɭɞɿɜɟɥɶɧɢɣ ɨɛɫɹɝ ɛɭɞɿɜɥɿ +   

5 Ɇɟɬɨɞɢ ɨɪɝɚɧɿɡɚɰɿʀ ɛɭɞɿɜɧɢɰɬɜɚ +   

6 ɋɬɢɫɧɟɧɿɫɬɶ ɛɭɞɿɜɟɥɶɧɨɝɨ ɦɚɣɞɚɧɱɢɤɚ +   

7 ɇɚɞɿɣɧɿɫɬɶ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ  +  

8 ɍɧɿɮɿɤɨɜɚɧɿɫɬɶ ɤɨɧɫɬɪɭɤɰɿɣ +   

9 ɋɬɭɩɿɧɶ ɡɛɿɪɧɨɫɬɿ ɛɭɞɿɜɟɥɶ +   

10 
ɇɚɹɜɧɿɫɬɶ ɩɥɨɳ ɞɥɹ ɫɤɥɚɞɭɜɚɧɧɹ ɿ ɡɛɢɪɚɧɧɹ 
ɤɨɧɫɬɪɭɤɰɿɣ 

  + 

11 Ɍɟɯɧɨɥɨɝɿɱɧɿɫɬɶ ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ +   

12 Ⱦɨɜɝɨɜɿɱɧɿɫɬɶ ɛɭɞɿɜɥɿ   + 

13 ɉɪɨɞɭɤɬɢɜɧɿɫɬɶ ɩɪɚɰɿ  +  

14 Ɇɟɬɨɞɢ ɦɨɬɢɜɚɰɿʀ ɩɟɪɫɨɧɚɥɭ   + 

 

Ⱦɥɹ ɤɿɥɶɤɿɫɧɨʀ ɨɰɿɧɤɢ ɜɩɥɢɜɭ 
ɜɢɳɟɡɚɡɧɚɱɟɧɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɜɚɪɬɿɫɬɶ ɿ 
ɬɪɢɜɚɥɿɫɬɶ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 
ɞɨɰɿɥɶɧɨ ɫɤɨɪɢɫɬɚɬɢɫɹ ɛɟɡɪɨɡɦɿɪɧɢɦɢ 
ɮɚɤɬɨɪɚɦɢ, ɡɧɚɱɟɧɧɹ ɹɤɢɯ ɡɦɿɧɸɸɬɶɫɹ ɜ 
ɦɟɠɚɯ ɜɿɞ 0 ɞɨ 1. ɉɪɢ ɰɶɨɦɭ ɹɤɳɨ ɡɧɚɱɟɧɧɹ 
ɮɚɤɬɨɪɚ ɧɚɛɥɢɠɚєɬɶɫɹ ɞɨ 0, ɜɩɥɢɜ ɮɚɤɬɨɪɚ 
ɩɪɨɹɜɥɹєɬɶɫɹ ɜ ɦɿɧɿɦɚɥɶɧɨɦɭ ɫɬɭɩɟɧɿ, ɚ 

ɹɤɳɨ ɡɧɚɱɟɧɧɹ ɮɚɤɬɨɪɚ ɧɚɛɥɢɠɚєɬɶɫɹ ɞɨ 1, 
ɬɨ ɜɩɥɢɜ ɮɚɤɬɨɪɚ ɦɚɤɫɢɦɚɥɶɧɢɣ. 

ȼɢɫɧɨɜɤɢ. Іɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɦɟɬɨɞɿɜ 

ɟɤɫɩɟɪɬɧɢɯ ɨɰɿɧɨɤ ɫɮɨɪɦɨɜɚɧɨ ɫɢɫɬɟɦɭ 
ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɿ ɟɤɨɧɨɦɿɱɧɢɯ 
ɮɚɤɬɨɪɿɜ, ɹɤɿ ɜɿɞɨɛɪɚɠɚɸɬɶ ɫɩɟɰɢɮɿɱɧɿ 
ɨɫɨɛɥɢɜɨɫɬɿ ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ 
ɬɚ ɫɭɬɬєɜɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɜɚɪɬɿɫɬɶ ɬɚɤɨʀ 
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ɛɭɞɿɜɟɥɶɧɨʀ ɩɪɨɞɭɤɰɿʀ ɬɚ ɬɪɢɜɚɥɿɫɬɶ 
ɜɢɤɨɧɚɧɧɹ ɪɨɛɿɬ. 

Ⱦɥɹ ɜɢɹɜɥɟɧɧɹ ɜ ɩɨɞɚɥɶɲɨɦɭ 
ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ ɜɩɥɢɜɭ ɫɢɫɬɟɦɚɬɢɡɨɜɚɧɢɯ 

ɮɚɤɬɨɪɿɜ ɧɚ ɜɚɪɬɿɫɬɶ ɬɚ ɬɪɢɜɚɥɿɫɬɶ 
ɛɭɞɿɜɧɢɰɬɜɚ ɞɨɫɬɭɩɧɨɝɨ ɠɢɬɥɚ ɩɨɬɪɿɛɧɚ 
ɮɨɪɦɚɥɿɡɚɰɿɹ ɜɢɡɧɚɱɚɥɶɧɢɯ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-

ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɿ ɟɤɨɧɨɦɿɱɧɢɯ ɮɚɤɬɨɪɿɜ.
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ɍȾɄ 69.032.22:658.512.4 

ɎɈɊɆɍȼȺɇɇə ɉɊɈȿɄɌɇɂɏ ɌȺ ɈɊȽȺɇȱɁȺɐȱɃɇɈ-

ɌȿɏɇɈɅɈȽȱɑɇɂɏ Ɋȱɒȿɇɖ ɁȼȿȾȿɇɇə ȼɂɋɈɌɇɂɏ 
ȻȺȽȺɌɈɎɍɇɄɐȱɈɇȺɅɖɇɂɏ ɄɈɆɉɅȿɄɋȱȼ 

ȻɈɅɖɒȺɄɈȼ ȼ. І.1, ɞ. ɬ. ɧ, ɩɪɨɮ., 
ɁȺəɐɖ Є. І.2*

, ɤ .ɬ .ɧ., ɞɨɰ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɩɥɚɧɭɜɚɧɧɹ ɿ ɨɪɝɚɧɿɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ 
ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ, ɬɟɥ. +38 (056) 756-33-66,  

e-mail: zei83dici@mail.ru, ORCID ID: 0000-0002-7382-919ɏ 

Ⱥɧɨɬɚɰіɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ɏɨɪɦɭɜɚɧɧɹ ɦɧɨɠɢɧɢ ɫɩɨɫɨɛɿɜ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. Ɇɟɬɚ ɫɬɚɬɬɿ. Ɏɨɪɦɭɜɚɧɧɹ ɜɚɪɿɚɧɬɿɜ ɪɟɚɥɿɡɚɰɿʀ ɫɢɫɬɟɦɢ ɫɬɜɨɪɟɧɧɹ ɿ 
ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɤɨɦɛɿɧɚɬɨɪɧɨ-ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ 
ɚɧɚɥɿɡɭ ɬɚ ɫɢɧɬɟɡɭ. ɁЙɹɫɭɜɚɧɧɹ ɦɧɨɠɢɧɢ ɜɚɪɿɚɧɬɿɜ ɠɢɬɬєɜɨɝɨ ɰɢɤɥɭ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɤɨɦɩɥɟɤɫɿɜ. Вɢɫɧɨɜɤɢ. Ɋɨɡɪɨɛɥɟɧɨ ɦɟɬɨɞ ɮɨɪɦɭɜɚɧɧɹ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ, ɚɞɚɩɬɨɜɚɧɢɣ ɞɨ 
ɭɦɨɜ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ, ɳɨ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɧɚ ɭɦɨɜɚɯ ɛɚɝɚɬɨɜɚɪɿɚɧɬɧɨɫɬɿ, ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɧɨɪɦɚɬɢɜɧɢɯ ɜɢɦɨɝ ɳɨɞɨ ɩɨɠɟɠɧɨʀ ɛɟɡɩɟɤɢ, ɿɧɫɨɥɹɰɿʀ ɛɭɞɢɧɤɿɜ ɿ ɩɪɢɦɿɳɟɧɶ, ɡɚɯɢɫɬɭ ɜɿɞ ɲɭɦɭ ɿ 
ɜɿɛɪɚɰɿʀ, ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ, ɿɧɮɪɚɫɬɪɭɤɬɭɪɢ ɿ ɳɿɥɶɧɨɫɬɿ ɧɚɫɟɥɟɧɧɹ ɠɢɬɥɨɜɨɝɨ ɦɿɤɪɨɪɚɣɨɧɭ ɡ ɩɨɜɧɢɦ 
ɤɨɦɩɥɟɤɫɨɦ ɭɫɬɚɧɨɜ ɿ ɩɿɞɩɪɢєɦɫɬɜ ɦɿɫɰɟɜɨɝɨ ɡɧɚɱɟɧɧɹ, ɜ ɦɟɠɚɯ ɧɚɹɜɧɢɯ ɪɟɫɭɪɫɧɢɯ ɨɛɦɟɠɟɧɶ, ɡɚɛɟɡɩɟɱɢɬɢ 
ɜɜɟɞɟɧɧɹ ɜ ɟɤɫɩɥɭɚɬɚɰɿɸ ɨɛ’єɤɬɿɜ ɿɡ ɡɚɞɚɧɢɦɢ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɦɨɞɟɥɿ 
ɬɚ ɦɟɬɨɞɢɤɚ ɞɨɡɜɨɥɹɬɶ ɜɢɡɧɚɱɢɬɢ ɪɚɰɿɨɧɚɥɶɧɢɣ ɜɚɪɿɚɧɬ ɜɢɫɨɬɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɡɚɞɚɧɢɯ ɤɪɢɬɟɪɿʀɜ 
ɬɚ ɨɛɦɟɠɟɧɶ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɜɢɫɨɬɧɟ ɛɭɞɿɜɧɢɰɬɜɨ, ɜɢɫɨɬɧɢɣ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɣ ɤɨɦɩɥɟɤɫ, ɩɪɨɟɤɬɧɿ ɪɿɲɟɧɧɹ, 

ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɿ ɪɿɲɟɧɧɹ, ɪɟɫɭɪɫɢ, ɬɪɢɜɚɥɿɫɬɶ, ɜɚɪɬɿɫɬɶ 

ɎɈɊɆɂɊɈȼȺɇɂȿ ɉɊɈȿɄɌɇɕɏ ɂ ɈɊȽȺɇɂɁȺɐɂɈɇɇɈ-

ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ ɊȿɒȿɇɂɃ ȼɈɁȼȿȾȿɇɂə ȼɕɋɈɌɇɕɏ 
ɆɇɈȽɈɎɍɇɄɐɂɈɇȺɅɖɇɕɏ ɄɈɆɉɅȿɄɋɈȼ 

ȻɈɅɖɒȺɄɈȼ ȼ. ɂ. 1, ɞ. ɬ. ɧ, ɩɪɨɮ., 

ɁȺəɐ ȿ. ɂ.2*
, ɤ. ɬ. ɧ., ɞɨɰ. 

1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: bolshakov@mail.pgasa.dp.ua,  ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (056) 756-33-66, e-mail: zei83dici@mail.ru, ORCID ID: 0000-0002-7382-919ɏ 

Ⱥɧɧɨɬɚɰɢɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɧɨɠɟɫɬɜɚ ɫɩɨɫɨɛɨɜ ɜɨɡɜɟɞɟɧɢɹ ɜɵɫɨɬɧɵɯ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɫɨɡɞɚɧɢɹ ɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜɵɫɨɬɧɵɯ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɛɢɧɚɬɨɪɧɨ-

ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɧɨɠɟɫɬɜɚ ɜɚɪɢɚɧɬɨɜ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɜɵɫɨɬɧɵɯ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Вɵɜɨɞɵ. Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɚɞɚɩɬɢɪɨɜɚɧɧɵɣ ɤ ɭɫɥɨɜɢɹɦ ɜɨɡɜɟɞɟɧɢɹ ɜɵɫɨɬɧɵɯ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚ ɭɫɥɨɜɢɹɯ ɦɧɨɝɨɜɚɪɢɚɧɬɧɨɫɬɢ, ɫ ɭɱɟɬɨɦ ɧɨɪɦɚɬɢɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɢɧɫɨɥɹɰɢɢ ɡɞɚɧɢɣ ɢ ɩɨɦɟɳɟɧɢɣ, ɡɚɳɢɬɵ ɨɬ ɲɭɦɚ ɢ ɜɢɛɪɚɰɢɢ, ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɩɥɨɬɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɠɢɥɨɝɨ ɦɢɤɪɨɪɚɣɨɧɚ ɫ ɩɨɥɧɵɦ ɤɨɦɩɥɟɤɫɨɦ 
ɭɱɪɟɠɞɟɧɢɣ ɢ ɩɪɟɞɩɪɢɹɬɢɣ ɦɟɫɬɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɜ ɪɚɦɤɚɯ ɢɦɟɸɳɢɯɫɹ ɪɟɫɭɪɫɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɨɛɟɫɩɟɱɢɬɶ ɜɜɨɞ 
ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɨɛɴɟɤɬɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɦɨɞɟɥɢ ɢ 
ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɜɵɫɨɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɝɥɚɫɧɨ ɡɚɞɚɧɧɵɦ ɤɪɢɬɟɪɢɹɦ 
ɢ ɨɝɪɚɧɢɱɟɧɢɹɦ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɵɫɨɬɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɜɵɫɨɬɧɵɣ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ, ɩɪɨɟɤɬɧɵɟ 
ɪɟɲɟɧɢɹ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɪɟɫɭɪɫɵ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ, ɫɬɨɢɦɨɫɬɶ 
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Abstract. Purpose. The formation of the many ways the construction of high-rise multipurpose complexes. 

Methodology. The formation of system implementation variants of creation and functioning of high-rise multipurpose 

complexes using combinatorial morphological analysis and synthesis. Findings. Many life cycle options of high-rise 

multipurpose complexes. Originality. The developed method of formation of organizational and technological solutions 

adapted to the conditions of the construction of high-rise multipurpose complexes, which provides the opportunity for 

multi-variant conditions, taking into account regulatory requirements for fire safety, insolation of buildings and 

premises, protection against noise and vibration, energy efficiency, infrastructure and population density of a residential 

district with a full range of institutions and enterprises of local significance, within existing resource constraints, to 

ensure the commissioning of objects with specified technical and economic characteristics. Practical value. The 

proposed model and the methodology allow to determine a rational variant of high-rise building according to specified 

criteria and constraints. 

Keywords: high-rise construction, high-rise mixed use complex, design decisions, organizational and 

technological decisions, resources, duration, cost 
 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɍ ɜɟɥɢɤɢɯ 
ɦɿɫɬɚɯ ɭɫɟ ɚɤɬɢɜɧɿɲɟ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɪɨɰɟɫ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɿ ɫɩɨɪɭɞɠɟɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɭɞɢɧɤɿɜ. ɐɹ ɬɟɧɞɟɧɰɿɹ ɪɨɡɜɢɬɤɭ ɦɿɫɶɤɨɝɨ 
ɫɟɪɟɞɨɜɢɳɚ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɜ ɪɿɡɧɢɯ ɤɪɚʀɧɚɯ 
ɿ ɧɚ ɪɿɡɧɢɯ ɤɨɧɬɢɧɟɧɬɚɯ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ 
ɜɥɚɫɬɢɜɿ ɬɚɤɢɦ ɨɛ’єɤɬɚɦ ɫɤɥɚɞɧɿ 
ɚɪɯɿɬɟɤɬɭɪɧɿ, ɨɛ’єɦɧɨ-ɩɥɚɧɭɜɚɥɶɧɿ, 
ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɣ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɿ 
ɪɿɲɟɧɧɹ, ɳɨ ɡɭɦɨɜɥɟɧɨ ɧɟɞɨɫɬɚɬɧɿɫɬɸ 
ɬɟɪɢɬɨɪɿɚɥɶɧɢɯ ɪɟɫɭɪɫɿɜ ɜɟɥɢɤɢɯ ɦɿɫɬ ɞɥɹ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ʀɯ ɮɭɧɤɰɿɣ, ɞɟɮɿɰɢɬɨɦ ɜɿɥɶɧɢɯ 
ɡɟɦɟɥɶɧɢɯ ɞɿɥɹɧɨɤ ɬɚ ʀɯ ɜɢɫɨɤɨɸ ɜɚɪɬɿɫɬɸ, 
ɩɿɞɜɢɳɟɧɧɹɦ ɩɨɩɢɬɭ ɧɚ ɩɿɞɡɟɦɧɿ ɩɥɨɳɿ ɞɥɹ 
ɩɚɪɤɿɧɝɿɜ, ɿ, ɹɤ ɧɚɫɥɿɞɨɤ, ɧɟɨɛɯɿɞɧɿɫɬɸ 
ɧɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɬɟɪɢɬɨɪɿɣ ɬɚ ɿɧɜɟɫɬɢɰɿɣ, ɩɿɞɜɢɳɟɧɧɹɦ 
ɫɩɨɠɢɜɱɢɯ ɜɢɦɨɝ ɞɨ ɹɤɨɫɬɿ, ɤɨɦɮɨɪɬɭ ɿ 
ɛɟɡɩɟɤɢ ɛɭɞɿɜɟɥɶ. 

ɋɭɱɚɫɧɿ ɜɢɫɨɬɧɿ ɛɭɞɿɜɥɿ ɜɿɞɪɿɡɧɹɸɬɶɫɹ 
ɜɿɞ ɭɠɟ ɿɫɧɭɸɱɢɯ ɩɨɜɟɪɯɨɜɿɫɬɸ, ɮɭɧɤɰɿɹɦɢ, 
ɜɢɦɨɝɚɦɢ ɳɨɞɨ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ, 
ɤɨɧɫɬɪɭɤɬɢɜɧɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɦɚɬɟɪɿɚɥɨɦ 
ɤɨɧɫɬɪɭɤɰɿɣ ɬɚ ɬɟɯɧɨɥɨɝɿɹɦɢ ɡɜɟɞɟɧɧɹ. 
Ɉɤɪɿɦ ɬɨɝɨ, ɞɨɜɝɨɜɿɱɧɿɫɬɶ, ɤɨɦɮɨɪɬɧɿɫɬɶ, 
ɟɤɨɧɨɦɿɱɧɿɫɬɶ ɜɢɫɨɬɧɢɯ ɛɭɞɿɜɟɥɶ ɛɚɝɚɬɨ ɜ 
ɱɨɦɭ ɡɭɦɨɜɥɟɧɿ ɪɿɜɧɟɦ ɪɨɡɜɢɬɤɭ 
ɿɧɜɟɫɬɢɰɿɣɧɨ-ɛɭɞɿɜɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ, 

ɫɬɭɩɟɧɟɦ ɚɤɬɢɜɧɨɫɬɿ ɞɟɪɠɚɜɧɨʀ ɩɨɥɿɬɢɤɢ, 
ɫɩɪɹɦɨɜɚɧɨʀ ɧɚ ɮɨɪɦɭɜɚɧɧɹ ɭɹɜɥɟɧɧɹ ɩɪɨ 
ɧɨɜɢɣ, ɛɿɥɶɲ ɞɨɜɟɪɲɟɧɢɣ ɪɿɜɟɧɶ ɠɢɬɥɚ. 
əɤɳɨ ɡɜɟɞɟɧɧɹ ɛɚɝɚɬɨɩɨɜɟɪɯɨɜɢɯ ɰɢɜɿɥɶɧɢɯ 
ɛɭɞɿɜɟɥɶ ɹɜɥɹє ɫɨɛɨɸ ɞɨɫɬɚɬɧɶɨ 
ɜɿɞɩɪɚɰɶɨɜɚɧɢɣ ɩɪɨɰɟɫ, ɬɨ ɫɤɥɚɞɧɿɫɬɶ ɿ 
ɜɿɞɩɨɜɿɞɚɥɶɧɿɫɬɶ ɜɢɫɨɬɧɢɯ ɛɭɞɿɜɟɥɶ 
ɩɨɬɪɟɛɭɸɬɶ ɪɨɡɪɨɛɥɟɧɧɹ ɫɩɟɰɿɚɥɶɧɢɯ 
ɩɪɨɟɤɬɿɜ (ɩɪɨɟɤɬɿɜ ɟɤɫɩɥɭɚɬɚɰɿʀ). ɉɪɨɛɥɟɦɚ 
ɜɢɛɨɪɭ ɪɚɰɿɨɧɚɥɶɧɨʀ ɪɟɫɭɪɫɨɡɛɟɪɿɝɚɥɶɧɨʀ 
ɬɟɯɧɨɥɨɝɿʀ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɨʀ ɛɭɞɿɜɥɿ ɜ ɬɨɦɭ 
ɚɛɨ ɿɧɲɨɦɭ ɫɬɭɩɟɧɿ є ɚɤɬɭɚɥɶɧɨɸ ɞɥɹ ɜɫɿɯ 
ɭɱɚɫɧɢɤɿɜ (ɡɚɦɨɜɧɢɤ, ɿɧɜɟɫɬɨɪ, 
ɩɪɨɟɤɬɭɜɚɥɶɧɢɤ, ɩɿɞɪɹɞɧɢɤ) ɿɧɜɟɫɬɢɰɿɣɧɨ-

ɛɭɞɿɜɟɥɶɧɨɝɨ ɩɪɨɟɤɬɭ. ɐɿ ɨɫɨɛɥɢɜɨɫɬɿ, 
ɨɱɟɜɢɞɧɨ, ɫɭɬɬєɜɨ ɜɩɥɢɜɚɬɢɦɭɬɶ ɧɚ 
ɬɪɢɜɚɥɿɫɬɶ ɿ ɜɚɪɬɿɫɬɶ ɜɢɫɨɬɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ 

[1–14]. 

Ɉɞɧɚɤ ɿ ɞɨɫɿ ɧɟɦɚє ɞɨɫɬɚɬɧɶɨɝɨ 
ɧɚɭɤɨɜɨɝɨ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɩɪɢɧɰɢɩɿɜ 
ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɤɨɦɩɥɟɤɫɿɜ ɜ ɭɦɨɜɚɯ ɭɳɿɥɶɧɟɧɨʀ ɦɿɫɶɤɨʀ 
ɡɚɛɭɞɨɜɢ. Ɍɚɤɨɠ ɩɨɬɪɟɛɭɸɬɶ ɩɨɞɚɥɶɲɨɝɨ 
ɪɨɡɜɢɬɤɭ ɦɟɬɨɞɢ ɮɨɪɦɭɜɚɧɧɹ, ɨɰɿɧɤɢ, 
ɨɛґɪɭɧɬɭɜɚɧɧɹ ɬɚ ɜɢɛɨɪɭ ɪɚɰɿɨɧɚɥɶɧɢɯ 
ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ 
ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɤɨɦɩɥɟɤɫɿɜ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɦɿɧɿɦɿɡɭɜɚɬɢ 
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ɜɢɬɪɚɬɢ ɪɟɫɭɪɫɿɜ ɬɚ ɡɚɛɟɡɩɟɱɢɬɢ ɹɤɿɫɬɶ 
ɝɨɬɨɜɨʀ ɛɭɞɿɜɟɥɶɧɨʀ ɩɪɨɞɭɤɰɿʀ ɜɿɞɩɨɜɿɞɧɨ ɞɨ 
ɱɢɧɧɢɯ ɧɨɪɦɚɬɢɜɧɢɯ ɜɢɦɨɝ. 

Ɉɬɠɟ, ɪɨɡɜɢɬɨɤ ɦɟɬɨɞɨɥɨɝɿɱɧɢɯ 
ɩɪɢɧɰɢɩɿɜ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-

ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ ɜ ɭɦɨɜɚɯ 
ɭɳɿɥɶɧɟɧɨʀ ɦɿɫɶɤɨʀ ɡɚɛɭɞɨɜɢ – ɰɟ ɚɤɬɭɚɥɶɧɚ, 
ɧɚɭɤɨɜɨ-ɩɪɢɤɥɚɞɧɚ ɩɪɨɛɥɟɦɚ. 

Ⱥɧɚɥіɡ ɞɨɫɥіɞɠɟɧɶ ɬɚ ɩɭɛɥіɤɚɰіɣ. 

Ɇɟɬɨɞɚɦ ɜɢɡɧɚɱɟɧɧɹ ɬɪɢɜɚɥɨɫɬɿ ɪɟɚɥɿɡɚɰɿʀ 
ɛɭɞɿɜɟɥɶɧɢɯ ɩɪɨɟɤɬɿɜ ɬɚ ɜɚɪɬɨɫɬɿ ɝɨɬɨɜɨʀ 
ɛɭɞɿɜɟɥɶɧɨʀ ɩɪɨɞɭɤɰɿʀ ɩɪɢɞɿɥɹєɬɶɫɹ 
ɨɫɨɛɥɢɜɚ ɭɜɚɝɚ, ɹɤ ɩɿɞ ɱɚɫ ɮɨɪɦɭɜɚɧɧɹ 
ɞɨɝɨɜɿɪɧɨʀ ɰɿɧɢ, ɬɚɤ ɿ ɧɚ ɪɿɡɧɢɯ ɟɬɚɩɚɯ 
ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ, 
ɨɫɤɿɥɶɤɢ ɜɪɚɯɭɜɚɧɧɹ ɣɦɨɜɿɪɧɿɫɧɨɝɨ 
ɯɚɪɚɤɬɟɪɭ ɜɩɥɢɜɭ ɜɢɡɧɚɱɚɥɶɧɢɯ 
ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɬɚ ɿɧɲɢɯ 
ɮɚɤɬɨɪɿɜ ɞɥɹ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɬɟɯɧɿɤɨ-

ɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɪɨɟɤɬɿɜ ɞɨɡɜɨɥɹє 
ɩɿɞɜɢɳɢɬɢ ɞɨɫɬɨɜɿɪɧɿɫɬɶ, ɧɚɞɿɣɧɿɫɬɶ 
ɩɪɢɣɧɹɬɢɯ ɪɿɲɟɧɶ ɿ ɡɚɛɟɡɩɟɱɢɬɢ ʀɯ ɮɿɡɢɱɧɭ 
ɬɚ ɮɿɧɚɧɫɨɜɭ ɪɟɚɥɿɡɨɜɚɧɿɫɬɶ. Ⱥɤɬɭɚɥɶɧɿɫɬɶ 
ɬɚɤɢɯ ɞɨɫɥɿɞɠɟɧɶ ɡɭɦɨɜɥɟɧɚ ɧɚɹɜɧɿɫɬɸ 
ɫɭɬɬєɜɢɯ ɜɿɞɯɢɥɟɧɶ ɮɚɤɬɢɱɧɢɯ ɡɧɚɱɟɧɶ 
ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ 
ɛɭɞɿɜɟɥɶɧɢɯ ɩɪɨɟɤɬɿɜ ɜɿɞ ʀɯ ɡɚɩɥɚɧɨɜɚɧɢɯ 
ɡɧɚɱɟɧɶ. ɇɚɹɜɧɿɫɬɶ ɬɚɤɢɯ ɜɿɞɯɢɥɟɧɶ 
ɩɨɜ’ɹɡɚɧɚ ɡ ɧɟɚɞɟɤɜɚɬɧɢɦɢ, ɧɟɨɛґɪɭɧɬɨɜɚɧɨ 
ɨɩɬɢɦɿɫɬɢɱɧɢɦɢ ɨɰɿɧɤɚɦɢ ɬɪɢɜɚɥɨɫɬɿ ɬɚ 
ɜɚɪɬɨɫɬɿ ɱɟɪɟɡ ɧɟɩɪɚɜɢɥɶɧɟ ɜɢɡɧɚɱɟɧɧɹ 
ɨɛɫɹɝɿɜ ɪɨɛɿɬ; ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɩɟɪɟɜɚɠɧɨ 
ɞɟɬɟɪɦɿɧɨɜɚɧɢɯ, ɫɬɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ 
ɜɢɤɨɧɚɧɧɹ ɪɨɛɿɬ, ɳɨ ɧɟ ɜɪɚɯɨɜɭɸɬɶ 
ɦɨɠɥɢɜɿɫɬɶ ʀɯ ɤɨɪɢɝɭɜɚɧɧɹ ɭ ɜɢɩɚɞɤɭ ɡɦɿɧɢ 
ɭɦɨɜ ɜɢɪɨɛɧɢɰɬɜɚ; ɬɪɚɞɢɰɿɣɧɨ ɿɡɨɥɶɨɜɚɧɢɦ 
ɪɨɡɝɥɹɞɨɦ ɬɚɤɢɯ ɩɨɤɚɡɧɢɤɿɜ ɹɤ ɱɚɫ, ɪɟɫɭɪɫɢ ɿ 
ɜɚɪɬɿɫɬɶ, ɳɨ ɧɟ ɞɨɡɜɨɥɹє ɡɚɛɟɡɩɟɱɢɬɢ 
ɧɟɨɛɯɿɞɧɢɣ ɫɬɭɩɿɧɶ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɮɚɤɬɢɱɧɢɯ 
ɡɧɚɱɟɧɶ ɡɚɩɥɚɧɨɜɚɧɢɦ. 

Ⱦɨ ɨɫɧɨɜɨɩɨɥɨɠɧɢɯ ɩɪɚɰɶ ɭ ɝɚɥɭɡɿ 
ɞɨɫɥɿɞɠɟɧɧɹ, ɜɞɨɫɤɨɧɚɥɟɧɧɹ, ɬɟɨɪɟɬɢɱɧɨɝɨ, 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɚ ɬɟɯɧɿɤɨ-

ɟɤɨɧɨɦɿɱɧɨɝɨ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɢɯ 
ɩɪɨɰɟɫɿɜ, ɦɟɬɨɞɿɜ ɿ ɮɨɪɦ ɨɪɝɚɧɿɡɚɰɿʀ 
ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɣɨɝɨ ɜɢɪɨɛɧɢɱɨʀ ɛɚɡɢ 
ɧɚɥɟɠɚɬɶ ɩɪɚɰɿ ɋ. ɋ. Ⱥɬɚєɜɚ, Ⱥ. Ⱥ. Ⱥɮɚ-

ɧɚɫɶєɜɚ, ɋ. Ɇ. Ȼɭɥɝɚɤɨɜɚ, Ɉ. Ⱥ. Ƚɭɫɚɤɨɜɚ, 
ȿ. Ʉ. Ɂɚɜɚɞɫɤɚɫɚ, ɘ. Ȼ. Ɇɨɧɮɪɟɞɚ, 

Ɍ. Ɇ. ɐɚɹ, ɉ. ɉ. Ɉɥɿɣɧɢɤɚ, ȼ. І. Ɍɨɪɤɚɬɸɤɚ, 
Ɋ. Ȼ. Ɍɹɧɚ, ɋ. Ⱥ. ɍɲɚɰɶɤɨɝɨ, Ɋ. І. Ɏɨɤɨɜɚ, 
Ⱥ. Ʉ. ɒɪɟɣɛɟɪɚ ɬɚ ɿɧɲɢɯ. 

Ɋɨɡɪɨɛɥɟɧɿ ɬɟɨɪɿʀ ɨɞɟɪɠɚɥɢ ɩɨɞɚɥɶɲɢɣ 
ɪɨɡɜɢɬɨɤ ɭ ɧɚɭɤɨɜɢɯ ɩɪɚɰɹɯ ʀɯ 
ɩɨɫɥɿɞɨɜɧɢɤɿɜ: Ⱥ. І. Ȼɿɥɨɤɨɧɹ, Ʉ. Ȼ. Ƚɚɧɿєɜɚ, 
Ⱦ. Ɏ. Ƚɨɧɱɚɪɟɧɤɚ, ȼ. Ⱥ. Ⱦɚɜɢɞɨɜɚ, ȼ. Ɇ. Ʉɿɪ-

ɧɨɫɚ, Ɉ. Ɇ. Ʌɿɜɿɧɫɶɤɨɝɨ, Ɉ. І. Ɇɟɧɟɣɥɸɤɚ, 
І. Ⱦ. ɉɚɜɥɨɜɚ, Ʉ. Ⱥ. ɒɪɟɣɛɟɪɚ ɬɚ ɿɧɲɢɯ 
ɭɱɟɧɢɯ. 

ȼ ɨɫɬɚɧɧɿ ɞɟɫɹɬɢɥɿɬɬɹ ɨɞɟɪɠɚɥɢ 
ɪɨɡɜɢɬɨɤ ɞɨɫɥɿɞɠɟɧɧɹ, ɩɪɢɫɜɹɱɟɧɿ ɧɚɭɤɨɜɢɦ 
ɨɫɧɨɜɚɦ ɫɬɜɨɪɟɧɧɹ ɬɚ ɜɞɨɫɤɨɧɚɥɟɧɧɹ 
ɬɟɯɧɨɥɨɝɿʀ ɣ ɨɪɝɚɧɿɡɚɰɿʀ ɛɭɞɿɜɟɥɶɧɨ-

ɦɨɧɬɚɠɧɢɯ ɩɪɨɰɟɫɿɜ, ɩɨɜ’ɹɡɚɧɢɯ ɿɡ 
ɡɜɟɞɟɧɧɹɦ, ɪɟɤɨɧɫɬɪɭɤɰɿєɸ, ɪɟɫɬɚɜɪɚɰɿєɸ, 
ɪɟɦɨɧɬɨɦ ɛɭɞɢɧɤɿɜ, ɫɩɨɪɭɞ ɿ ɤɨɦɩɥɟɤɫɿɜ, 
ɡɨɤɪɟɦɚ ɜ ɨɫɨɛɥɢɜɢɯ ɭɦɨɜɚɯ; ɨɪɝɚɧɿɡɚɰɿɣɧɢɦ 
ɫɬɪɭɤɬɭɪɚɦ, ɮɨɪɦɚɦ ɣ ɦɟɬɨɞɚɦ ɭɩɪɚɜɥɿɧɧɹ 
ɩɿɞɩɪɢєɦɫɬɜɚɦɢ ɛɭɞɿɜɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɬɚ 
ɣɨɝɨ ɦɚɬɟɪɿɚɥɶɧɨ-ɬɟɯɧɿɱɧɨʀ ɛɚɡɢ; 
ɪɨɡɪɨɛɥɟɧɧɸ ɧɚɭɤɨɜɢɯ, ɬɟɨɪɟɬɢɱɧɢɯ ɨɫɧɨɜ 
ɤɨɦɩɥɟɤɫɧɨʀ ɦɟɯɚɧɿɡɚɰɿʀ ɬɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ 
ɛɭɞɿɜɟɥɶɧɢɯ ɩɪɨɰɟɫɿɜ. Ⱦɨ ɬɚɤɢɯ ɧɚɥɟɠɚɬɶ 
ɩɪɚɰɿ Є. ɘ. Ⱥɧɬɢɩɟɧɤɚ, ȼ. Ɉ. Ƚɚɥɭɲɤɨ, 
ȼ. І. Ⱦɨɧɟɧɤɚ, Ⱥ. Ⱦ. Єɫɢɩɟɧɤɨ, Ɍ. ɋ. Ʉɪɚɜɱɭ-

ɧɨɜɫɶɤɨʀ, ȼ. Ɋ. Ɇɥɨɞɟɰɶɤɨɝɨ, Ɉ. Ɏ. Ɉɫɢɩɨɜɚ, 
ȼ. Ɉ. ɉɨɤɨɥɟɧɤɚ, Ɉ. Ɇ. ɉɲɿɧɶɤɚ, Ⱥ. ȼ. Ɋɚɞ-

ɤɟɜɢɱɚ, ȼ. ȼ. ɋɚɜɣɨɜɫɶɤɨɝɨ, І. Ⱥ. ɋɨɤɨɥɨɜɚ, 
ȼ. Ƚ. ɋɨɯɢ, Ƚ. Ɇ. Ɍɨɧɤɚɱɟєɜɚ, Ɉ. Ⱥ. Ɍɭɝɚɹ, 
ȼ. Ɍ. ɒɚɥɟɧɧɨɝɨ, ɋ. ȼ. ɒɚɬɨɜɚ, Ʉ. Ⱥ. ɒɪɟɣ-

ɛɟɪɚ, І. ȼ. ɒɭɦɚɤɨɜɚ, Ʌ. Ɇ. ɒɭɬɟɧɤɚ ɬɚ 
ɿɧɲɢɯ ɞɨɫɥɿɞɧɢɤɿɜ. 

ȼɢɞɚєɬɶɫɹ ɦɨɠɥɢɜɢɦ ɩɨɲɢɪɟɧɧɹ 
ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɤɨɧɰɟɩɰɿɣ ɿ ɧɚ ɞɨɫɥɿɞɠɟɧɧɹ 
ɩɨɤɚɡɧɢɤɿɜ ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-

ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ ɩɪɨɬɹɝɨɦ 
ʀɯ ɠɢɬɬєɜɨɝɨ ɰɢɤɥɭ Д1–14]. 

Ɇɟɬɚ ɫɬɚɬɬі. Ɇɟɬɨɸ ɫɬɚɬɬɿ є 
ɮɨɪɦɭɜɚɧɧɹ ɦɧɨɠɢɧɢ ɫɩɨɫɨɛɿɜ ɡɜɟɞɟɧɧɹ 
ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 

ɧɚ ɨɫɧɨɜɿ ɤɨɦɛɿɧɚɬɨɪɧɨ-ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ 
ɚɧɚɥɿɡɭ ɿ ɫɢɧɬɟɡɭ. 

ȼɢɤɥɚɞ ɦɚɬɟɪіɚɥɭ. Ⱦɥɹ ɮɨɪɦɭɜɚɧɧɹ 
ɜɚɪɿɚɧɬɿɜ ɩɪɨɟɤɬɧɢɯ ɿ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-

ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 
ɧɟɨɛɯɿɞɧɨ ɡɞɿɣɫɧɢɬɢ ɮɨɪɦɭɜɚɧɧɹ ɦɧɨɠɢɧɢ 
ɦɨɠɥɢɜɢɯ ɫɩɨɫɨɛɿɜ ɜɢɫɨɬɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɡ 
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ɩɨɞɚɥɶɲɨɸ ɮɨɪɦɚɥɿɡɚɰɿєɸ ɨɩɢɫɭ 
ɤɚɩɿɬɚɥɶɧɢɯ ɜɤɥɚɞɟɧɶ ɡɚ ɤɨɠɧɢɦ ɿɡ ɜɚɪɿɚɧɬɿɜ. 

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɩɢɬɚɧɧɹ ɮɨɪɦɭɜɚɧɧɹ 
ɦɧɨɠɢɧɢ ɜɫɿɯ ɦɨɠɥɢɜɢɯ ɜɚɪɿɚɧɬɿɜ 
ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ 
ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɤɨɦɩɥɟɤɫɿɜ — ɜɿɞ ɜɢɛɨɪɭ ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ 
ɬɚ ɜɿɞɩɪɚɰɸɜɚɧɧɹ ʀɯ ɧɚ ɬɟɯɧɨɥɨɝɿɱɧɿɫɬɶ ɞɨ 
ɨɛґɪɭɧɬɭɜɚɧɧɹ ɩɪɢɣɧɹɬɢɯ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-

ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɿɲɟɧɶ ɡɚ ɤɪɢɬɟɪɿєɦ 
ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡɚɞɚɧɢɦ ɤɨɧɤɪɟɬɧɢɦ ɭɦɨɜɚɦ 
ɜɢɪɨɛɧɢɰɬɜɚ ɪɨɛɿɬ — ɞɨɰɿɥɶɧɨ ɡɚɫɬɨɫɭɜɚɬɢ 
ɦɟɬɨɞɢ ɤɨɦɛɿɧɚɬɨɪɧɨ-ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ 
ɚɧɚɥɿɡɭ ɿ ɫɢɧɬɟɡɭ, ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɩɨɲɭɤɭ 
ɪɿɲɟɧɶ ɧɚ ɨɫɧɨɜɿ ɪɨɡɩɨɞɿɥɭ ɞɨɫɥɿɞɠɭɜɚɧɨʀ 

ɫɢɫɬɟɦɢ ɧɚ ɩɿɞɫɢɫɬɟɦɢ ɿ ɟɥɟɦɟɧɬɢ, 
ɮɨɪɦɭɜɚɧɧɹ ɩɿɞɦɧɨɠɢɧ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ 
ɜɚɪɿɚɧɬɿɜ ɪɟɚɥɿɡɚɰɿʀ ɤɨɠɧɨʀ ɩɿɞɫɢɫɬɟɦɢ, 
ɤɨɦɛɿɧɭɜɚɧɧɹ ɪɿɡɧɢɯ ɜɚɪɿɚɧɬɿɜ ɜɢɪɿɲɟɧɧɹ 
ɫɢɫɬɟɦɢ ɡ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɜɚɪɿɚɧɬɿɜ 
ɪɟɚɥɿɡɚɰɿʀ ɩɿɞɫɢɫɬɟɦ, ɜɢɛɨɪɭ ɧɚɣɤɪɚɳɢɯ 
ɜɚɪɿɚɧɬɿɜ ɜɢɤɨɧɚɧɧɹ ɡɚɜɞɚɧɧɹ ɫɢɫɬɟɦɢ. 

ɋɢɫɬɟɦɚ ɫɬɜɨɪɟɧɧɹ ɿ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ 
ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 
ɦɨɠɟ ɛɭɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɿɞɫɢɫɬɟɦɨɸ 
ɩɪɨɟɤɬɭɜɚɧɧɹ, ɩɿɞɫɢɫɬɟɦɨɸ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ 
ɩɿɞɫɢɫɬɟɦɨɸ ɟɤɫɩɥɭɚɬɚɰɿʀ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ 
ɤɨɠɧɿɣ ɩɿɞɫɢɫɬɟɦɿ ɨɡɧɚɤɚɦɢ ɬɚ ɦɨɠɥɢɜɢɦɢ 
ɫɩɨɫɨɛɚɦɢ ʀɯ ɪɟɚɥɿɡɚɰɿʀ (ɬɚɛɥ. 1). 

Ɍ ɚ ɛ ɥ ɢ ɰ ɹ  1  

Вɚɪɿɚɧɬɢ ɪɟɚɥɿɡɚɰɿʀ ɫɢɫɬɟɦɢ ɫɬɜɨɪɟɧɧɹ ɿ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɜɢɫɨɬɧɢɯ  
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 

ɉɿɞɫɢ
ɫɬɟɦɢ 

Ɉɡɧɚɤɢ (ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ) Ⱥɥɶɬɟɪɧɚɬɢɜɢ ɪɟɚɥɿɡɚɰɿʀ ɨɡɧɚɤ ɩɿɞɫɢɫɬɟɦ 
Ʉɿɥɶ-ɤɿɫɬɶ 
ɫɩɨɫɨɛɿɜ 

1 2 3 4 

ɉ
ɪɨ

ɟɤ
ɬɭ

ɜɚ
ɧɧ

ɹ 

Ƚɿɞɪɨɝɟɨɥɨɝɿɱɧɿ ɭɦɨɜɢ 

ȼɿɞɫɭɬɧɿɫɬɶ ґɪɭɧɬɨɜɢɯ ɜɨɞ ( 11d ) 

1D  ȼɿɞɤɪɢɬɢɣ ɜɨɞɨɜɿɞɥɢɜ ( 12d ) 

Ɂɧɢɠɟɧɧɹ ɪɿɜɧɹ ґɪɭɧɬɨɜɢɯ ɜɨɞ ( 13d ) 

Ɍɢɩ ɮɭɧɞɚɦɟɧɬɭ 

ɉɚɥɶɨɜɿ ɮɭɧɞɚɦɟɧɬɢ ( 21d ) 

2D  

Ƚɥɢɛɨɤɿ ɨɩɨɪɢ ɜɢɫɨɤɨʀ ɧɨɫɿɣɧɨʀ ɡɞɚɬɧɨɫɬɿ (ɬɢɩɭ «ɛɚɪɟɬ») ( 22d ) 

ɉɥɢɬɧɿ ɮɭɧɞɚɦɟɧɬɢ, ɜ ɬɨɦɭ ɱɢɫɥɿ ɩɿɞɜɢɳɟɧɨʀ ɠɨɪɫɬɤɨɫɬɿ 
(ɤɨɪɨɛɱɚɫɬɿ) ( 23d ) 

Ʉɨɦɛɿɧɨɜɚɧɿ ɩɥɢɬɧɨ-ɩɚɥɶɨɜɿ ɮɭɧɞɚɦɟɧɬɢ ( 24d ) 

Ƚɥɢɛɢɧɚ ɡɚɤɥɚɞɚɧɧɹ 
ɮɭɧɞɚɦɟɧɬɭ 

Ⱦɨ 10,0 ɦ ( 31d ) 

3D  ȼɿɞ 10,0 ɦ ɞɨ 20,0 ɦ ( 32d ) 

ȼɿɞ 20,0 ɦ ɞɨ 30,0 ɦ ( 33d ) 

ɉ
ɪɨ

ɟɤ
ɬɭ

ɜɚ
ɧɧ

ɹ 

 
ȼɿɞ 30,0 ɦ ɞɨ 40,0 ɦ ( 34d ) 

 
ɉɨɧɚɞ 40,0 ɦ ( 35d ) 

Ʉɨɧɫɬɪɭɤɬɢɜɧɚ ɫɢɫɬɟɦɚ 

Ʉɚɪɤɚɫɧɚ ɫɢɫɬɟɦɚ ɡ ɞɿɚɮɪɚɝɦɚɦɢ ɠɨɪɫɬɤɨɫɬɿ ( 41d ) 

4D  

Ɋɚɦɧɨ-ɤɚɪɤɚɫɧɚ ɫɢɫɬɟɦɚ ( 42d ) 

Ȼɟɡɤɚɪɤɚɫɧɚ ɫɢɫɬɟɦɚ ɡ ɩɟɪɟɯɪɟɫɧɨ-ɧɨɫɿɣɧɢɦɢ ɫɬɿɧɚɦɢ  
( 43d ) 

ɋɬɨɜɛɭɪɧɚ ɫɢɫɬɟɦɚ ( 44d ) 

Ʉɚɪɤɚɫɧɨ-ɫɬɨɜɛɭɪɧɚ ɫɢɫɬɟɦɚ ( 45d ) 

Ʉɨɪɨɛɱɚɫɬɚ (ɨɛɨɥɨɧɤɨɜɚ) ɫɢɫɬɟɦɚ ( 46d ) 

ɋɬɨɜɛɭɪɧɨ-ɤɨɪɨɛɱɚɫɬɚ ɫɢɫɬɟɦɚ ( 47d ) 

Ʉɿɥɶɤɿɫɬɶ ɬɟɯɧɿɱɧɢɯ 
ɩɨɜɟɪɯɿɜ 

1 ɬɟɯɧɿɱɧɢɣ ɩɨɜɟɪɯ ( 51d ) 

5D  2 ɬɟɯɧɿɱɧɿ ɩɨɜɟɪɯɢ ( 52d ) 

3 ɿ ɛɿɥɶɲɟ ɬɟɯɧɿɱɧɢɯ ɩɨɜɟɪɯɿɜ ( 53d ) 

Ɇɚɬɟɪɿɚɥ ɧɨɫɿɣɧɢɯ 
ɤɨɧɫɬɪɭɤɰɿɣ 

Ɇɨɧɨɥɿɬɧɢɣ ɡɚɥɿɡɨɛɟɬɨɧ ( 61d ) 

6D  ɋɬɚɥɟɡɚɥɿɡɨɛɟɬɨɧ ( 62d ) 

Ɇɟɬɚɥɟɜɿ ( 63d ) 
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ȿɧɟɪɝɨɟɮɟɤɬɢɜɧɿɫɬɶ 
Ʉɥɚɫ Ⱥ ( 71d ) 

7D  
Ʉɥɚɫ ȼ ( 72d ) 

Ʉɨɧɮɿɝɭɪɚɰɿɹ ɛɭɞɿɜɥɿ ɜ 
ɩɥɚɧɿ 

Ʉɨɥɨ ( 81d ) 

8D  

ȿɥɿɩɫ ( 82d ) 

Ʉɜɚɞɪɚɬ ( 83d ) 

Ɍɪɢɤɭɬɧɢɤ ( 84d ) 

ɉɪɹɦɨɤɭɬɧɢɤ ( 85d ) 

Ȼɚɝɚɬɨɤɭɬɧɢɤ ( 86d ) 

Ɉɛ’єɦɧɚ ɮɨɪɦɚ ɜ ɛɭɞɿɜɥɿ 

ɐɢɥɿɧɞɪɢɱɧɚ ( 91d ) 

9D  ɉɿɪɚɦɿɞɚɥɶɧɚ ( 92d ) 

ɉɪɢɡɦɚɬɢɱɧɚ ( 93d ) 

ȼɢɫɨɬɚ ɛɭɞɿɜɥɿ 

ȼɿɞ 73,5 ɦ ɞɨ 100,0 ɦ ( 101d ) 

10D  

ȼɿɞ 100,0 ɦ ɞɨ 200,0 ɦ ( 102d ) 

ȼɿɞ 200,0 ɦ ɞɨ 300,0 ɦ ( 103d ) 

ȼɿɞ 300,0 ɦ ɞɨ 400,0 ɦ ( 104d ) 

ɉɨɧɚɞ 400,0 ɦ ( 105d ) 

Ȼɭ
ɞɿ

ɜɧ
ɢɰ

ɬɜ
ɨ 

ɇɚɫɢɱɟɧɿɫɬɶ ɬɟɪɢɬɨɪɿʀ 
ɿɧɠɟɧɟɪɧɢɦɢ 

ɤɨɦɭɧɿɤɚɰɿɹɦɢ ɬɚ ɭɦɨɜɢ ʀɯ 
ɟɤɫɩɥɭɚɬɚɰɿʀ 

Ɇɚɥɚ ɤɿɥɶɤɿɫɬɶ ɿɧɠɟɧɟɪɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣ, ɹɤɿ ɧɟ ɩɨɬɪɟɛɭɸɬɶ ʀɯ 
ɡɚɯɢɫɬɭ ɱɢ ɩɟɪɟɧɟɫɟɧɧɹ (ɩɟɪɟɤɥɚɞɚɧɧɹ) ɜ ɩɪɨɰɟɫɿ ɛɭɞɿɜɧɢɰɬɜɚ  

( 11b ) 

1B  

Ɋɿɜɧɨɸ ɦɿɪɨɸ є ɿɧɠɟɧɟɪɧɿ ɤɨɦɭɧɿɤɚɰɿʀ, ɹɤɿ ɹɤ ɟɤɫɩɥɭɚɬɭɸɬɶɫɹ ɜ 
ɩɪɨɰɟɫɿ ɛɭɞɿɜɧɢɰɬɜɚ, ɬɚɤ ɿ ɩɨɬɪɟɛɭɸɬɶ ʀɯ ɡɚɯɢɫɬɭ ɱɢ ɩɟɪɟɧɟɫɟɧɧɹ 

(ɩɟɪɟɤɥɚɞɚɧɧɹ) ɧɟɡɧɚɱɧɨɸ ɦɿɪɨɸ ( 12b ) 

ɇɚɹɜɧɿɫɬɶ ɜɟɥɢɤɨʀ ɤɿɥɶɤɨɫɬɿ ɿɧɠɟɧɟɪɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣ, ɹɤɿ 
ɟɤɫɩɥɭɚɬɭɸɬɶɫɹ ɜ ɩɪɨɰɟɫɿ ɛɭɞɿɜɧɢɰɬɜɚ ɿ ɩɨɬɪɟɛɭɸɬɶ ʀɯ ɡɚɯɢɫɬɭ 

ɱɢ ɩɟɪɟɧɟɫɟɧɧɹ (ɩɟɪɟɤɥɚɞɚɧɧɹ) ( 13b ) 

Ȼɭ
ɞɿ

ɜɧ
ɢɰ

ɬɜ
ɨ 

ɋɩɨɫɨɛɢ ɜɥɚɲɬɭɜɚɧɧɹ 
ɤɨɬɥɨɜɚɧɭ ɬɚ ɡɜɟɞɟɧɧɹ 

ɛɭɞɿɜɥɿ 

ȼɿɞɤɪɢɬɢɣ ɫɩɨɫɿɛ ( 21b ) 

2B  

Ɂɚɤɪɢɬɢɣ ɫɩɨɫɿɛ ( 22b ) 

ɇɚɩɿɜɡɚɤɪɢɬɢɣ ɫɩɨɫɿɛ ( 23b ) 

Ɍɟɯɧɨɥɨɝɿɹ «top-down» ( 24b ) 

Ⱦɟɤɟɥɶɧɚ ɬɟɯɧɨɥɨɝɿɹ ( 25b ) 

ɋɩɨɫɿɛ ɡɚɤɪɿɩɥɟɧɧɹ ɫɬɿɧɨɤ 
ɤɨɬɥɨɜɚɧɭ 

Ɂɚɝɨɪɨɞɠɟɧɧɹ ɤɨɬɥɨɜɚɧɭ ɡ ɜɟɪɬɢɤɚɥɶɧɢɯ ɫɬɚɥɟɜɢɯ ɟɥɟɦɟɧɬɿɜ, 
ɡɚɧɭɪɸɜɚɧɢɯ ɭ ґɪɭɧɬ ɩɨ ɤɨɧɬɭɪɭ ɤɨɬɥɨɜɚɧɭ ( 31b ) 

3B  

ɒɩɭɧɬɨɜɟ ɡɚɤɪɿɩɥɟɧɧɹ ( 32b ) 

«ɋɬɿɧɚ ɜ ґɪɭɧɬɿ» ( 33b ) 

ȼɥɚɲɬɭɜɚɧɧɹ ɡɚɝɨɪɨɞɠɟɧɧɹ ɤɨɬɥɨɜɚɧɭ ɡ ɛɭɪɨɫɿɱɧɢɯ ɩɚɥɶ ( 34b ) 

ɋɬɪɭɦɢɧɧɚ ɬɟɯɧɨɥɨɝɿɹ (jet-grouting) ( 35b ) 

Ɉɩɚɥɭɛɧɿ ɫɢɫɬɟɦɢ 
Ɍɪɚɞɢɰɿɣɧɿ ɨɩɚɥɭɛɧɿ ɫɢɫɬɟɦɢ ( 41b ) 

4B  
ɋɩɟɰɿɚɥɶɧɿ ɨɩɚɥɭɛɧɿ ɫɢɫɬɟɦɢ ( 42b ) 

ɇɚɫɢɱɟɧɿɫɬɶ ɛɭɞɿɜɥɿ 
ɬɟɯɧɨɥɨɝɿɱɧɢɦ 
ɨɛɥɚɞɧɚɧɧɹɦ 

ɇɢɡɶɤɚ ( 51b ) 

5B  ɋɟɪɟɞɧɹ ( 52b ) 

ȼɢɫɨɤɚ ( 53b ) 

ɋɬɢɫɧɟɧɿɫɬɶ 

ɇɨɪɦɚɥɶɧɿ ɭɦɨɜɢ ( 61b ) 

6B  ɋɬɢɫɧɟɧɿ ɭɦɨɜɢ ( 62b ) 

Ɉɫɨɛɥɢɜɨ ɫɬɢɫɧɟɧɿ ɭɦɨɜɢ ( 63b ) 

ȿɤ
ɫɩ

ɥɭ
ɚɬ

ɚɰ
ɿɹ

 

Ɇɨɧɿɬɨɪɢɧɝ ɬɟɯɧɿɱɧɨɝɨ 
ɫɬɚɧɭ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ 
ɟɥɟɦɟɧɬɿɜ, ɿɧɠɟɧɟɪɧɢɯ 

ɫɢɫɬɟɦ, ɩɪɢɦɿɳɟɧɶ ɿ 

Ƚɟɨɥɨɝɨ-ɝɿɞɪɨɥɨɝɿɱɧɢɣ ɦɨɧɿɬɨɪɢɧɝ ( 11ɟ ) 

1E  Ɉɛ’єɤɬɧɢɣ ɦɨɧɿɬɨɪɢɧɝ ( 12ɟ ) 

ȿɤɨɥɨɝɨ-ɛɿɨɥɨɝɿɱɧɢɣ ɦɨɧɿɬɨɪɢɧɝ ( 13ɟ ) 
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ɩɪɢɥɟɝɥɨʀ ɬɟɪɢɬɨɪɿʀ 

Ɂɚɩɨɛɿɝɚɧɧɹ ɩɟɪɟɞɱɚɫɧɨɦɭ 
ɡɧɨɫɭ ɿ ɨɩɟɪɚɬɢɜɧɟ 

ɭɩɪɚɜɥɿɧɧɹ ɩɚɪɚɦɟɬɪɚɦɢ 
ɫɟɪɟɞɨɜɢɳɚ ɠɢɬɬɹ 

Ɍɟɯɧɿɱɧɟ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɿɧɠɟɧɟɪɧɢɯ ɦɟɪɟɠ ɿ ɨɛɥɚɞɧɚɧɧɹ 
ɜɢɫɨɬɧɨɝɨ ɛɭɞɢɧɤɭ ( 21ɟ ) 

2E  

Ɍɟɯɧɿɱɧɟ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɧɨɫɿɣɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ, ɩɨɤɪɿɜɥɿ ɿ 
ɮɚɫɚɞɿɜ ɜɢɫɨɬɧɨɝɨ ɛɭɞɢɧɤɭ ( 22ɟ ) 

Ɉɛɫɥɭɝɨɜɭɜɚɧɧɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɦɨɧɿɬɨɪɢɧɝɭ ɬɚ 
ɭɩɪɚɜɥɿɧɧɹ ɿɧɠɟɧɟɪɧɢɦɢ ɫɢɫɬɟɦɚɦɢ ɜɢɫɨɬɧɨɝɨ ɛɭɞɢɧɤɭ ( 23ɟ ) 

Ɉɛɫɥɭɝɨɜɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɫɜɿɬɥɨɦɚɪɤɭɜɚɧɧɹ ( 24ɟ ) 

ɍɫɭɧɟɧɧɹ (ɥɿɤɜɿɞɚɰɿɹ) 
ɮɿɡɢɱɧɨɝɨ ɿ ɦɨɪɚɥɶɧɨɝɨ 

ɡɧɨɫɭ 

Ʉɚɩɿɬɚɥɶɧɢɣ ɪɟɦɨɧɬ ɿɧɠɟɧɟɪɧɢɯ ɦɟɪɟɠ ɿ ɨɛɥɚɞɧɚɧɧɹ, ɧɨɫɿɣɧɢɯ 
ɤɨɧɫɬɪɭɤɰɿɣ, ɩɨɤɪɿɜɥɿ ɿ ɮɚɫɚɞɿɜ ɜɢɫɨɬɧɨɝɨ ɛɭɞɢɧɤɭ ( 31ɟ ) 

3E  
Ɋɟɤɨɧɫɬɪɭɤɰɿɹ ɿɧɠɟɧɟɪɧɢɯ ɦɟɪɟɠ ɿ ɨɛɥɚɞɧɚɧɧɹ, ɧɨɫɿɣɧɢɯ 
ɤɨɧɫɬɪɭɤɰɿɣ, ɩɨɤɪɿɜɥɿ ɿ ɮɚɫɚɞɿɜ ɜɢɫɨɬɧɨɝɨ ɛɭɞɢɧɤɭ ( 32ɟ ) 

 
Ɂɚɝɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ ɜɚɪɿɚɧɬɿɜ ɠɢɬɬєɜɨɝɨ 

ɰɢɤɥɭ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɤɨɦɩɥɟɤɫɿɜ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ: 

ebd
KKKN  , 

ɞɟ d
K  – ɤɿɥɶɤɿɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ 

ɜɚɪɿɚɧɬɿɜ ɩɪɨɟɤɬɭɜɚɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ; 

b
K  – ɤɿɥɶɤɿɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɜɚɪɿɚɧɬɿɜ 

ɛɭɞɿɜɧɢɰɬɜɚ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ; 

e
K  – ɤɿɥɶɤɿɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɜɚɪɿɚɧɬɿɜ 

ɟɤɫɩɥɭɚɬɚɰɿʀ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. 

Ʉɿɥɶɤɿɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɜɚɪɿɚɧɬɿɜ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 
ɜɢɡɧɚɱɚєɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ: 

uq

u

q
q

d
DDDDDK 


......2

1
1 , 

ɞɟ qD  – ɱɢɫɥɨ ɫɩɨɫɨɛɿɜ (ɚɥɶɬɟɪɧɚɬɢɜ) 
ɪɟɚɥɿɡɚɰɿʀ q -ʀ ɮɭɧɤɰɿʀ (ɨɡɧɚɤɢ) ɩɿɞɫɢɫɬɟɦɢ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ; 

u  – ɤɿɥɶɤɿɫɬɶ ɮɭɧɤɰɿɣ (ɨɡɧɚɤ) 
ɩɿɞɫɢɫɬɟɦɢ ɩɪɨɟɤɬɭɜɚɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. 

Ʉɿɥɶɤɿɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɜɚɪɿɚɧɬɿɜ 
ɛɭɞɿɜɧɢɰɬɜɚ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 
ɜɢɡɧɚɱɚєɬɶɫɹ ɜ ɬɚɤɢɣ ɫɩɨɫɿɛ: 





z

e
zee

b
BBBBBK

1
21 ...... , 

ɞɟ eB  – ɱɢɫɥɨ ɫɩɨɫɨɛɿɜ (ɚɥɶɬɟɪɧɚɬɢɜ) 
ɪɟɚɥɿɡɚɰɿʀ e -ʀ ɮɭɧɤɰɿʀ (ɨɡɧɚɤɢ) ɩɿɞɫɢɫɬɟɦɢ 
ɛɭɞɿɜɧɢɰɬɜɚ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨɮɭɧɤ-

ɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ; 

z  – ɤɿɥɶɤɿɫɬɶ ɮɭɧɤɰɿɣ (ɨɡɧɚɤ) 
ɩɿɞɫɢɫɬɟɦɢ ɛɭɞɿɜɧɢɰɬɜɚ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. 

Ʉɿɥɶɤɿɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɜɚɪɿɚɧɬɿɜ 
ɟɤɫɩɥɭɚɬɚɰɿʀ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 
ɪɨɡɪɚɯɨɜɭєɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ: 
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ɞɟ sE  – ɱɢɫɥɨ ɫɩɨɫɨɛɿɜ (ɚɥɶɬɟɪɧɚɬɢɜ) 
ɪɟɚɥɿɡɚɰɿʀ s -ʀ ɮɭɧɤɰɿʀ (ɨɡɧɚɤɢ) ɩɿɞɫɢɫɬɟɦɢ 
ɟɤɫɩɥɭɚɬɚɰɿʀ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ; 

y  – ɤɿɥɶɤɿɫɬɶ ɮɭɧɤɰɿɣ (ɨɡɧɚɤ) 
ɩɿɞɫɢɫɬɟɦɢ ɟɤɫɩɥɭɚɬɚɰɿʀ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. 

ȼɢɫɧɨɜɤɢ. Ⱦɥɹ ɜɢɪɿɲɟɧɹ ɡɚɜɞɚɧɧɹ 
ɮɨɪɦɭɜɚɧɧɹ ɦɧɨɠɢɧɢ ɜɫɿɯ ɦɨɠɥɢɜɢɯ 
ɜɚɪɿɚɧɬɿɜ ɪɿɲɟɧɶ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ — ɜɿɞ 
ɜɢɛɨɪɭ ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ ɬɚ ɜɿɞɩɪɚɰɸɜɚɧɧɹ 
ʀɯ ɧɚ ɬɟɯɧɨɥɨɝɿɱɧɿɫɬɶ ɞɨ ɨɛґɪɭɧɬɭɜɚɧɧɹ 
ɩɪɢɣɧɹɬɢɯ ɨɪɝɚɧɿɡɚɰɿɣɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ 
ɪɿɲɟɧɶ ɡɚ ɤɪɢɬɟɪɿєɦ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡɚɞɚɧɢɦ 
ɤɨɧɤɪɟɬɧɢɦ ɭɦɨɜɚɦ ɜɢɪɨɛɧɢɰɬɜɚ ɪɨɛɿɬ — 

ɞɨɰɿɥɶɧɨ ɡɚɫɬɨɫɭɜɚɬɢ ɦɟɬɨɞɢ ɤɨɦɛɿɧɚɬɨɪɧɨ-

ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɿ ɫɢɧɬɟɡɭ. 
Ɇɨɪɮɨɥɨɝɿɱɧɿ ɦɟɬɨɞɢ — ɩɨɬɭɠɧɢɣ ɚɩɚ-

ɪɚɬ ɞɨɫɥɿɞɠɟɧɧɹ, ɫɭɬɧɿɫɬɶ ɹɤɢɯ ɩɨɥɹɝɚє ɜ 
ɬɚɤɨɦɭ: ɫɩɨɱɚɬɤɭ ɜ ɪɟɡɭɥɶɬɚɬɿ ɦɨɪɮɨɥɨɝɿɱ-
ɧɨɝɨ ɚɧɚɥɿɡɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɩɪɨɫɬɿɪ ɩɨɲɭɤɭ, 
ɬɚɤ ɡɜɚɧɚ ɦɨɪɮɨɥɨɝɿɱɧɚ ɦɨɠɢɧɚ, ɹɤɚ 
ɨɛɨɜ’ɹɡɤɨɜɨ ɩɨɜɢɧɧɚ ɜɤɥɸɱɚɬɢ ɜ ɫɟɛɟ ɲɭɤɚ-
ɧɟ ɪɿɲɟɧɧɹ, ɚ ɩɨɬɿɦ ɡɜɭɠɭєɬɶɫɹ ɰɟɣ ɩɪɨɫɬɿɪ, 
ɡɞɿɣɫɧɸɸɱɢ ɩɨɲɭɤ ɰɶɨɝɨ ɪɿɲɟɧɧɹ, ɹɤɟ є 
ɟɥɟɦɟɧɬɨɦ ɦɨɪɮɨɥɨɝɿɱɧɨʀ ɦɧɨɠɢɧɢ. ɉɪɨɬɟ 
ɦɨɪɮɨɥɨɝɿɱɧɿ ɦɟɬɨɞɢ ɨɩɟɪɭɸɬɶ ɥɢɲɟ ɱɚɫɬɢ-
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ɧɨɸ ɡɧɚɧɶ ɩɪɟɞɦɟɬɧɨʀ ɨɛɥɚɫɬɿ, ɳɨ ɫɬɨɫɭєɬɶ-
ɫɹ ɦɨɪɮɨɥɨɝɿʀ. Ɍɨɦɭ ɜɨɧɢ ɦɚɸɬɶ ɛɭɬɢ ɞɨ-
ɩɨɜɧɟɧɿ ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɧɨɝɨ 
ɦɨɞɟɥɸɜɚɧɧɹ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɩɪɨɰɟɫɿɜ 
(ɨɛ’єɤɬɿɜ), ɚ ɬɚɤɨɠ ɦɟɬɨɞɚɦɢ ɿɧɠɟɧɟɪɿʀ 
ɡɧɚɧɶ. 

ɋɮɨɪɦɨɜɚɧɨ ɦɧɨɠɢɧɭ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ 
ɜɚɪɿɚɧɬɿɜ ɩɨɜɧɨɝɨ ɠɢɬɬєɜɨɝɨ ɰɢɤɥɭ ɜɢɫɨɬɧɢɯ 
ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ (ɩɪɨɟɤɬɭ-
ɜɚɧɧɹ, ɛɭɞɿɜɧɢɰɬɜɨ, ɟɤɫɩɥɭɚɬɚɰɿɹ) ɞɥɹ ɪɿɡ-

ɧɢɯ ɭɦɨɜ ʀɯ ɡɜɟɞɟɧɧɹ. 
ȼɢɪɿɲɟɧɧɹ ɩɢɬɚɧɧɹ ɜɢɛɨɪɭ ɪɚɰɿɨɧɚɥɶ-

ɧɨɝɨ ɜɚɪɿɚɧɬɚ ɡɜɟɞɟɧɧɹ ɜɢɫɨɬɧɢɯ ɛɚɝɚɬɨ-
ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ ɜ ɭɦɨɜɚɯ 
ɭɳɿɥɶɧɟɧɨʀ ɦɿɫɶɤɨʀ ɡɚɛɭɞɨɜɢ, ɮɨɪɦɚɥɿɡɚɰɿʀ 
ɨɩɢɫɭ ɡɚɝɚɥɶɧɨʀ ɜɚɪɬɨɫɬɿ ɛɭɞɿɜɧɢɰɬɜɚ, ɡɚ-
ɝɚɥɶɧɢɯ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɜɢɬɪɚɬ ɩɪɨɬɹɝɨɦ 
ɧɨɪɦɚɬɢɜɧɨɝɨ ɩɟɪɿɨɞɭ ɟɤɫɩɥɭɚɬɚɰɿʀ ɿ ɨɞɟɪ-
ɠɭɜɚɧɨʀ ɡɚɝɚɥɶɧɨʀ ɩɥɨɳɿ ɦɨɠɥɢɜɟ ɡɚ ɤɨɠɧɢɦ 
ɿɡ ɜɚɪɿɚɧɬɿɜ ɩɨɜɧɨɝɨ ɠɢɬɬєɜɨɝɨ ɰɢɤɥɭ. 
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ɄɊɂɋɌȺɅɅɈȽɊȺɎɂɑȿɋɄɂȿ ɋȼəɁɂ ɐȿɆȿɇɌɂɌ–ȺɍɋɌȿɇɂɌ–
ɎȿɊɊɂɌ ɉɊɂ ȾɂɎɎɍɁɂɈɇɇɈɆ ɊȺɋɉȺȾȿ ȺɍɋɌȿɇɂɌȺ 

ȻɈɅɖɒȺɄɈȼ ȼ. ɂ.1 , ɞ. ɬ. ɧ., ɩɪɨɮ., 
ɋɍɏɈɆɅɂɇ Ƚ. Ⱦ.2, ɞ. ɬ. ɧ., ɩɪɨɮ.,  
ɋɍɏɈɆɅɂɇ ȼ. ɂ.3*

, ɫ. ɧ. ɫ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (056) 745 23 72, О-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (0562) 47-02-62, e-mail: g_suhomlin@mail.ru, ORCID ID: 000-0001-5840-169X 
3 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɜɵɫɲɟɟ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ «ɉɪɢɞɧɟɩɪɨɜɫɤɚɹ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ», ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 24-ɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, 49005, ɍɤɪɚɢɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: alma31@mail.ru, ORCID ID: 0000-0002-3673-1353 

Ⱥɧɧɨɬɚɰɢɹ. ɉɪɨɜɟɞɟɧ ɩɨɢɫɤ ɧɨɜɵɯ, ɛɨɥɟɟ ɬɨɱɧɵɯ ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɢɱɟɫ-
ɤɢɦɢ ɪɟɲɺɬɤɚɦɢ ɜ ɩɟɪɥɢɬɧɵɯ ɢ ɛɟɣɧɢɬɧɵɯ ɩɪɨɞɭɤɬɚɯ ɪɚɫɩɚɞɚ ɚɭɫɬɟɧɢɬɚ. Ɇɟɬɨɞɢɤɚ. ɂɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ: 
ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɦɢɤɪɨɞɢɮɪɚɤɰɢɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɢ ɫɬɟɪɟɨɝɪɚɮɢɱɟ-
ɫɤɨɝɨ ɚɧɚɥɢɡɨɜ. Цɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ, ɪɚɫɱɟɬɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɭɫɬɚɧɨ-
ɜɢɬɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0,2 ɭɝɥɨɜɨɝɨ ɝɪɚɞɭɫɚ ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɪɟɲɺɬɤɚɦɢ ɮɟɪɪɢɬɚ ɢ 
ɰɟɦɟɧɬɢɬɚ ɜ ɩɪɨɞɭɤɬɚɯ ɪɚɫɩɚɞɚ ɚɭɫɬɟɧɢɬɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 400…700ɋ. Ɋɟɡɭɥɶɬɚɬɵ. ɍɫɬɚɧɨɜɥɟɧɨ ɧɨ-
ɜɨɟ, ɭɬɨɱɧɺɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɟɲɺɬɨɤ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɪɚɫɩɚɞɟ γ→α+(α+θ). ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ. 
ɉɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɨɪɢɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɜɨɣɧɚɹ ɝɧɨɦɨɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɚɹ ɩɪɨɟɤɰɢɹ 
ɫ ɩɨɥɸɫɚɦɢ ɧɨɪɦɚɥɟɣ ɤ ɩɥɨɫɤɨɫɬɹɦ α ɢ θ ɮɚɡ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɡɚɤɨɧɨɦɟɪ-
ɧɨɫɬɟɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɪɟɲɺɬɨɤ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɢ ɫɥɨɠɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɦɟɬɚɥɥɚɯ ɢ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦɚɯ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɮɟɪɪɢɬɨ-ɩɟɪɥɢɬɧɵɟ  ɫɬɚɥɢ, ɪɚɫɩɚɞ ɚɭɫɬɟɧɢɬɚ, ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɨɪɢɟɧɬɚɰɢɨɧ-
ɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɹ ɩɟɪɥɢɬɚ 

ɄɊɂɋɌȺɅɈȽɊȺɎȱɑɇȱ Ɂȼ'əɁɄɂ ɐȿɆȿɇɌɂɌ–ȺɍɋɌȿɇȱɌ–ɎȿɊɂɌ  
ɉɊɂ ȾɂɎɍɁȱɃɇɈɆɍ ɊɈɁɉȺȾȱ ȺɍɋɌȿɇȱɌɍ 

ȻɈɅɖɒȺɄɈȼ ȼ. І.1, ɞ. ɬ. ɧ, ɩɪɨɮ., 

ɋɍɏɈɆɅɂɇ Ƚ. Ⱦ.2, ɞ .ɬ .ɧ., ɩɪɨɮ., 

ɋɍɏɈɆɅɂɇ ȼ. І.3, ɫ. ɧ. ɫ. 
1 Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɿɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (056) 745 23 72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɿɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 47-02-62, e-mail: g_suhomlin@mail.ru, ORCID ID: 000-0001-5840-169X 
3* Ʉɚɮɟɞɪɚ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɬɚ ɨɛɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ, Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɿɣ ɧɚɜɱɚɥɶɧɢɣ ɡɚɤɥɚɞ «ɉɪɢɞɧɿɩɪɨɜɫɶɤɚ ɞɟɪɠɚɜɧɚ 
ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ», ɜɭɥ. ɑɟɪɧɢɲɟɜɫɶɤɨɝɨ, 24-ɚ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, 49005, ɍɤɪɚʀɧɚ,  
ɬɟɥ. +38 (0562) 47-39-56, e-mail: alma31@mail.ru, ORCID ID: 0000-0002-3673-1353 

Ⱥɧɨɬɚɰіɹ. ɉɪɨɜɟɞɟɧɨ ɩɨɲɭɤ ɧɨɜɢɯ, ɛɿɥɶɲ ɬɨɱɧɢɯ ɨɪɿєɧɬɚɰɿɣ ɧɢɯ ɫɩɿɜɜɿɞɧɨɲɟɧɶ ɦɿɠ ɤɪɢɫɬɚɥɿɱɧɢɦɢ ɪɟɲɿ-
ɬɤɚɦɢ ɜ ɩɟɪɥɿɬɧɢɯ ɿ ɛɟɣɧɿɬɧɢɯ ɩɪɨɞɭɤɬɚɯ ɪɨɡɩɚɞɭ ɚɭɫɬɟɧɿɬɭ. Ɇɟɬɨɞɢɤɚ. ȼɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞɢ: ɬɪɚɧɫɦɿɫɿɣɧɨʀ 
ɟɥɟɤɬɪɨɧɧɨʀ ɦɿɤɪɨɫɤɨɩɿʀ, ɦɿɤɪɨɞɢɮɪɚɤɰɿʀ, ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɿ ɫɬɟɪɟɨɝɪɚɮɿɱɧɨɝɨ ɚɧɚɥɿɡɿɜ. Ɇɟɬɚ ɞɨɫɥі-
ɞɠɟɧɧɹ - ɬɟɨɪɟɬɢɱɧɢɦɢ, ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɦɟɬɨɞɚɦɢ ɜɫɬɚɧɨɜɢɬɢ ɡ ɬɨɱɧɿɫɬɸ ɞɨ 0,2 ɤɭɬɨɜɨ-
ɝɨ ɝɪɚɞɭɫɭ ɨɪɿєɧɬɚɰɿɣɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɪɟɲɿɬɤɚɦɢ ɮɟɪɢɬɭ ɿ ɰɟɦɟɧɬɢɬɭ ɜ ɩɪɨɞɭɤɬɚɯ ɪɨɡɩɚɞɭ ɚɭɫɬɟɧɿɬɭ ɜ 
ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ 400...700ɋ. Ɋɟɡɭɥɶɬɚɬɢ. ȼɫɬɚɧɨɜɥɟɧɨ ɧɨɜɟ, ɭɬɨɱɧɟɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɪɟɲɿɬɨɤ ɩɪɢ ɞɢɮɭ-
ɡɿɣɧɨɦɭ ɪɨɡɩɚɞɿ γ → α + (α + θ). ɉɪɚɤɬɢɱɧɚ ɡɧɚɱɢɦɿɫɬɶ. Ɂɧɚɣɞɟɧɿ ɨɪɿєɧɬɚɰɿɣɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɬɚ ɩɨɛɭɞɨɜɚɧɚ 
ɩɨɞɜɿɣɧɚ ɝɧɨɦɨɫɬɟɪɟɨɝɪɚɮɿɱɧɚ ɩɪɨɟɤɰɿɹ ɡ ɩɨɥɸɫɚɦɢ ɧɨɪɦɚɥɟɣ ɞɨ ɩɥɨɳɢɧ α ɿ θ ɮɚɡ, ɹɤɚ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɚ 
ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɹɯ ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ ɡɜ'ɹɡɤɿɜ ɪɟɲɿɬɨɤ ɩɪɢ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɚɯ, ɚ ɬɚɤɨɠ ɩɪɢ 
ɧɚɫɬɭɩɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ ɫɤɥɚɞɧɢɯ ɮɿɡɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɟɧɧɹ  ɜ ɦɟɬɚɥɚɯ ɬɚ ɛɿɧɚɪɧɢɯ ɫɢɫɬɟɦɚɯ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɮɟɪɢɬɧɨ-ɩɟɪɥɿɬɧɿ ɫɬɚɥɿ, ɪɨɡɩɚɞ ɚɭɫɬɟɧɿɬɭ, ɮɚɡɨɜɿ ɩɟɪɟɬɜɨɪɟɧɧɹ, ɨɪɿєɧɬɚɰɿɣɧɿ ɫɩɿɜɜɿɞ-
ɧɨɲɟɧɧɹ, ɤɪɢɫɬɚɥɨɝɪɚɮɿɹ ɩɟɪɥɿɬɭ 
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Summary. It was made a search for new and more accurate orientation relations between the crystal lattice in the 

pearlite and bainite austenite decomposition products. Methods. It were used the methods: transmission electron 

microscopy, the micro-, mathematical matrix and stereographic analysis. The purpose of the research is with 

theoretical, numerical and experimental methods to set up to a 0.2 degree angular orientation relations between the 

lattices of ferrite and cementite in the austenite decomposition products in the temperature range 400 ... 700ɋ. Results. 

It was established a new, refined value for grids in the diffusion decay of γ → α + (α + θ). Practical significance. It was 

proposed a new oriented dependence and the corresponding double gnomonic projection with poles to planes α and θ 

phases, which can be used in patterns of crystallographic lattices relations studies at phase transitions, as well as the 

subsequent modeling of complex physical processes of structure formation in metals and binary systems. 

Keywords: low-carbon steel, decomposition of austenite, phase transformations, oriented relations, pearlite crys-

tallography

ȼɜɟɞɟɧɢɟ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɞɧɢɦ ɢɡ 
ɨɫɧɨɜɧɵɯ ɩɭɬɟɣ ɪɚɡɪɭɲɟɧɢɹ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ 
ɬɪɟɳɢɧɵ. ɉɪɢ ɷɬɨɦ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɫɤɥɨɧɧɨɫɬɶ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɦɭ 
ɪɚɡɪɭɲɟɧɢɸ ɫɜɹɡɚɧɚ ɧɟ ɬɨɥɶɤɨ ɫ 
ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ 
ɦɚɬɟɪɢɚɥɚ ɢ ɚɝɪɟɫɫɢɜɧɨɫɬɶɸ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ, ɧɨ ɢ ɫ ɬɢɩɨɦ ɢ ɫɬɪɭɤɬɭɪɨɣ ɝɪɚɧɢɰ 
ɡɟɪɟɧ. ɋɬɪɨɟɧɢɟ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɟɬ ɦɟɪɭ ɟɺ 
ɞɟɮɟɤɬɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɟɡɞɟɮɟɤɬɧɨɣ 
ɪɟɲɺɬɤɨɣ, ɬ. ɟ. ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ 
ɷɧɟɪɝɢɸ. ɗɧɟɪɝɢɹ ɝɪɚɧɢɰɵ ɢɝɪɚɟɬ 
ɞɨɦɢɧɢɪɭɸɳɭɸ ɪɨɥɶ ɜ ɟɺ ɫɩɨɫɨɛɧɨɫɬɢ 
ɜɥɢɹɬɶ ɧɚ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ 
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɬɚɤɢɟ, ɤɚɤ ɩɪɨɱɧɨɫɬɶ, 
ɩɥɚɫɬɢɱɧɨɫɬɶ, ɚɞɝɟɡɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, 
ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ 
Д1Ж. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɬɪɨɟɧɢɟ ɜɧɭɬɪɢɮɚɡɧɨɣ 
ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɡɚɢɦɧɵɦ ɩɨɜɨɪɨɬɨɦ 
ɪɟɲɺɬɨɤ ɤɪɢɫɬɚɥɥɨɜ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɞɪɭɝɚ, ɚ ɞɥɹ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ — ɟɳɺ ɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɲɺɬɨɱɧɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɹɱɟɟɤ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɤɪɢɫɬɚɥɥɨɜ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ ɚɬɨɦɧɨɦ 
ɫɬɪɨɟɧɢɢ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ ɡɺɪɟɧ 

ɨɫɧɨɜɚɧɵ ɧɚ ɤɨɧɰɟɩɰɢɢ ɪɟɲɺɬɨɤ 
ɫɨɜɩɚɞɚɸɳɢɯ ɭɡɥɨɜ (Ɋɋɍ), ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɭɞɟɥɶɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɷɧɟɪɝɢɸ ɝɪɚɧɢɰ ɡɺɪɟɧ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɜɡɚɢɦɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɪɟɲɺɬɨɤ (ɨɫɶ ɢ ɭɝɨɥ 
ɩɨɜɨɪɨɬɚ) ɢ ɩɨɷɬɨɦɭ ɜɚɠɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ (Ɉɋ) ɫ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. Ɉɫɧɨɜɧɵɟ Ɉɋ ɦɟɠɞɭ 
ɪɟɲɺɬɤɚɦɢ ɮɚɡ ɜ ɦɟɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ ɛɵɥɢ 
ɭɫɬɚɧɨɜɥɟɧɵ ɟɳɺ ɜ ɩɪɨɲɥɨɦ ɫɬɨɥɟɬɢɢ, ɫ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɨɱɧɨɫɬɶɸ (ɞɨ 3…5 
ɝɪɚɞɭɫɨɜ, ɚ ɢɧɨɝɞɚ ɢ ɯɭɠɟ). Ɉɫɨɛɟɧɧɨ ɜɚɠɧɵ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɠɟɥɟɡɨ-ɭɝɥɟɪɨɞ, ɝɞɟ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ 
ɩɨɥɢɦɨɪɮɧɵɟ ɩɟɪɟɯɨɞɵ (ɚɭɫɬɟɧɢɬ, ɮɟɪɪɢɬ, 
ɰɟɦɟɧɬɢɬ) ɢ ɜɵɞɟɥɹɸɬɫɹ ɛɨɥɟɟ 5 ɬɢɩɨɜ 
ɤɚɪɛɢɞɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
ɡɚɪɨɠɞɟɧɢɹ ɢ ɪɚɫɬɜɨɪɟɧɢɹ. ɇɚɩɪɢɦɟɪ, 
ɢɡɜɟɫɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ γ→α׳, 
ɪɟɚɥɢɡɭɸɳɟɟɫɹ ɩɪɢ ɫɞɜɢɝɨɜɨɦ ɩɪɟɜɪɚɳɟɧɢɢ 
ɚɭɫɬɟɧɢɬɚ [2], ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ, 
ɨɫɧɨɜɧɵɟ ɢɡ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɸɬɫɹ ɧɚ 
ɧɟɫɤɨɥɶɤɨ ɝɪɚɞɭɫɨɜ ɜ ɩɪɟɞɟɥɚɯ 5 [2–4]. Ⱥ ɜ 
ɫɨɩɪɹɠɟɧɢɹɯ ɦɟɠɞɭ ɮɟɪɪɢɬɨɦ ɢ ɰɟɦɟɧɬɢɬɨɦ 
ɜ ɩɟɪɥɢɬɟ ɢ ɨɬɩɭɳɟɧɧɨɦ ɦɚɪɬɟɧɫɢɬɟ 
ɫɥɨɠɢɥɚɫɶ ɧɟɨɩɪɟɞɟɥɟɧɧɚɹ ɫɢɬɭɚɰɢɹ. ȿɳɟ ɜ 
1947 ɝɨɞɭ ɜ «ɀɭɪɧɚɥɟ ɬɟɯɧɢɱɟɫɤɨɣ ɮɢɡɢɤɢ» 
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ɛɵɥɚ ɨɩɭɛɥɢɤɨɜɚɧɚ ɨɛɫɬɨɹɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ȼ. 
Ⱥ. ɂɫɚɣɱɟɜɚ [5], ɜ ɤɨɬɨɪɨɣ ɨɩɢɫɚɧɵ 
ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ 
ɚɭɫɬɟɧɢɬ-ɮɟɪɪɢɬ, ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɢ 
ɚɭɫɬɟɧɢɬ-ɰɟɦɟɧɬɢɬ ɪɟɧɬɝɟɧɨɜɫɤɢɦ ɦɟɬɨɞɨɦ. 
Ɉɧɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɨɞɧɨɦ 
ɦɨɧɨɤɪɢɫɬɚɥɥɟ ɫɬɚɥɢ, ɤɨɬɨɪɵɣ ɩɨɞɜɟɪɝɚɥɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɛɨɬɤɚɦ, ɮɢɤɫɢɪɭɹ 
ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɜɪɚɳɟɧɢɹ ɢ ɫɬɪɨɹ ɩɨ ɧɢɦ 
ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɢɟ ɩɪɨɟɤɰɢɢ ɩɨɥɸɫɨɜ 
ɩɥɨɫɤɨɫɬɟɣ ɮɟɪɪɢɬɚ, ɚɭɫɬɟɧɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ 
(θ- ɤɚɪɛɢɞɚ). Ʉ ɬɨɦɭ ɜɪɟɦɟɧɢ ɫɨɨɬɧɨɲɟɧɢɟ 
θ→γ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ Ɇ.ɗ. Ⱥɪɛɭɡɨɜɵɦ ɢ 
Ƚ.ȼ. Ʉɭɪɞɸɦɨɜɵɦ (Ɉɋ ȺɄ) [6], ɚ 
ɫɨɨɬɧɨɲɟɧɢɟ ɚɭɫɬɟɧɢɬ-ɦɚɪɬɟɧɫɢɬ — Ƚ.ȼ. 
Ʉɭɪɞɸɦɨɜɵɦ ɢ Ƚ. Ɂɚɤɫɨɦ (Ɉɋ ɄɁ) [2] ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɤɨɣ ɠɟ ɦɟɬɨɞɢɤɢ. ɉɪɢ 
ɷɬɨɦ, ɩɨɥɭɱɟɧɧɨɟ ɂ.ȼ. ɂɫɚɣɱɟɜɵɦ α→θ 
ɫɨɨɬɧɨɲɟɧɢɟ (Ɉɋɂ) Д5]:  

(103)θ ║ (101)α;      [010]θ ║ Д111Жα  (1) 

ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɩɨɥɭɱɢɥɨ 
ɩɨɥɧɨɝɨ ɩɪɢɡɧɚɧɢɹ. 

ɋɩɭɫɬɹ ɬɪɢ ɝɨɞɚ, ɜ 1950 ɝɨɞɭ ɋ.Ⱥ. 
Ȼɚɝɚɪɹɰɤɢɣ, ɤɨɥɥɟɝɚ ɂ.ȼ. ɂɫɚɣɱɟɜɚ, 
ɨɩɭɛɥɢɤɨɜɚɥ ɜ ɠɭɪɧɚɥɟ «Ⱦɨɤɥɚɞɵ Ⱥɇ 
ɋɋɋɊ» ɫɬɚɬɶɸ Д7Ж, ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɨɬɪɟɧɵ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɢ ɩɨɞɨɛɢɟ 
ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ α ɢ θ ɮɚɡ ɢ ɩɪɟɞɥɨɠɟɧ 
ɜɟɪɨɹɬɧɵɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟɫɬɪɨɣɤɢ α 
ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɪɟɲɺɬɤɢ ɦɚɪɬɟɧɫɢɬɚ ɜ 
ɨɪɬɨɪɨɦɛɢɱɟɫɤɭɸ ɪɟɲɺɬɤɭ ɰɟɦɟɧɬɢɬɚ. 
ɋɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɬɚɤɨɣ ɨɩɟɪɚɰɢɢ 
ɨɤɚɠɭɬɫɹ ɩɨɱɬɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɥɨɫɤɨɫɬɢ: 

(001)θ ║(112)α;  (100)θ ║ (110)α;   (010Жθ ║ 
(111Жα.    (2) 

ɉɨ ɧɟɢɡɜɟɫɬɧɵɦ ɩɪɢɱɢɧɚɦ ɷɬɨ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɛɵɥɨ ɜɨɫɩɪɢɧɹɬɨ ɧɚɭɱɧɨɣ 
ɨɛɳɟɫɬɜɟɧɧɨɫɬɶɸ ɜ ɤɚɱɟɫɬɜɟ ɮɢɡɢɱɟɫɤɢ 
ɫɭɳɟɫɬɜɭɸɳɟɝɨ (ɈɋȻ), ɪɟɚɥɢɡɭɸɳɟɝɨɫɹ ɩɪɢ 
ɨɬɩɭɫɤɟ (ɜɵɲɟ 500ɋ) ɦɚɪɬɟɧɫɢɬɚ Д11Ж, ɩɪɢ 
ɩɟɪɥɢɬɧɨɦ ɪɚɫɩɚɞɟ ɚɭɫɬɟɧɢɬɚ [8–9Ж, ɜ 
ɛɟɣɧɢɬɟ (ɧɢɠɟ 500ɋ) Д10–11]. 

Ɍɚɤɨɟ ɩɨɥɨɠɟɧɢɟ ɞɟɥ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ, ɯɨɬɹ ɜ 60-70-ɵɯ ɝɨɞɚɯ 
ɩɨɹɜɢɥɢɫɶ ɩɭɛɥɢɤɚɰɢɢ, ɨ ɫɥɭɱɚɹɯ 
ɪɟɚɥɢɡɚɰɢɢ Ɉɋ ɂɫɚɣɱɟɜɚ ɜ ɩɟɪɥɢɬɧɵɯ 
ɫɬɪɭɤɬɭɪɚɯ [11–12]. 

ȼ ɪɚɛɨɬɚɯ ȼ.ɂ. Ȼɨɥɶɲɚɤɨɜɚ ɫ 
ɫɨɬɪɭɞɧɢɤɚɦɢ Д13Ж ɛɵɥɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɵ 
ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɞɚɧɧɵɯ, 
ɩɨɜɵɲɚɸɳɢɟ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ 
ɚɡɢɦɭɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɨ 0,1 ɝɪɚɞɭɫɚ. 
ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɧɚ ɛɨɥɶɲɨɦ ɦɚɫɫɢɜɟ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫɜɵɲɟ 
150 ɫɥɭɱɚɟɜ ɫɨɩɪɹɠɟɧɢɣ) ɩɨɤɚɡɚɬɶ Д13Ж, ɱɬɨ 
ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ (з81%) 
ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɤɚɪɬɢɧ ɨɬ ɩɟɪɥɢɬɚ ɢ 
ɨɬɩɭɳɟɧɧɨɝɨ ɦɚɪɬɟɧɫɢɬɚ ɦɨɝɭɬ ɛɵɬɶ 
ɨɞɧɨɡɧɚɱɧɨ ɨɬɧɟɫɟɧɵ ɤ Ɉɋ ɂɫɚɣɱɟɜɚ, ɚ 9% 
ɞɨɩɭɫɤɚɸɬ ɞɜɨɹɤɭɸ ɬɪɚɤɬɨɜɤɭ ɢɡ-ɡɚ 
ɫɩɟɰɢɮɢɤɢ ɮɨɪɦɢɪɨɜɚɧɢɹ  ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ 
ɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɝɨɧɢɨɦɟɬɪɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ȼɚɠɧɨ 
ɚɤɰɟɧɬɢɪɨɜɚɬɶ, ɱɬɨ ɫɥɭɱɚɢ, ɤɨɬɨɪɵɟ ɧɚɞɺɠɧɨ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɛɵ Ɉɋ Ȼɚɝɚɪɹɰɤɨɝɨ Д7Ж, 
ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɧɟ ɛɵɥɢ. ɗɬɢ ɮɚɤɬɵ 
ɭɤɚɡɵɜɚɸɬ ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɨɩɪɹɠɟɧɢɣ ɮɟɪɪɢɬɧɵɯ ɢ 
ɰɟɦɟɧɬɢɬɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɧɟ ɩɨ Ɉɋ 
Ȼɚɝɚɪɹɰɤɨɝɨ, ɚ ɩɨ Ɉɋ ɂɫɚɣɱɟɜɚ. 

ȼ ɩɟɪɥɢɬɧɵɯ ɫɬɚɥɹɯ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɺɦɚ 
ɫɨɞɟɪɠɢɬɫɹ ɨɫɨɛɟɧɧɨ ɦɧɨɝɨ ɦɟɠɮɚɡɧɵɯ 
ɝɪɚɧɢɰ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɨɞɧɚɤɨ ɬɪɟɳɢɧɵ 
ɩɨ α-θ ɝɪɚɧɢɰɚɦ ɨɛɪɚɡɭɸɬɫɹ ɪɟɞɤɨ ɢ ɥɢɲɶ ɜ 
ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɚɩɪɚɜɥɟɧɢɟ ɬɟɱɟɧɢɹ 
ɦɟɬɚɥɥɚ ɫɥɭɱɚɣɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɱɬɢ ɜɞɨɥɶ 
ɩɥɚɫɬɢɧ ɩɟɪɥɢɬɚ. ȼɨɩɪɨɫ ɨ ɧɚɫɥɟɞɨɜɚɧɢɢ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɩɪɢ 
ɞɢɮɮɭɡɢɨɧɧɵɯ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ 
ɨɛɫɭɠɞɚɟɬɫɹ ɞɨɜɨɥɶɧɨ ɞɚɜɧɨ. ɉɪɢɦɟɪɚɦɢ 
ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɪɚɛɨɬɵ Ɉɦɨɪɢ Д9–10], 

Ʌ. Ɇ. ɍɬɟɜɫɤɨɝɨ Д11Ж, ɒɟɤɥɬɨɧɚ ɢ Ʉɟɥɥɢ 
Д12Ж, ɜ ɤɨɬɨɪɵɯ  ɞɥɹ ɜɵɹɫɧɟɧɢɹ ɷɬɨɝɨ 
ɜɨɩɪɨɫɚ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɦɚɬɪɢɱɧɵɟ 
ɭɪɚɜɧɟɧɢɹ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɚɥɶɧɟɣɲɚɹ ɪɚɛɨɬɚ ɜ ɷɬɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɚɤɬɭɚɥɶɧɚ ɢ ɟɺ ɫɥɟɞɭɟɬ  
ɩɪɨɞɨɥɠɚɬɶ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɭɫɬɚɧɨɜɢɬɶ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦ, ɪɚɫɱɟɬɧɵɦ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɦɟɬɨɞɚɦɢ ɫ ɬɨɱɧɨɫɬɶɸ 
ɞɨ 0,2 ɭɝɥɨɜɨɝɨ ɝɪɚɞɭɫɚ ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɪɟɲɺɬɤɚɦɢ ɚɭɫɬɟɧɢɬɚ, 
ɮɟɪɪɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ ɜ ɩɪɨɞɭɤɬɚɯ ɪɚɫɩɚɞɚ 
ɚɭɫɬɟɧɢɬɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
400…700ɋ.  



ȼɿɫɧɢɤ ɉɪɢɞɧɿɩɪɨɜɫɶɤɨʀ ɞɟɪɠɚɜɧɨʀ ɚɤɚɞɟɦɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ, 2016, № 5 (218)  ISSN 2312-2676 

82 

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
ɂɫɫɥɟɞɨɜɚɥɢ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɟ ɮɟɪɪɢɬɧɨ-

ɩɟɪɥɢɬɧɵɟ ɫɬɚɥɢ 20, ɋɬ 3 ɢ 
ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɧɭɸ  ɫɬɚɥɶ 10Ƚ2ɎȻ. 
ɉɪɢɦɟɧɹɥɢ ɦɟɬɨɞɵ: ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɚɬɪɢɱɧɨɝɨ ɢ ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɨɜ 
[11, 15, 16]. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠ-
ɞɟɧɢɟ  

Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɭɞɨɛɧɨ ɜɵ-
ɪɚɠɚɬɶ ɢɯ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ. ɉɟɪɜɵɣ ɢɡ 
ɧɢɯ — ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɢɣ — ɧɟ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ (±2), ɧɨ ɩɨɡɜɨɥɹɟɬ 
ɧɚɝɥɹɞɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɨɛɳɭɸ ɤɚɪɬɢɧɭ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ ɦɧɨɝɢɯ ɩɥɨɫɤɨɫɬɟɣ ɢɥɢ ɜɟɤɬɨɪɨɜ 
ɦɟɠɞɭ ɫɨɛɨɣ Д11, 12, 15Ж.  

Ƚɨɪɚɡɞɨ ɛɨɥɶɲɟ ɢɧɮɨɪɦɚɰɢɢ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɦɟɬɨɞ ɦɚɬɪɢɰ 
[11, 16Ж, ɬɨɱɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɥɭ-
ɱɲɟ 5 ɭɝɥɨɜɵɯ ɦɢɧɭɬ. ȼ ɫɨɱɟɬɚɧɢɢ ɫ ɮɨɪɦɭ-
ɥɨɣ ɤɨɫɢɧɭɫɨɜ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɭɝɥɵ ɦɟɠɞɭ ɪɟɮɥɟɤɫɚɦɢ ɮɚɡ ɫ ɬɚɤɨɣ ɬɨɱɧɨɫ-
ɬɶɸ, ɤɚɤɚɹ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɜ ɩɪɨɰɟɫ-
ɫɟ ɧɚɛɥɸɞɟɧɢɹ, ɸɫɬɢɪɨɜɚɧɢɹ ɢ ɮɢɤɫɚɰɢɢ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ Д15Ж.  

Ɋɭɤɨɜɨɞɫɬɜɭɹɫɶ ɩɪɚɜɢɥɚɦɢ, ɢɡɥɨɠɟɧɧɵ-
ɦɢ ɜ Д13, 16Ж, ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɤɨɦɩɨɧɟɧɬɵ 
ɦɚɬɪɢɰ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɯ ɨɪɢɟɧ-
ɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɮɚɡɚɦɢ ɜ 
ɫɬɚɥɹɯ.  

Ɉɞɢɧ ɢɡ ɲɟɫɬɢ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɪɚ-
ɜɧɨɰɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ Ɉɋ Ⱥ-Ʉ ɦɨɠɧɨ ɡɚɩɢ-
ɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

(100)ɰ║(545)γ;  (010)ɰ║(101)γ;  

(001)ɰ║(252)γ 

ȼɜɨɞɹ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɪɚɜɧɢɜɚɸɳɢɟ 

ɫɤɚɥɹɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜɟɤɬɨɪɨɜ, 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɫɟɜɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ Д11, 
16Ж, ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ 
ɪɚɡɦɟɪɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɞɥɹ Ɉɋ Ⱥɪɛɭɡɨɜɚ-

Ʉɭɪɞɸɦɨɜɚ: 
 

RȺ-Ʉ= 

0.48773

0.49825

0.18514

0.39018

0

0.46284

0.48773

0.49825

0.18514











 

                

(3) 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɩɭɬɺɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɚ-
ɬɪɢɰɵ Ɉɋ Ʉɭɪɞɸɦɨɜɚ-Ɂɚɤɫɚ: 

RɄ-

Ɂ= 

0.59289

0.53300

0.05989

0.51953

0.59289

0.13324

0.13324

0.05989

0.78603











, 

             

(4) 

Ɉɋ ɂɫɚɣɱɟɜɚ: 

Rɂ= 

0.03234

0.32526

0.34646

0.43098

0.32526

0.1920210

0.46331

0.32526

0.154444











, 

             

(5) 

ɢ Ɉɋ ɉɢɬɱɚ Д24Ж, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɧɨ 
ɞɥɹ ɩɟɪɥɢɬɚ: 

 

Rɉ= 

0.56618

0.14706

0.15524

0.21776

0.51895

0.07762

0.18292

0.18292

0.38811











. 

              

6) 

ɂɫɩɨɥɶɡɭɹ ɦɚɬɪɢɰɵ, ɨɩɢɫɵɜɚɸɳɢɟ 
ɪɚɡɧɵɟ ɜɢɞɵ ɮɨɪɦɨɢɡɦɟɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ 
ɪɟɲɺɬɨɤ, ɦɨɠɧɨ ɫɬɪɨɢɬɶ ɦɟɯɚɧɢɡɦɵ 
(ɦɨɞɟɥɢ) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɚɞɢɣ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ. Ɍɚɤɢɟ ɦɟɬɨɞɵ ɦɚɬɪɢɱɧɨɝɨ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɜ ɪɚɛɨɬɚɯ 
Ɉɦɨɪɢ Д15Ж, ɒɟɤɥɬɨɧɚ ɢ Ʉɟɥɥɢ Д17Ж, ɀɚɧɝɚ 
ɢ Ʉɟɥɥɢ [20] ɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ.  

ȼ ɫɥɭɱɚɟ ɤɪɢɫɬɚɥɥɨɝɚɮɢɱɟɫɤɢɯ 
ɫɨɩɪɹɠɟɧɢɣ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɪɚɫɩɚɞɟ 
ɚɭɫɬɟɧɢɬɚ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ Д15Ж, ɱɬɨ 
ɡɚɪɨɠɞɚɸɳɢɟɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɚɭɫɬɟɧɢɬɧɨɣ 
ɪɟɲɺɬɤɨɣ ɤɚɪɛɢɞɵ ɩɪɢɨɛɪɟɬɚɸɬ 
ɨɪɢɟɧɬɚɰɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɉɋ γ↔θ ɢ 
ɜɩɨɫɥɟɞɫɬɜɢɢ ɨɤɚɡɵɜɚɸɬɫɹ ɜ ɨɤɪɭɠɟɧɢɢ 
ɮɟɪɪɢɬɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɨɪɢɟɧɬɚɰɢɹ ɤɨɬɨɪɵɯ 
ɞɢɤɬɭɟɬɫɹ Ɉɋ γ↔α. ȼ ɢɬɨɝɟ ɦɟɠɞɭ 
ɤɚɪɛɢɞɧɨɣ ɢ ɮɟɪɪɢɬɧɨɣ ɪɟɲɺɬɤɚɦɢ 
ɮɨɪɦɢɪɭɟɬɫɹ ɡɚɤɨɧɨɦɟɪɧɨɟ ɫɨɩɪɹɠɟɧɢɟ, 
ɩɨɞɱɢɧɹɸɳɟɟɫɹ ɢɡɜɟɫɬɧɵɦ ɫɜɹɡɹɦ. 
Ɋɟɡɭɥɶɬɚɬ ɦɨɠɟɬ ɛɵɬɶ ɫɨɩɨɫɬɚɜɥɟɧ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɢɥɢ 
ɜɵɜɨɞɚɦɢ ɞɪɭɝɢɯ ɪɚɛɨɬ ɢɥɢ ɫɨ ɫɯɟɦɚɦɢ, 
ɪɟɚɥɢɡɭɸɳɢɦɢɫɹ ɩɪɢ ɧɨɜɵɯ ɮɚɡɨɜɵɯ 
ɩɪɟɜɪɚɳɟɧɢɹɯ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɦɟɟɬɫɹ ɦɚɬɪɢɰɚ RȺ-Ʉ 

ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɪɚɡɦɟɪɧɨɝɨ 
ɫɨɨɬɜɟɬɫɬɜɢɹ, ɜɵɱɢɫɥɟɧɧɚɹ ɫ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɜ ɫɨɝɥɚɫɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ Ɇ. ɗ. 

Ⱥɪɛɭɡɨɜɵɦ ɢ Ƚ. ȼ. Ʉɭɪɞɸɦɨɜɵɦ ɞɥɹ 
ɩɟɪɟɯɨɞɚ ɨɬ ɢɧɞɟɤɫɨɜ ɩɥɨɫɤɨɫɬɟɣ ɰɟɦɟɧɬɢɬɚ 
ɤ ɢɧɞɟɤɫɚɦ ɩɥɨɫɤɨɫɬɟɣ ɚɭɫɬɟɧɢɬɚ (3), ɢ 
ɦɚɬɪɢɰɚ (4) ɩɟɪɟɯɨɞɚ ɨɬ ɚɭɫɬɟɧɢɬɚ ɤ 
ɮɟɪɪɢɬɭ RɄ-Ɂ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ Ʉɭɪɞɸɦɨɜɚ-

Ɂɚɤɫɚ. 
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ȼ ɢɬɨɝɟ, ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɪɟɲɺɬɤɚɦɢ 
ɰɟɦɟɧɬɢɬɚ ɢ ɮɟɪɪɢɬɚ α→RX→θ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ, ɭɦɧɨɠɚɹ ɦɚɬɪɢɰɭ Ɉɋ Ⱥ-Ʉ ɧɚ 
ɦɚɬɪɢɰɭ Ɉɋ Ʉ-Ɂ: 

[θ→RȺɄ→][→RɄɁ→α] = [α→RX→θ].             

(7) 

Ɂɞɟɫɶ ɭɦɟɫɬɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɚɭɫɬɟɧɢɬɧɭɸ ɪɟɲɺɬɤɭ ɦɨɠɧɨ ɧɚɥɨɠɢɬɶ ɧɚ 
ɰɟɦɟɧɬɢɬɧɭɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɉɋ ȺɄ 
ɬɨɥɶɤɨ ɲɟɫɬɶɸ ɜɚɪɢɚɧɬɚɦɢ (ɬɚɛɥ. 1): 

Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  1  

Вɚɪɢɚɧɬɵ ɧɚɥɨɠɟɧɢɹ ɚɭɫɬɟɧɢɬɧɨɣ ɪɟɲɟɬɤɢ 
ɧɚ ɰɟɦɟɧɬɢɬɧɭɸ / 

Variants of imposition of austenitic grate  

on a cementite one 
ȼɚɪɢɚɧɬɵ 1 2 3 4 5 6 

ɇɚ ɨɫɶ Д100Ж (5-45)   (5-45) (-455) (455) (554) (5-54) 

ɇɚ ɨɫɶ Д010Ж (-101)  (101) (011) (011) (110) (110) 

ɇɚ ɨɫɶ Д001Ж (2-52)  (2-52) (-522)  (-522) (2-25) (2-25) 

ɉɪɢ ɫɤɚɥɹɪɧɨɦ ɭɦɧɨɠɟɧɢɢ ɲɟɫɬɢ 
ɜɚɪɢɚɧɬɨɜ ɦɚɬɪɢɰ RȺɄ, ɨɬɜɟɱɚɸɳɢɯ ɬɚɛɥɢɰɟ 
1, ɧɚ ɨɞɢɧ ɜɚɪɢɚɧɬ ɦɚɬɪɢɰɵ Ɉɋ ɄɁ, 
ɩɨɥɭɱɟɧɵ ɲɟɫɬɶ ɜɚɪɢɚɧɬɨɜ ɦɚɬɪɢɰɵ RX, 

ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɬɪɺɯ ɩɚɪ. 
ȼ ɤɚɠɞɨɣ ɩɚɪɟ ɷɥɟɦɟɧɬɵ ɨɞɢɧɚɤɨɜɵɟ, ɧɨ 
ɨɬɥɢɱɚɸɬɫɹ ɩɟɪɟɫɬɚɧɨɜɤɨɣ ɫɬɨɥɛɰɨɜ. 
ɇɚɩɪɢɦɟɪ,  

 

Ɇɚɬɪɢɰɚ Ɉɋɂ   

0.03234

0.32526

0.34646

0.43098

0.32526

0.19202

0.46331

0.32526

0.15444









. 

ɉɟɪɜɵɟ ɞɜɚ ɜɚɪɢɚɧɬɚ RX ɨɬɥɢɱɚɸɬɫɹ 
ɰɢɤɥɢɱɟɫɤɨɣ ɩɟɪɟɫɬɚɧɨɜɤɨɣ ɫɬɨɥɛɰɨɜ: 
ɩɟɪɜɵɣ ɫɬɚɥ ɜɬɨɪɵɦ, ɜɬɨɪɨɣ – ɬɪɟɬɶɢɦ, ɚ 
ɬɪɟɬɢɣ – ɩɟɪɜɵɦ. ɇɢɠɟ ɷɬɢɯ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ 

RX ɩɪɢɜɟɞɟɧɚ ɦɚɬɪɢɰɚ Ɉɋɂ, ɫɪɚɜɧɟɧɢɟ ɫ 
ɤɨɬɨɪɨɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɬɢ ɜɚɪɢɚɧɬɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɬɪɢɰɚɦ Ɉɋ ɂɫɚɣɱɟɜɚ ɫ 
ɬɨɱɧɨɫɬɶɸ ɞɨ ɜɬɨɪɨɝɨ ɡɧɚɤɚ ɩɨɫɥɟ ɡɚɩɹɬɨɣ. 
Ɍɚɤɢɟ ɨɬɤɥɨɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ 
ɨɬɤɥɨɧɟɧɢɹɦɢ Ɉɋ Ʉɭɪɞɸɦɨɜɚ-Ɂɚɤɫɚ, ɱɬɨ 
ɨɬɦɟɱɚɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ [16-18]. 

Ɉɫɬɚɥɶɧɵɟ ɞɜɟ ɝɪɭɩɩɵ ɩɨ ɞɜɚ ɜɚɪɢɚɧɬɚ 
ɡɧɚɱɟɧɢɣ RX ɜ ɤɚɠɞɨɣ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɢ ɨɬ ɦɚɬɪɢɰɵ Rɂ ɧɟɫɤɨɥɶɤɢɦɢ 
ɩɟɪɜɵɦɢ ɡɧɚɤɚɦɢ ɩɨɫɥɟ ɡɚɩɹɬɨɣ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɜɬɨɪɨɝɨ Ɉɋ ɜ ɩɟɪɥɢɬɧɵɯ 
ɫɬɪɭɤɬɭɪɚɯ – Ɉɋ ɉɢɬɱɚ, ɬɨ ɨɧɨ ɛɵɥɨ ɭɫɬɚ-
ɧɨɜɥɟɧɨ Д17Ж ɛɟɡ ɬɳɚɬɟɥɶɧɨɝɨ ɫɬɟɪɟɨɝɪɚɮɢ-

ɱɟɫɤɨɝɨ ɢ ɦɚɬɪɢɱɧɨɝɨ ɚɧɚɥɢɡɨɜ ɢ ɟɝɨ ɧɟɫɨ-
ɜɟɪɲɟɧɫɬɜɨ ɨɛɳɟɢɡɜɟɫɬɧɨ. ȼ ɪɚɛɨɬɟ ɀɚɧɝɚ 
ɢ Ʉɟɥɥɢ Д14Ж  ɞɚɠɟ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɬɪɢ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɜɚɪɢɚɧɬɚ Ɉɋ ɉɢɬɱɚ: 

 (103)ɰ ║(101)ɮ 

 ɈR-1    

1Ж ɮ 

 

 (011)ɰ ║(101)ɮ  
 ɈR-1         Д311Жɰ ║Д111Жɮ 

 

 

(210)ɰ║(101)ɮ 
ɈR-1      Д001Жɰ║Д131Жɮ 

 

 

ɋɨɩɨɫɬɚɜɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ Ɉɋ ɂɫɚɣɱɟɜɚ 
ɢ Ɉɋ ɉɢɬɱɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɯ ɨɫɧɨɜɧɨɟ ɪɚɡɥɢ-
ɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɮɟɪɪɢɬɧɚɹ ɪɟɲɺ-
ɬɤɚ ɩɨ Ɉɋɉ ɩɨɜɺɪɧɭɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ Ɉɋɂ 
ɧɚ 32 ɜɨɤɪɭɝ ɨɫɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ 
(103)ɰ║(101)ɮ. ȼ ɤɨɧɰɟɩɰɢɢ ɪɟɲɺɬɨɤ ɫɨɜ-
ɩɚɞɚɸɳɢɯ ɭɡɥɨɜ ɩɨɜɨɪɨɬ ɧɚ ɬɚɤɨɣ ɭɝɨɥ (ɬɨ-
ɱɧɟɟ 31,59°) ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɺɬɤɢ ɜɨɤɪɭɝ 
[101Ж ɫɨɡɞɚɺɬ ɫɩɟɰɢɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɫ 
ɨɛɪɚɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɳɢɯ ɭɡɥɨɜ 
Σ27. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɟɫɥɢ ɜɧɭɬɪɢ ɰɟɦɟɧɬɢɬ-
ɧɨɝɨ ɤɚɪɤɚɫɚ ɫɭɳɟɫɬɜɭɸɬ ɮɟɪɪɢɬɧɵɟ ɡɺɪɧɚ 
ɩɟɪɥɢɬɧɨɝɨ ɮɟɪɪɢɬɚ, ɬɨ ɦɟɠɞɭ ɧɢɦɢ ɮɨɪɦɢ-
ɪɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɝɪɚɧɢɰɵ Σ27. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɜ 
ɨɞɧɨɦ ɡɟɪɧɟ ɮɟɪɪɢɬɚ ɡɚɪɨɠɞɚɬɶɫɹ ɧɟɫɤɨɥɶ-
ɤɢɦ ɨɪɢɟɧɬɚɰɢɹɦ ɰɟɦɟɧɬɢɬɚ, ɱɬɨ ɱɚɫɬɨ ɧɚ-
ɛɥɸɞɚɟɬɫɹ ɜ ɞɨɷɜɬɟɤɬɨɢɞɧɵɯ ɫɬɚɥɹɯ. ɇɚ 
ɨɫɧɨɜɟ ɷɬɢɯ ɚɪɝɭɦɟɧɬɨɜ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ 
ɨɫɧɨɜɧɚɹ ɮɨɪɦɭɥɚ ɢ ɩɨɫɬɪɨɟɧɚ ɫɬɟɪɟɨɩɪɨɟ-
ɤɰɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɜ ɩɟɪ-
ɥɢɬɟ, ɹɜɥɹɸɳɟɝɨɫɹ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɵɦ ɢ 
ɛɨɥɟɟ ɫɬɪɨɝɨ ɨɩɢɫɵɜɚɸɳɢɦ ɮɢɡɢɱɟɫɤɭɸ 
ɫɭɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɪɚɫɩɚɞɚ ɚɭɫɬɟɧɢɬɚ. ȼ 
ɧɨɜɨɦ ɜɚɪɢɚɧɬɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɩɢɫɚɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ.  

(100)ɰ║(16.7.5)ɮ   (010)ɰ║(131)ɮ     

(001)ɰ║(215)ɮ    (8) 

ɗɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɨɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɩɪɟɞɥɨ-
ɠɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д14Ж, ɧɨ ɢ ɨɬ ɨɪɢɝɢɧɚɥɶɧɨɝɨ 
Ɉɋ ɉɢɬɱɚ [17] ɩɨɜɨɪɨɬɨɦ ɧɚ 2,8 ɜɨɤɪɭɝ ɧɨ-
ɪɦɚɥɢ ɤ (103)ɰ, ɩɪɢ ɷɬɨɦ ɛɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ 
(103)ɰ ║ (101)ɮ. 
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0.39018

0
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0.59289
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0.78603













0.05199

0.32525

0.34537

0.41974

0.32524

0.20290

0.47172

0.32525

0.14247
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ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɚɬɪɢɰɚ Ɉɋ ɮɟɪɪɢɬ-

ɰɟɦɟɧɬɢɬ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

RPN

= 

0.59289

0.53300

0.05989

0.51953

0.59289

0.13324

0.13324

0.05989

0.78603











, 

                

(7) 

ɗɥɟɤɬɪɨɧɨɝɪɚɦɦɵ ɨɬ ɤɨɥɨɧɢɣ ɩɟɪɥɢɬɚ 
ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɬɚɥɹɯ ɩɨɞɬɜɟɪɠɞɚ-
ɸɬ, ɱɬɨ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɜɭɯ ɫɢɫɬɟɦ 
ɪɟɮɥɟɤɫɨɜ ɫɨɝɥɚɫɭɟɬɫɹ ɫ Ɉɋ, ɩɪɟɞɫɬɚɜɥɟɧ-
ɧɵɦ ɦɚɬɪɢɰɟɣ (9) ɢ ɫɬɟɪɟɨɩɪɨɟɤɰɢɟɣ ɧɚ ɪɢ-
ɫɭɧɤɟ 1. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɟ 2ɚ ɩɪɢɜɟɞɟɧɚ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ ɨɬ ɤɨɥɨɧɢɢ 
ɩɟɪɥɢɬɚ ɜ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ 20, ɚ ɧɚ 
ɪɢɫɭɧɤɟ 2ɛ – ɟɺ ɫɯɟɦɚ ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɪɟɮ-
ɥɟɤɫɨɜ ɮɟɪɪɢɬɚ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɡɨɧɟ 
[103Жɮ ɢ ɪɟɮɥɟɤɫɨɜ ɰɟɦɟɧɬɢɬɚ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɜ ɡɨɧɟ Д013Жɐ. Ɉɛɟ ɨɫɢ ɷɬɢɯ ɡɨɧ ɨɬ-
ɦɟɱɟɧɵ ɡɚɬɟɦɧɺɧɧɵɦ ɨɜɚɥɨɦ ɜɛɥɢɡɢ (001)ɐ 

ɧɚ ɫɬɟɪɟɨɩɪɨɟɤɰɢɢ (ɪɢɫ. 1). 
ɇɚ ɫɯɟɦɟ (ɪɢɫ. 2ɛ) ɩɨɤɚɡɚɧ ɭɝɨɥ 

2,1 ± 0,2, ɢɡɦɟɪɟɧɧɵɣ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɹ-
ɦɢ ɪɹɞɨɜ ɪɟɮɥɟɤɫɨɜ (020)ɮ ɢ (131)ɰ. ɂɦɟɧ-
ɧɨ ɬɚɤɨɣ ɭɝɨɥ ɦɟɠɞɭ ɷɬɢɦɢ ɩɨɥɸɫɚɦɢ 
ɩɥɨɫɤɨɫɬɟɣ  ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɧɚ ɫɬɟɪɟɨɩɪɨɟɤ-
ɰɢɢ ɧɚ ɪɢɫɭɧɤɟ 1. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚ ɫɬɟɪɟɨɩ-
ɪɨɟɤɰɢɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɨɪɢɝɢɧɚɥɶɧɨɣ ɪɚɛɨɬɵ ɉɢɬɱɚ 
Д17Ж, ɷɬɨɬ ɠɟ ɭɝɨɥ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɟɧ ɧɭɥɸ. 
ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɤɚɪɬɢɧɵ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸ-
ɬɫɹ ɫ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ, ɨɩɢɫɵɜɚɟɦɵɟ ɦɚɬ-
ɪɢɰɟɣ (9), ɜɵɪɚɠɟɧɢɟɦ (8) ɢ 
ɫɬɟɪɟɨɩɪɨɟɤɰɢɟɣ ɧɚ ɪɢɫɭɧɤɟ 1.  

ɉɨɫɬɪɨɟɧɢɟ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɭɡɥɨɜ ɪɟɲɺɬɨɤ ɮɟɪɪɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ ɜ  ɩɥɨɫ-
ɤɨɫɬɹɯ (100)ɮ ɢ (311)ɰ ɩɨɤɚɡɵɜɚɟɬ ɜɢɞ ɫɨ 
ɫɬɨɪɨɧɵ Д100Жɐ (ɪɢɫ. 3), ɱɬɨ ɭɡɥɵ, ɛɥɢɡɤɢɟ ɤ 
ɫɨɜɩɚɞɟɧɢɸ ɨɛɪɚɡɭɸɬ ɪɟɝɭɥɹɪɧɵɣ, ɩɟɪɢɨ-
ɞɢɱɟɫɤɢɣ ɭɡɨɪ, ɭɤɚɡɵɜɚɸɳɢɣ ɧɚ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ ɜ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɫɨɨ-
ɬɧɨɲɟɧɢɹ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɩɪɟɞɫɬɚɜɥɟɧɧɨ-
ɝɨ ɦɚɬɪɢɰɟɣ (9). 

 

 
ɚ 

 
ɛ 

Ɋɢɫ. 2. Ɇɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ (ɚ) ɢ ɫɯɟɦɚ ɟɺ 
ɢɧɞɢɰɢɪɨɜɚɧɢɹ (ɛ) ɨɬ ɤɨɥɨɧɢɢ ɩɟɪɥɢɬɚ ɜ ɫɬɚɥɢ 20 ɩɨɫɥɟ 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ 550ɋ. 
ȼɡɚɢɦɧɵɣ ɪɚɡɜɨɪɨɬ ɞɜɭɯ ɫɢɫɬɟɦ ɪɟɮɥɟɤɫɨɜ ɫ ɬɨ-

ɱɧɨɫɬɶɸ ɞɨ 0,2 ɫɨɝɥɚɫɭɟɬɫɹ ɫ Ɉɋ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ 

ɦɚɬɪɢɰɟɣ (7) ɢ ɫɬɟɪɟɨɩɪɨɟɤɰɢɟɣ ɧɚ ɪɢɫ. 1 
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Ɋɢɫ. 3. Ɉɛɪɚɡɨɜɚɧɢɟ ɪɟɲɺɬɤɢ ɛɥɢɡɤɢɯ ɤ ɫɨɜɩɚɞɟ-

ɧɢɸ ɭɡɥɨɜ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɩɥɨɫɤɨɫɬɟɣ (100)ɰ ɢ 
(311)ɮ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɉɋ (7). 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

ȼɵɜɨɞɵ.  

1. ɉɪɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ, ɜ 
ɤɨɬɨɪɵɯ ɜɨɡɧɢɤɚɟɬ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɚɹ 
ɫɜɹɡɶ ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɪɟɚɥɢɡɭɟɬɫɹ 
ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɂɫɚɣɱɟɜɚ Д5Ж, 
ɚ ɧɟ Ȼɚɝɚɪɹɰɤɨɝɨ Д3Ж.  

2.ɍɫɬɚɧɨɜɥɟɧɨ ɧɨɜɨɟ ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ 
ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɮɟɪɪɢɬɨɦ ɢ 
ɰɟɦɟɧɬɢɬɨɦ ɜ ɩɟɪɥɢɬɟ. 

3. ɉɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ, ɜɵɫɨɤɨɬɨɱɧɵɟ 
(ɧɟ ɯɭɠɟ 0,1) ɦɚɬɪɢɰɵ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ 
ɪɚɡɦɟɪɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɞɥɹ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɫɜɹɡɟɣ: 

ɚ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 
ɚɭɫɬɟɧɢɬ-ɰɟɦɟɧɬɢɬ ɩɨ Ⱥɪɛɭɡɨɜɭ-

Ʉɭɪɞɸɦɨɜɭ; 
ɛ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɚɭɫɬɟɧɢɬ-ɮɟɪɪɢɬ ɩɨ Ʉɭɪɞɸɦɨɜɭ-Ɂɚɤɫɭ; 
ɜ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɩɨ ɂɫɚɣɱɟɜɭ; 
ɝ) ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ, ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɜ ɷɬɨɣ 
ɪɚɛɨɬɟ. 

4. ȼɵɩɨɥɧɟɧɚ ɪɚɛɨɱɚɹ ɞɜɨɣɧɚɹ 
ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɚɹ ɩɪɨɟɤɰɢɹ ɧɨɜɨɝɨ Ɉɋ 
ɮɟɪɪɢɬ-ɰɟɦɟɧɬɢɬ ɜ ɩɟɪɥɢɬɟ. Ɉɧɚ ɩɪɢɝɨɞɧɚ 
ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɫɥɟ 
ɭɜɟɥɢɱɟɧɢɹ ɟɺ ɞɢɚɦɟɬɪɚ ɞɨ 200 ɦɦ. 

5.ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɟɠɞɭ 
ɮɟɪɪɢɬɨɦ ɢ ɰɟɦɟɧɬɢɬɨɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɩɟɪɥɢɬɟ 
ɜɨɡɧɢɤɚɟɬ ɪɟɲɺɬɤɚ ɛɥɢɡɤɢɯ ɤ ɫɨɜɩɚɞɟɧɢɸ 
ɭɡɥɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɟɪɢɨɞɢɱɟɫɤɢ 
ɩɨɜɬɨɪɹɸɳɟɝɨɫɹ ɭɡɨɪɚ. 
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