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Ȼ.ȼ. Ƚɍɋȿȼ 

 
 
ɂɡɜɟɫɬɧɨɦɭ ɭɱɟɧɨɦɭ, ɩɟɞɚɝɨɝɭ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦɭ ɢ ɨɛɳɟɫɬɜɟɧɧɨɦɭ ɞɟɹɬɟɥɸ, 

ɩɪɨɮɟɫɫɨɪɭ, ɚɤɚɞɟɦɢɤɭ Ȼɨɪɢɫɭ  ȼɥɚɞɢɦɟɪɢɱɭ Ƚɭɫɟɜɭ  ɢɫɩɨɥɧɢɥɨɫɶ 80 ɥɟɬ.  
Ȼ.ȼ. Ƚɭɫɟɜ ɨɞɢɧ ɢɡ ɨɫɧɨɜɚɬɟɥɟɣ ɢ ɩɟɪɜɵɣ ɩɪɟɡɢɞɟɧɬ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ 

(1990 ɝ.), ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɣ ɜɩɨɫɥɟɞɫɬɜɢɢ ɜ Ɋɨɫɫɢɣɫɤɭɸ ɢ Ɇɟɠɞɭɧɚɪɨɞɧɭɸ ɢɧɠɟɧɟɪɧɵɟ 
ɚɤɚɞɟɦɢɢ (1λλ1 ɝ.), ɩɪɟɡɢɞɟɧɬɨɦ ɤɨɬɨɪɵɯ ɨɧ ɹɜɥɹɟɬɫɹ ɫɨ ɞɧɹ ɢɯ ɨɫɧɨɜɚɧɢɹ, ɩɪɟɡɢɞɟɧɬ 
Ɋɨɫɫɢɣɫɤɨɝɨ ɋɨɸɡɚ ɨɛɳɟɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ.  

Ȼ.ȼ. Ƚɭɫɟɜ ɪɨɞɢɥɫɹ 13 ɦɚɹ 1λγ6 ɝɨɞɚ. Ɉɤɨɧɱɢɥ Ɍɵɪɧɨɜɫɤɭɸ ɫɟɦɢɥɟɬɧɸɸ ɲɤɨɥɭ, 
Ɋɹɡɚɧɫɤɢɣ ɬɟɯɧɢɤɭɦ (ɧɵɧɟ ɤɨɥɥɟɞɠ) ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɞɜɭɯ 
ɤɭɪɫɨɜ Ɇɨɫɤɨɜɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɢɧɠɟɧɟɪɨɜ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɧɚɩɪɚɜɥɟɧ ɜ 
ȼɚɪɲɚɜɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ, ɤɨɬɨɪɵɣ ɨɤɨɧɱɢɥ ɜ1λ61 ɝ. 

Ɍɪɭɞɨɜɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɧɚɱɚɥ ɜ 1λ61 ɝɨɞɭ ɜ Ɍɚɲɤɟɧɬɫɤɨɦ ɢɧɫɬɢɬɭɬɟ ɢɧɠɟɧɟɪɨɜ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɫ 1λ64 ɩɨ 1λ7γ ɝɨɞ ɪɚɛɨɬɚɥ ɜ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɦ ɢɧɫɬɢɬɭɬɟ 
ɢɧɠɟɧɟɪɨɜ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɋ 1λ7γ ɩɨ 1λ7λ ɝɨɞ ɹɜɥɹɥɫɹ ɡɚɦɟɫɬɢɬɟɥɟɦ ɞɢɪɟɤɬɨɪɚ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɛɸɪɨ «Ɇɨɫɨɪɝɫɬɪɨɣɦɚɬɟɪɢɚɥɵ». ȼ 1978 ɝɨɞɭ ɩɪɢɫɜɨɟɧɚ 
ɭɱɺɧɚɹ ɫɬɟɩɟɧɶ ɞɨɤɬɨɪɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ. ɋ 1λ7λ ɩɨ 1λλ0 ɝɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚɧɢɦɚɥ ɩɨɫɬɵ 
ɡɚɜɟɞɭɸɳɟɝɨ ɥɚɛɨɪɚɬɨɪɢɟɣ ɢ ɡɚɦɟɫɬɢɬɟɥɹ ɞɢɪɟɤɬɨɪɚ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ 
ɛɟɬɨɧɚ ɢ ɠɟɥɟɡɨɛɟɬɨɧɚ ɇɂɂɀȻ. ȼ 1981 ɝɨɞɭ ɩɪɢɫɜɨɟɧɨ ɭɱɺɧɨɟ ɡɜɚɧɢɟ ɩɪɨɮɟɫɫɨɪɚ. ɋ 1λλ0 ɝɨɞɚ 
ɩɨ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ - ɩɪɟɡɢɞɟɧɬ Ɋɨɫɫɢɣɫɤɨɣ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ. ɋ 1991 ɝɨɞɚ - ɱɥɟɧ-
ɤɨɪɪɟɫɩɨɧɞɟɧɬ ɊȺɇ. ɋ 2004 ɝɨɞɚ - ɢɧɨɫɬɪɚɧɧɵɣ ɱɥɟɧ ɑɟɪɧɨɝɨɪɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɢ ɢɫɤɭɫɫɬɜ. 

Ȼ.ȼ. Ƚɭɫɟɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɪɨɛɥɟɦ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɂɦ ɪɚɡɪɚɛɨɬɚɧɵ ɨɫɧɨɜɵ ɩɨɫɬɪɨɟɧɢɹ ɪɚɡɜɢɬɵɯ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɜɵɩɨɥɧɟɧɚ ɢɯ ɫɬɪɭɤɬɭɪɧɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ Ȼ.ȼ. Ƚɭɫɟɜ ɡɚɧɢɦɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɨɫɧɨɜɵ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ 
ɰɟɦɟɧɬɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ (ɜ β-γ ɪɚɡɚ) ɢ ɫɨɡɞɚɧɢɹ ɫɭɫɩɟɧɡɢɣ ɢ 
ɷɦɭɥɶɫɢɣ ɜɵɫɨɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɢ ɧɟɪɚɫɫɥɚɢɜɚɟɦɨɫɬɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɳɢɬɧɵɯ ɧɚɧɨɩɥɺɧɨɤ. 

ɒɢɪɨɤɨɦɚɫɲɬɚɛɧɚɹ ɧɚɭɱɧɚɹ ɢ ɩɪɨɫɜɟɬɢɬɟɥɶɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ Ȼ.ȼ. Ƚɭɫɟɜɚ ɢɡɜɟɫɬɧɚ ɜɨ 
ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ. Ɉɧ ɹɜɥɹɟɬɫɹ ɚɜɬɨɪɨɦ ɛɨɥɟɟ 500 ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ, β5 ɦɨɧɨɝɪɚɮɢɣ ɢ 
ɭɱɟɛɧɵɯ ɩɨɫɨɛɢɣ, 150 ɢɡɨɛɪɟɬɟɧɢɣ ɢ ɩɚɬɟɧɬɨɜ. Ȼ.ȼ. Ƚɭɫɟɜ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɚɬɟɥɟɦ ɧɚɭɱɧɨɣ 
ɲɤɨɥɵ, ɩɨɞ ɟɝɨ ɪɭɤɨɜɨɞɫɬɜɨɦ ɩɨɞɝɨɬɨɜɥɟɧɨ 85 ɞɨɤɬɨɪɨɜ ɢ ɤɚɧɞɢɞɚɬɨɜ ɧɚɭɤ ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ 
ɦɢɪɚ. Ƚɭɫɟɜ Ȼ.ȼ. ɜɟɞɟɬ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɭɸ ɢ ɚɤɬɢɜɧɭɸ ɪɚɛɨɬɭ ɩɨ ɪɚɡɜɢɬɢɸ ɦɟɠɞɭɧɚɪɨɞɧɵɯ 
ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɤɚɤ ɨɪɝɚɧɢɡɚɬɨɪ ɦɧɨɝɢɯ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɤɨɧɝɪɟɫɫɨɜ, 
ɤɨɧɮɟɪɟɧɰɢɣ, ɫɢɦɩɨɡɢɭɦɨɜ ɢ ɜɵɫɬɚɜɨɤ.  

Ɂɚ ɚɤɬɢɜɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɨ ɪɚɡɜɢɬɢɸ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɜ 1λλ8 ɝ. Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɷɧɰɢɤɥɨɩɟɞɢɱɟɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ (ɝ. Ʌɨɧɞɨɧ) Ƚɭɫɟɜ 
Ȼ.ȼ. ɩɪɢɡɧɚɧ «ɑɟɥɨɜɟɤɨɦ ɝɨɞɚ», ɜ ɬɨɦ ɠɟ ɝɨɞɭ ɧɚɝɪɚɠɞɺɧ ɨɪɞɟɧɨɦ ɉɨɫɥɨɜ (ɝ. ɇɶɸ-Ƀɨɪɤ).  

Ȼɨɥɶɲɚɹ ɨɛɳɟɫɬɜɟɧɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ Ƚɭɫɟɜɚ Ȼ.ȼ. ɩɪɨɹɜɢɥɚɫɶ ɜ ɪɚɛɨɬɟ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɢɯ ɫɨɜɟɬɨɜ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, ɜ ɗɤɫɩɟɪɬɧɵɯ ɫɨɜɟɬɚɯ ɩɪɢ ɉɪɚɜɢɬɟɥɶɫɬɜɟ 
ɊɎ ɢ ȼɵɫɲɟɣ ɚɬɬɟɫɬɚɰɢɨɧɧɨɣ ɤɨɦɢɫɫɢɢ Ɇɢɧɨɛɪɚɡɨɜɚɧɢɹ ɊɎ, ɪɭɤɨɜɨɞɢɬɟɥɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɵɯ 
ɋɨɜɟɬɨɜ ɢ ɱɥɟɧɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɋɨɜɟɬɨɜ ɪɹɞɚ ɦɢɧɢɫɬɟɪɫɬɜ ɢ ɜɟɞɨɦɫɬɜ Ɋɨɫɫɢɢ. 

Ȼɨɪɢɫ ȼɥɚɞɢɦɢɪɨɜɢɱ Ƚɭɫɟɜ ɧɚɝɪɚɠɞɟɧμ ɡɨɥɨɬɵɦ ɡɧɚɤɨɦ ɋɨɸɡɚ ɩɨɥɶɫɤɢɯ ɫɬɭɞɟɧɬɨɜ, 
Ɂɨɥɨɬɨɣ ɦɟɞɚɥɶɸ Ȼɟɥɨɪɭɫɫɤɨɣ, ɍɤɪɚɢɧɫɤɨɣ, Ƚɪɭɡɢɧɫɤɨɣ, Ʉɚɡɚɯɫɤɨɣ ɢɧɠɟɧɟɪɧɵɯ ɚɤɚɞɟɦɢɣ 
ɢ ɞɪɭɝɢɦɢ ɦɟɞɚɥɹɦɢ ɢ ɩɨɱɟɬɧɵɦɢ ɡɜɚɧɢɹɦɢ ɫɬɪɚɧ ɦɢɪɚ, Ʌɚɭɪɟɚɬ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɟɦɢɢ 
ɋɋɋɊ, ɢɦɟɟɬ ɦɟɞɚɥɶ «Ɂɚ ɬɪɭɞɨɜɨɟ ɨɬɥɢɱɢɟ». əɜɥɹɟɬɫɹ ɉɨɱɟɬɧɵɦ ɞɨɤɬɨɪɨɦ Ƚɪɭɡɢɧɫɤɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ,  ɉɨɱɟɬɧɵɦ ɱɥɟɧɨɦ ɢɧɠɟɧɟɪɧɵɯ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ, Ʉɚɡɚɯɫɬɚɧɚ, 
ɍɤɪɚɢɧɵ, Ȼɟɥɨɪɭɫɫɢɢ, ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɱɥɟɧɨɦ Ⱥɤɚɞɟɦɢɢ ɬɜɨɪɱɟɫɬɜɚ. 

 
 
 
 
 
 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 

7 

ɊɈɋɋɂɃɋɄȺə ɂɇɀȿɇȿɊɇȺə ȺɄȺȾȿɆɂə – ɆɈɓɇɕɃ ȾȼɂȽȺɌȿɅɖ 
ɂɇɌȿȽɊȺɐɂɂ ɂɇɀȿɇȿɊɇɈȽɈ ɋɈɈȻɓȿɋɌȼȺ 

 
Ƚɭɫɟɜ Ȼ.ȼ. 

 
Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɂɧɠɟɧɟɪɧɚɹ Ⱥɤɚɞɟɦɢɹ  

 
 

ȼɨɩɪɨɫ ɨ ɫɨɡɞɚɧɢɢ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ, ɫ ɤɨɬɨɪɵɦ ɜɵɫɬɭɩɢɥɢ ɜɢɞɧɵɟ ɫɨɜɟɬɫɤɢɟ 
ɭɱɟɧɵɟμ ɚɤɚɞɟɦɢɤɢ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɋɋɋɊ Ⱥ.ɘ. ɂɲɥɢɧɫɤɢɣ, Ƚ.Ⱥ. ɇɢɤɨɥɚɟɜ, ɂ.Ⱥ. Ƚɥɟɛɨɜ ɢ Ʉ.ȼ. 
Ɏɪɨɥɨɜ, ɧɟɨɞɧɨɤɪɚɬɧɨ ɨɛɫɭɠɞɚɥɫɹ ɜ ɤɨɧɰɟ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɜ ɰɟɧɬɪɚɥɶɧɵɯ 
ɩɚɪɬɢɣɧɵɯ ɢ ɜɵɫɲɢɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɨɪɝɚɧɚɯ ɫɬɪɚɧɵ. Ɉɞɧɚɤɨ ɪɟɲɟɧɢɟ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 
ɚɤɚɞɟɦɢɢ ɧɟ ɛɵɥɨ ɩɪɢɧɹɬɨ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɨɛɳɟɫɬɜɟɧɧɨɫɬɶ, ɩɨɧɢɦɚɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢ ɜɚɠɧɨɫɬɶ 
ɫɨɡɞɚɧɢɹ ɟɞɢɧɨɝɨ ɨɪɝɚɧɚ, ɤɨɧɫɨɥɢɞɢɪɭɸɳɟɝɨ ɢɧɠɟɧɟɪɧɨɟ ɫɨɨɛɳɟɫɬɜɨ ɫɬɪɚɧɵ, ɧɚɱɚɥɚ ɚɤɬɢɜɧɵɣ 
ɩɪɨɰɟɫɫ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɞ ɞɪɭɝɢɦɢ ɪɚɡɥɢɱɧɵɦɢ ɧɚɡɜɚɧɢɹɦɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɟɪɶɟɡɧɨɣ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɪɟɞɢ ɨɪɝɚɧɢɡɚɰɢɣ 
ɋɨɸɡɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɨɛɳɟɫɬɜ ɋɋɋɊ ɢ ɪɹɞɚ ɤɪɭɩɧɟɣɲɢɯ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ 
ɢɧɫɬɢɬɭɬɨɜ (ɇɂɂ), ɛɵɥɚ ɨɪɝɚɧɢɡɨɜɚɧɚ Ɏɟɞɟɪɚɰɢɹ ɢɧɠɟɧɟɪɨɜ ɋɋɋɊ. 

ȼ ɪɚɦɤɚɯ Ɏɟɞɟɪɚɰɢɢ ɛɵɥ ɫɨɡɞɚɧ ɨɪɝɤɨɦɢɬɟɬ ɩɨ ɮɨɪɦɢɪɨɜɚɧɢɸ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ 
ɋɋɋɊ (ɩɪɟɞɫɟɞɚɬɟɥɶ – ɜɢɰɟ-ɩɪɟɡɢɞɟɧɬ Ɏɟɞɟɪɚɰɢɢ ɢɧɠɟɧɟɪɨɜ ɋɋɋɊ Ȼ.ȼ.Ƚɭɫɟɜ), ɤɨɬɨɪɵɣ ɜ 
ɬɟɱɟɧɢɟ 1λ8λ–1λλ0 ɝɨɞɨɜ ɩɪɨɜɟɥ ɚɤɬɢɜɧɭɸ ɢ ɩɥɨɞɨɬɜɨɪɧɭɸ ɪɚɛɨɬɭ ɩɨ ɩɨɞɝɨɬɨɜɤɟ 
ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɦɧɟɧɢɹ ɧɚ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɛɵɜɲɟɝɨ ɋɋɋɊ. ȼ ɢɬɨɝɟ ɧɚ ɩɟɪɜɨɦ Ɉɛɳɟɦ ɫɨɛɪɚɧɢɢ 
ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ (ɩɪɨɬɨɤɨɥ № 1 ɨɬ β4 ɦɚɪɬɚ 1λλ0 ɝ.) ɛɵɥ ɩɪɢɧɹɬ ɍɫɬɚɜ, ɜɵɛɪɚɧɵ 
ɩɟɪɜɵɟ β5 ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɥɟɧɨɜ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ, ɢ ɢɡɛɪɚɧ ɩɟɪɜɵɣ ɩɪɟɡɢɞɟɧɬ 
ɚɤɚɞɟɦɢɢ – Ȼ.ȼ. Ƚɭɫɟɜ. 

Ɋɟɲɟɧɢɟɦ ɂɫɩɨɥɤɨɦɚ Ɍɢɦɢɪɹɡɟɜɫɤɨɝɨ ɪɚɣɨɧɧɨɝɨ ɋɨɜɟɬɚ ɧɚɪɨɞɧɵɯ ɞɟɩɭɬɚɬɨɜ ɨɬ 1γ ɦɚɹ 
1λλ0 ɝɨɞɚ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɟɪɜɚɹ ɪɟɝɢɫɬɪɚɰɢɹ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ. 

ɉɨɧɢɦɚɹ, ɤɚɤ ɫɥɨɠɧɨ ɛɭɞɟɬ ɩɨɥɭɱɢɬɶ ɩɪɢɡɧɚɧɢɟ ɛɟɡ ɩɨɞɞɟɪɠɤɢɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ 
ɫɬɪɭɤɬɭɪ, ɉɪɟɡɢɞɢɭɦ ɚɤɚɞɟɦɢɢ ɧɚɱɚɥ ɚɤɬɢɜɧɵɣ ɩɪɨɰɟɫɫ ɭɬɜɟɪɠɞɟɧɢɹ ɍɫɬɚɜɚ ɚɤɚɞɟɦɢɢ ɜ 
ɦɢɧɢɫɬɟɪɫɬɜɚɯ ɢ ɜɟɞɨɦɫɬɜɚɯ ɋɋɋɊ ɢ ɊɋɎɋɊ. ɍɠɟ β1 ɦɚɹ 1λλ0 ɝɨɞɚ ɍɫɬɚɜ ɂɧɠɟɧɟɪɧɨɣ 
ɚɤɚɞɟɦɢɢ ɛɵɥ ɭɬɜɟɪɠɞɟɧ ɜ Ɇɢɧɜɭɡɟ ɊɋɎɋɊ, ɡɚɬɟɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨμ βλ ɦɚɹ – 
Ɇɢɧɚɜɬɨɫɟɥɶɯɨɡɦɚɲ ɋɋɋɊ ɢ Ƚɨɫɤɨɦɥɟɫ ɋɋɋɊ, 1 ɢɸɧɹ – Ɇɢɧɷɥɟɤɬɪɨɩɪɨɦ ɋɋɋɊ, 7 ɢɸɧɹ – 
Ɇɢɧɧɟɮɬɟɝɚɡɫɬɪɨɣ ɋɋɋɊ ɢ ɋɨɸɡɫɬɪɨɣɦɚɬɟɪɢɚɥɵ, 1γ ɢɸɧɹ – Ɇɢɧɷɧɟɪɝɨ ɋɋɋɊ ɢ 
Ɇɢɧɭɪɚɥɫɢɛɫɬɪɨɣ ɊɋɎɋɊ, 15 ɢɸɧɹ – Ɇɢɧɦɟɞɩɪɨɦ ɋɋɋɊ, 16 ɢɸɧɹ – Ɇɢɧɬɪɚɧɫɫɬɪɨɣ ɋɋɋɊ ɢ 
Ɇɢɧɫɟɜɡɚɩɫɬɪɨɣ ɊɋɎɋɊ, 1λ ɢɸɥɹ – Ɇɢɧɦɨɧɬɚɠɫɩɟɰɫɬɪɨɣ ɋɋɋɊ ɢ Ɇɢɧɜɨɫɬɨɤɫɬɪɨɣ ɊɋɎɋɊ, β4 
ɢɸɥɹ – Ɇɢɧɫɭɞɩɪɨɦ ɋɋɋɊ, ɚ ɡɚɬɟɦ ɢ ɜ ɞɪɭɝɢɯ ɦɢɧɢɫɬɟɪɫɬɜɚɯ ɢ ɜɟɞɨɦɫɬɜɚɯ. 

ɍɫɬɚɜ ɭɬɜɟɪɞɢɥɢ ɦɢɧɢɫɬɪɵ (ɪɭɤɨɜɨɞɢɬɟɥɢ ɜɟɞɨɦɫɬɜ) ɢɥɢ ɡɚɦɟɫɬɢɬɟɥɢ ɦɢɧɢɫɬɪɨɜ 
(ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɜɟɞɨɦɫɬɜ)μ Ɉ.Ƚ. Ⱥɧɮɢɦɨɜ, ɘ.ɉ. Ȼɚɬɚɥɢɧ, Ȼ.ɇ. Ȼɟɥɨɭɫɨɜ, ɂ.ɇ. Ȼɭɤɪɟɟɜ,                      
ȼ.Ɇ. ȼɟɥɢɱɤɨ, ȼ.ɇ. Ɂɚɛɟɥɢɧ, ɋ.ȼ. Ʉɨɥɩɚɤɨɜ, ȿ.Ȼ. Ʌɟɜɢɱɟɜ, Ⱥ.ɂ. Ɇɚɤɚɪɟɧɤɨ, ɘ.Ʌ. ɇɚɡɚɪɨɜ,                 
ɂ.Ɏ. Ɉɛɪɚɡɰɨɜ, ɇ.Ⱥ. ɉɚɧɢɱɟɜ, ɗ.Ʉ. ɉɟɪɜɵɲɢɧ, ɉ.Ⱥ. ɉɨɥɚɞ-Ɂɚɞɟ, ȼ.ɂ. Ɋɟɲɟɬɢɥɨɜ, Ƚ.Ȼ. ɋɬɪɨɝɚɧɨɜ, 
ȼ.ɂ. ɋɭɯɢɯ, ȿ.ȼ. Ɏɢɥɢɩɩɨɜ, ȼ.ɋ. ɑɟɪɧɨɦɵɪɞɢɧ, ȼ.Ƚ. ɑɢɪɫɤɨɜ, Ɇ.ɋ. ɒɤɚɛɚɪɞɧɹ, Ɇ.ɂ. ɓɚɞɨɜ ɢ ɞɪ. 

Ȼɨɥɶɲɭɸ ɩɨɞɞɟɪɠɤɭ ɜ ɫɬɚɧɨɜɥɟɧɢɢ ɢ ɪɚɡɜɢɬɢɢ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ ɨɤɚɡɚɥɢμ 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɤɨɦɢɬɟɬ ɋɋɋɊ ɩɨ ɧɚɭɤɟ ɢ ɬɟɯɧɨɥɨɝɢɹɦ (ɚɤɚɞɟɦɢɤ ɇ.ɉ. Ʌɚɜɟɪɨɜ), Ⱥɤɚɞɟɦɢɹ 
ɧɚɭɤ ɋɋɋɊ (ɚɤɚɞɟɦɢɤ Ƚ.ɂ. Ɇɚɪɱɭɤ), ɉɪɟɡɢɞɢɭɦ ɋɨɸɡɚ ɧɚɭɱɧɵɯ ɢ ɢɧɠɟɧɟɪɧɵɯ ɨɛɳɟɫɬɜ ɋɋɋɊ 
(ɚɤɚɞɟɦɢɤ Ⱥ.ɘ. ɂɲɥɢɧɫɤɢɣ) ɢ ɉɪɚɜɥɟɧɢɟ ɇɚɭɱɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɫɨɸɡɚ ɋɋɋɊ (Ⱥ.ɂ. ȼɨɥɶɫɤɢɣ). 

ȼɟɫɨɦɵɣ ɜɤɥɚɞ ɜ ɨɪɝɚɧɢɡɚɰɢɸ ɞɟɹɬɟɥɶɧɨɫɬɢ ɚɤɚɞɟɦɢɢ ɨɤɚɡɚɥɢ ɚɤɚɞɟɦɢɤɢ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ 
(Ⱥɇ) ɋɋɋɊ Ⱥ.ɘ. ɂɲɥɢɧɫɤɢɣ, Ȼ.ȿ. ɉɚɬɨɧ, Ʉ.ȼ. Ɏɪɨɥɨɜ ɢ ɋɨɜɟɬ ɫɬɚɪɟɣɲɢɧ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɹɥ ɢɡ 
ɚɤɚɞɟɦɢɤɨɜȺɇ ɋɋɋɊ. ɋɨɩɪɟɞɫɟɞɚɬɟɥɹɦɢ ɋɨɜɟɬɚ ɫɬɚɪɟɣɲɢɧ ɚɤɚɞɟɦɢɢ ɛɵɥɢ ɢɡɛɪɚɧɵ                     
Ⱥ.ɘ. ɂɲɥɢɧɫɤɢɣ, ɂ.Ⱥ. Ƚɥɟɛɨɜ, ɚ ɱɥɟɧɚɦɢ ɋɨɜɟɬɚ – ɋ.ȼ. ȼɨɧɫɨɜɫɤɢɣ, Ⱦ.Ƚ. ɀɢɦɟɪɢɧ,                      
Ȼ.ɉ. ɀɭɤɨɜ, ɇ.ɇ. Ʉɨɜɚɥɟɜ, Ʉ.ɋ. Ʉɨɥɟɫɧɢɤɨɜ, ə.Ɇ. Ʉɨɥɨɬɵɪɤɢɧ, ɋ.ȼ. Ʉɨɥɩɚɤɨɜ, ȼ.Ⱥ. Ʉɨɬɟɥɶɧɢɤɨɜ, 
ɇ.Ⱦ. Ʉɭɡɧɟɰɨɜ, Ȼ.ɇ. Ʌɚɫɤɨɪɢɧ, Ƚ.Ɏ. ɇɢɤɨɥɚɟɜ, Ȼ.ȿ ɉɚɬɨɧ, Ƚ.ɉ. ɋɜɢɳɟɜ, Ʉ.ɋ. ɋɢɥɢɧ. 

Ȼɨɥɶɲɭɸ ɥɟɩɬɭ ɜ ɫɬɚɧɨɜɥɟɧɢɟ ɚɤɚɞɟɦɢɢ ɜɧɟɫɥɢ ɤɪɭɩɧɵɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɞɟɹɬɟɥɢ ɢ 
ɨɪɝɚɧɢɡɚɬɨɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜɵɞɚɸɳɢɟɫɹ ɭɱɟɧɵɟ ɢ ɢɧɠɟɧɟɪɵ-ɩɪɚɤɬɢɤɢμ ɋ.Ⱥ. Ⱥɛɞɪɚɢɦɨɜ,                   
ȼ.ɇ. Ⱥɧɰɢɮɟɪɨɜ, ɘ.ɉ. Ȼɚɬɚɥɢɧ, ȼ.Ɇ. Ȼɨɧɞɚɪɟɧɤɨ, Ȼ.ȼ. Ȼɭɞɡɭɥɹɤ, ɂ.ɇ. Ȼɭɤɪɟɟɜ, ɋ.ɇ. Ȼɭɥɝɚɤɨɜ,  
Ⱥ.ɂ. ȼɚɫɢɥɶɟɜ, ɘ.ɋ. ȼɚɫɢɥɶɟɜ, Ʌ.ɂ. ȼɨɥɤɨɜ, ɂ.ɂ. ȼɨɪɨɜɢɱ, ɍ.Ⱥ. Ⱦɠɨɥɞɚɫɛɟɤɨɜ,                                
Ȼ.Ɍ. ɀɭɦɚɝɭɥɨɜ, ȼ.Ʉ. Ʉɚɛɭɥɨɜ, ȼ.ə. Ʉɚɪɟɥɢɧ, ɂ.ɉ. Ʉɫɟɧɟɜɢɱ, Ƚ.ȿ. Ʌɨɡɢɧɨ-Ʌɨɡɢɧɫɤɢɣ,                        



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 
8 

Ⱥ.Ɏ. Ɇɟɯɬɢɟɜ,   ɂ.ȼ. ɉɪɚɧɝɢɲɜɢɥɢ, Ȼ.ɋ. ɋɚɠɢɧ, ɘ.ɉ. ɋɚɦɚɪɢɧ, Ⱥ.ɇ. ɋɟɦɟɧɨɜ, Ⱥ.ɂ. Ɏɟɞɨɬɨɜ, 
ɘ.ȿ. ɏɨɞɠɚɦɢɪɹɧ,   ɘ.Ⱥ. əɲɢɧ. 

ɉɪɢɦɟɪɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɩɪɢɡɧɚɧɢɹ ɫɬɚɥɨ ɩɪɢɧɹɬɢɟ ββ ɚɜɝɭɫɬɚ 1991 ɝɨɞɚ ɉɨɫɬɚɧɨɜɥ-
ɟɧɢɹ Гɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɤɨɦɢɬɟɬɚ ɋɋɋɊ ɩɨ ɧɚɭɤɟ ɢ ɬɟɯɧɨɥɨɝɢɹɦ, ɩɨɞɩɢɫɚɧɧɨɟ ɡɚɦɟɫɬɢɬɟɥɟɦ 
ɉɪɟɞɫɟɞɚɬɟɥɹ ɋɨɜɟɬɚ ɦɢɧɢɫɬɪɨɜ ɋɋɋɊ, ɩɪɟɞɫɟɞɚɬɟɥɟɦ ГɄɇɌ, ɚɤɚɞɟɦɢɤɨɦ Ⱥɇ ɋɋɋɊ 

ɇ.ɉ. Ʌɚɜɟɪɨɜɵɦ «Ɉɛ Иɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ». Эɬɢɦ ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ ɩɨɞ ɧɚɭɱɧɨ-
ɦɟɬɨɞɢɱɟɫɤɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɚɤɚɞɟɦɢɢ ɛɵɥɨ ɩɟɪɟɞɚɧɨ ɛɨɥɟɟ 100 ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɨɛɴɟɞɢɧɟɧɢɣ, ɇИИ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɛɸɪɨ (ɄȻ). 

Ʉ ɤɨɧɰɭ 1λλ1 ɝɨɞɚ ɛɵɥɚ ɡɚɥɨɠɟɧɚ ɩɪɨɱɧɚɹ ɨɫɧɨɜɚ ɚɤɚɞɟɦɢɢ – ɢɡɛɪɚɧɵ γγ8 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɥɟɧɨɜ ɢ ɱɥɟɧɨɜ-ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɜ ɢɡ 10 ɪɟɫɩɭɛɥɢɤ ɋɋɋɊ. ɋɪɟɞɢ ɱɥɟɧɨɜ 
ɚɤɚɞɟɦɢɢ – ɜɟɞɭɳɢɟ ɭɱɟɧɵɟ ɢ ɩɟɞɚɝɨɝɢ, ɤɪɭɩɧɵɟ ɨɪɝɚɧɢɡɚɬɨɪɵ ɧɚɭɤɢ, ɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜɧɟɫɲɢɟ ɛɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɧɚɭɱɧɨɟ ɢ ɢɧɠɟɧɟɪɧɨɟ ɪɚɡɜɢɬɢɟ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ 
ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɫɬɪɚɧɵ. 

ȼ 1λλ0–1λλ1 ɝɝ. ɧɚɱɢɧɚɟɬɫɹ ɚɤɬɢɜɧɵɣ ɩɪɨɰɟɫɫ ɩɨ ɫɨɡɞɚɧɢɸ ɩɟɪɜɵɯ ɮɢɥɢɚɥɨɜ 
ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ. ɉɨɫɬɚɧɨɜɥɟɧɢɹɦɢ ɉɪɟɡɢɞɢɭɦɚ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɋɋɋɊ 
ɛɵɥɢ ɫɨɡɞɚɧɵ ɮɢɥɢɚɥɵμ Ʌɟɧɢɧɝɪɚɞɫɤɢɣ – ɨɬ 18 ɢɸɧɹ 1λλ0 ɝ., ɘɠɧɨ-ɍɤɪɚɢɧɫɤɢɣ – ɨɬ 30 
ɚɜɝɭɫɬɚ 1λλ0 ɝ., ɍɪɚɥɶɫɤɢɣ – ɨɬ γ0 ɨɤɬɹɛɪɹ 1λλ0 ɝ., Ɍɭɪɤɦɟɧɫɤɢɣ – ɨɬ 1β ɧɨɹɛɪɹ 1λλ0 ɝ., 
Ⱥɥɬɚɣɫɤɢɣ ɢ ɉɪɢɞɧɟɩɪɨɜɫɤɢɣ – ɨɬ 17 ɹɧɜɚɪɹ 1λλ1 ɝ., Ɍɨɦɫɤɢɣ, ɋɚɦɚɪɫɤɢɣ, Ʉɭɡɛɚɫɫɤɢɣ, 
Ɉɦɫɤɢɣ, Ƚɨɦɟɥɶɫɤɢɣ, ɉɟɪɦɫɤɢɣ – ɨɬ 14 ɦɚɪɬɚ 1λλ1 ɝ. ɋ ɚɩɪɟɥɹ 1λλ1 ɝɨɞɚ ɮɨɪɦɢɪɭɸɬɫɹ ɧɨɜɵɟ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɨɬɞɟɥɟɧɢɹ, ɢ ɩɪɨɢɫɯɨɞɢɬ ɭɤɪɭɩɧɟɧɢɟ ɞɟɣɫɬɜɭɸɳɢɯ ɮɢɥɢɚɥɨɜ ɚɤɚɞɟɦɢɢ. Ȼɵɥɢ 
ɫɨɡɞɚɧɵ Ʌɟɧɢɧɝɪɚɞɫɤɨɟ, ɋɢɛɢɪɫɤɨɟ, ɍɪɚɥɶɫɤɨɟ, ɍɤɪɚɢɧɫɤɨɟ, Ʉɚɡɚɯɫɤɨɟ, ɍɡɛɟɤɫɤɨɟ, 
Ɍɚɞɠɢɤɫɤɨɟ, Ɍɭɪɤɦɟɧɫɤɨɟ, Ʉɢɪɝɢɡɫɤɨɟ ɢ ɞɪɭɝɢɟ ɨɬɞɟɥɟɧɢɹ ɚɤɚɞɟɦɢɢ. 

ɂɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ ɋɋɋɊ ɫ ɫɚɦɨɝɨ ɧɚɱɚɥɚ ɫɜɨɟɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɪɚɡɜɟɪɧɭɥɚ 
ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɭɸ ɪɚɛɨɬɭ ɩɨ ɭɫɢɥɟɧɢɸ ɫɜɹɡɢ ɧɚɭɤɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɨ ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɭɫɤɨɪɟɧɧɨɣ ɢɯ ɚɞɚɩɬɚɰɢɢ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɪɚɡɜɚɥɨɦ ɋɋɋɊ ɧɚ ɛɚɡɟ ɚɤɚɞɟɦɢɢ Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɸɫɬɢɰɢɢ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ β4 ɞɟɤɚɛɪɹ 1λλ1 ɝɨɞɚ ɛɵɥɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɚ ɨɛɳɟɪɨɫɫɢɣɫɤɚɹ 
ɨɛɳɟɫɬɜɟɧɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ «Ɋɨɫɫɢɣɫɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ» (ɊɂȺ), ɚ 10 ɮɟɜɪɚɥɹ 1λλβ ɝɨɞɚ 
ɩɨɥɭɱɢɥɚ ɪɟɝɢɫɬɪɚɰɢɸ Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɢɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ (ɆɂȺ). ɉɪɟɡɢɞɟɧɬɨɦ ɊɂȺ ɢ 
ɆɂȺ ɛɵɥ ɢɡɛɪɚɧ Ȼ.ȼ. Ƚɭɫɟɜ. 

ȼ 1λλγ ɝɨɞɭ ɊɂȺ ɩɨɥɭɱɢɥɚ ɤɨɧɫɭɥɶɬɚɬɢɜɧɵɣ ɫɬɚɬɭɫ ɜ ɘɇɂȾɈ (ɈɈɇ ɩɨ 
ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɪɚɡɜɢɬɢɸ), ɚ ɜ 1λλ7 ɝɨɞɭ ɛɵɥɚ ɜɤɥɸɱɟɧɚ ɜ ɘɇȿɋɄɈ ɜ ɱɢɫɥɨ ɷɤɫɩɟɪɬɧɵɯ 
ɨɪɝɚɧɢɡɚɰɢɣ ɩɨ ɧɨɜɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɜ ɐɟɧɬɪɚɥɶɧɨɣ ɢ ȼɨɫɬɨɱɧɨɣ ȿɜɪɨɩɟ. ȼ β001 ɢ ɜ β004 ɝɨɞɚɯ 
ɊɂȺ ɭɫɩɟɲɧɨ ɩɪɨɲɥɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɭɸ ɚɤɤɪɟɞɢɬɚɰɢɸ ɜ ɊɎ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɨɫɬɚɜ ɊɂȺɜɯɨɞɢɬ ɛɨɥɟɟ 1γ50 ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɥɟɧɨɜ ɢ ɱɥɟɧɨɜ-
ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɜ – ɜɢɞɧɵɯ ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ, ɢɧɠɟɧɟɪɨɜ ɢ ɨɪɝɚɧɢɡɚɬɨɪɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɫɜɵɲɟ β00 ɤɨɥɥɟɤɬɢɜɧɵɯ ɱɥɟɧɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɤɪɭɩɧɟɣɲɢɦɢ ɪɨɫɫɢɣɫɤɢɦɢ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɢɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ 40 ɪɟɝɢɨɧɚɥɶɧɵɯ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ 
ɫɬɪɭɤɬɭɪ – ɨɬɞɟɥɟɧɢɣ ɊɂȺ. 

ɊɂȺ ɩɪɨɜɨɞɢɬ ɛɨɥɶɲɭɸ ɪɚɛɨɬɭ ɩɨ ɪɚɡɜɢɬɢɸ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɧɚɭɤɟ, 
ɫɨɡɞɚɧɢɸ ɨɛɪɚɡɰɨɜ ɧɨɜɨɣ ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɨɪɝɚɧɢɡɚɰɢɢ ɷɮɮɟɤɬɢɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɪɨɫɫɢɣɫɤɨɝɨ ɢɧɠɟɧɟɪɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ. 

Ɂɚ ɞɜɚɞɰɚɬɢɩɹɬɢɥɟɬɧɢɣ ɩɟɪɢɨɞ ɪɚɛɨɬɵ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɨɤɨɥɨ 4,5 ɬɵɫ. ɧɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɣ, ɨɩɭɛɥɢɤɨɜɚɧɨ ɛɨɥɟɟ 6,5 ɬɵɫ. ɦɨɧɨɝɪɚɮɢɣ, ɩɨɥɭɱɟɧɨ ɫɜɵɲɟ ɱɟɬɵɪɟɯ ɬɵɫɹɱ 
ɩɚɬɟɧɬɨɜ; ɨɩɭɛɥɢɤɨɜɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɬɟɣ, ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ – ɜ ɨɛɥɚɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ Д1–β6Ж. Ʌɚɭɪɟɚɬɚɦɢ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɩɪɟɦɢɣ ɢ 
ɩɪɟɦɢɣ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɋɋɋɊ ɢ ɊɎ ɫɬɚɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ β0λ ɢ γ76 ɱɥɟɧɨɜ ɊɂȺ. ȿɠɟɝɨɞɧɵɣ 
ɨɛɴɟɦ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ, ɩɪɨɟɤɬɧɵɯ ɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɪɚɛɨɬ ɜ ɨɛɥɚɫɬɢ ɢɧɠɟɧɟɪɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɂȺ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,5 ɞɨ 1 ɦɥɪɞ ɪɭɛɥɟɣ. 

ȼ ɱɢɫɥɟ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɂȺμ 
 ɢɧɮɨɪɦɚɬɢɡɚɰɢɹ ɨɛɳɟɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ; Ⱥɜɬɨɦɨɛɢɥɶɧɚɹ ɪɚɡɜɹɡɤɚ ɜ Ɇɨɫɤɜɟ, ɩɟɪɟɫɟɱɟɧɢɟ Ɇɨɫɤɨɜɫɤɨɣ ɤɨɥɶɰɟɜɨɣ 
ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ (ɩɚɬɟɧɬ ɊɂȺ) 
 ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɢ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ; 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɡɞɟɥɢɣ ɢ ɬɟɯɧɨɥɨɝɢɣ ɞɜɨɣɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɜɵɫɨɤɨ-
ɬɟɯɧɨɥɨɝɢɱɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɞɢɜɟɪɫɢɮɢɤɚɰɢɹ ɨɛɨɪɨɧɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ; 
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 ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ. ȼɵɟɡɞɧɨɟ ɡɚɫɟɞɚɧɢɟ 
ɉɪɟɡɢɞɢɭɦɚ ɊɂȺ ɜ ɝ. Ɉɦɫɤɟ 

ɇɨ, ɧɟɫɨɦɧɟɧɧɨ, ɝɥɚɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɂȺ, ɩɨ ɤɨɬɨɪɨɦɭ ɪɟɚɥɢɡɭɸɬɫɹ 
ɤɪɭɩɧɵɟ ɩɪɨɟɤɬɵ, ɹɜɥɹɟɬɫɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ. Ɂɧɚɱɢɦɵɟ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɱɥɟɧɚɦɢ ɚɤɚɞɟɦɢɢ ɜ ɨɛɥɚɫɬɢ ɫɭɞɨɫɬɪɨɟɧɢɹ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɚ ɛɚɡɟ 
ɩɪɟɞɩɪɢɹɬɢɹ «Ⱥɞɦɢɪɚɥɬɟɣɫɤɢɟ ɜɟɪɮɢ»μ ɫɨɡɞɚɧɵ ɧɨɜɵɟ ɤɥɚɫɫɵ ɚɪɤɬɢɱɟɫɤɢɯ ɫɭɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɫɭɯɨɝɪɭɡɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɣ ɥɟɞɨɤɨɥɨɜ ɜɨ ɥɶɞɚɯ ɬɨɥɳɢɧɨɣ ɞɨ β ɦɟɬɪɨɜ. ȼ 
ɩɚɪɬɧɟɪɫɬɜɟ ɫ ɤɨɦɩɚɧɢɹɦɢ ɜɟɞɭɳɢɯ ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɫɬɪɚɧ ɚɤɚɞɟɦɢɹ ɚɤɬɢɜɧɨ ɭɱɚɫɬɜɭɟɬ ɜ 
ɫɨɡɞɚɧɢɢ ɫɥɨɠɧɵɯ ɦɨɪɫɤɢɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɩɨɞɜɨɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ-
ɪɨɛɨɬɨɜ. ɋɭɬɶ ɩɪɨɟɤɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɨɞɜɨɞɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɟɪɜɢɫɚ ɧɚ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦ ɲɟɥɶɮɟ, ɜ ɩɨɪɬɚɯ, ɨɡɟɪɚɯ ɢ ɜɨɞɧɵɯ ɩɭɬɹɯ. 

Ɋɨɫɫɢɣɫɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ ɩɪɨɜɨɞɢɬ ɲɢɪɨɤɢɣ ɤɨɦɩɥɟɤɫ ɪɚɛɨɬ ɩɨ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɸ. Ɋɟɱɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɞɟɬ ɨ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢμ 
 ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɹɯ – ɷɬɨ ɜɵɫɨɤɨɧɚɞɟɠɧɵɟ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ 
ɨɫɧɨɜɟ ɲɢɪɨɤɨɣ ɝɚɦɦɵ ɭɝɥɟɪɨɞɧɵɯ, ɚɪɚɦɢɞɧɵɯ ɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɜɨɥɨɤɨɧ (ɜɵɫɨɤɨɦɨɞɭɥɶɧɵɟ 
ɚɪɦɢɪɨɜɚɧɧɵɟ ɤɨɦɩɨɡɢɬɵ); 
 ɞɥɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ – ɧɨɜɵɟ ɜɢɞɵ ɫɬɚɥɟɣ ɢ ɥɟɝɤɢɯ ɫɩɥɚɜɨɜ; 
 ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɫɬɚɥɟɣ ɢ ɛɟɬɨɧɨɜ, ɫɬɨɣɤɢɯ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɚɝɪɟɫɫɢɢ. 

ɇɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɛɟɬɨɧɨɜ ɢ ɦɟɬɚɥɥɨɜ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɨɜɵɲɚɟɬ ɢɯ ɩɪɨɱɧɨɫɬɶ, ɚ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɜ γ…7 ɪɚɡ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚ ɩɪɚɤɬɢɤɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
ɨɥɢɦɩɢɣɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɋɨɱɢ. 

Ⱥɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɧɨɜɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɪɚɛɨɬɟ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɫɟɣɫɦɢɤɢ ɢ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 
ɠɢɜɭɱɟɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɟɞɧɚɩɪɹɠɟɧɢɟ ɫ ɭɫɢɥɟɧɢɟɦ 
ɡɞɚɧɢɹ ɤɚɧɚɬɚɦɢ ɜ ɩɨɫɬɪɨɟɱɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ (ɩɥɨɬɢɧ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɢ ɞɪ.), ɨɰɟɧɤɢ ɫɥɚɛɵɯ ɡɨɧ ɢɥɢ ɦɟɫɬ, ɤɨɬɨɪɵɟ 
ɩɪɢ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ ɤɨɧ ɫɬɪɭɤɰɢɸ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɩɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ γD ɢɡɦɟɪɟɧɢɣ. 

ȼ ɨɛɥɚɫɬɢ ɷɧɟɪɝɟɬɢɤɢ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɹ ɩɪɟɞɥɚɝɚɸɬɫɹ ɪɟɲɟɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɛɨɥɟɟ 70%, ɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ 
– ɜɵɲɟ λ0%, ɚ ɬɚɤɠɟ ɩɟɪɟɯɨɞ ɨɬ 20-ɥɟɬɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ (ɜ ɩɟɪɜɨɦ ɪɹɞɭ – 
ɦɢɧɢɫɬɪɵ-ɭɱɪɟɞɢɬɟɥɢ) ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɤ ɦɨɛɢɥɶɧɵɦ ɫɢɫɬɟɦɚɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ⱥɤɬɢɜɧɨ 
ɜɟɞɭɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɧɟɬɪɚɞɢɰɢɨɧɧɨɣ ɷɧɟɪɝɟɬɢɤɟμ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɜ, 
ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɧɚɝɪɟɜɚɬɟɥɟɣ ɞɥɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɢ ɞɪ. 

ȼ ɚɤɚɞɟɦɢɢ ɲɢɪɨɤɨ ɢɡɭɱɚɸɬɫɹ ɜɨɥɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɨɡɞɚɜɚɬɶ 
ɪɚɡɥɢɱɧɵɟ ɪɟɠɢɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɢɨɪɟɡɨɧɚɧɫɧɵɟ ɜ ɷɦɭɥɶɫɢɹɯ ɢ ɫɭɫɩɟɧɡɢɹɯ, ɢ ɨɛɟɫɩɟɱɢɬɶ 
ɩɨɥɭɱɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɝɨɦɨɝɟɧɧɨɫɬɢ. Ɉɫɨɛɟɧɧɨ ɫɟɪɶɟɡɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜɨɥɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ɛɟɧɡɢɧɚ ɢ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 
ɉɨɥɭɱɟɧɵ ɧɟɪɚɫɫɥɚɢɜɚɟɦɵɟ ɷɦɭɥɶɫɢɢ ɬɢɩɚ «ɬɨɩɥɢɜɨ-ɜɨɞɚ» ɧɚ ɜɨɥɧɨɜɵɯ ɝɟɧɟɪɚɬɨɪɚɯ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɲɚɬɶ ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɬɨɩɥɢɜɚ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɫɧɢɠɟɧɢɟɦ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ 
ɜ ɚɬɦɨɫɮɟɪɭ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɢ ɚɡɨɬɚ. Ɋɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɫɢɧɬɟɡɚ ɛɢɨɝɚɡɚ ɜ 
ɪɟɚɤɬɨɪɚɯ ɧɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢμ ɩɟɪɟɪɚɛɨɬɤɚ ɛɢɨɦɚɫɫɵ ɜ ɪɟɚɤɬɨɪɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨ-
ɤɪɟɤɢɧɝɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦ ɩɭɬɟɦ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɫɬɟɫɬ-
ɜɟɧɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɫɭɛɫɬɚɧɰɢɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɨɪɸɱɢɯ ɝɚɡɨɜ, ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ɋɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɢɥɚɫɶ «ɝɟɨɝɪɚɮɢɹ» ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɊɂȺ. Ɍɚɤ, 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɪɚɛɨɬɵ ɛɨɥɶɲɢɧɫɬɜɚ 
ɪɟɝɢɨɧɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪ. ɋɪɟɞɢ ɧɢɯμ 
 ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ (Ȼɚɲɤɨɪɬɨɫɬɚɧɫɤɨɟ ɨɬɞɟɥɟɧɢɟ); 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɧɠɟɧɟɪɧɵɯ 
ɪɚɡɪɚɛɨɬɨɤ ɨɛɨɪɨɧɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (Ɇɨɫɤɨɜɫɤɨɟ ɨɛɥɚɫɬɧɨɟ ɨɬɞɟɥɟɧɢɟ); 
 ɫɨɡɞɚɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɩɨ ɨɰɟɧɤɟ ɨɫɬɚɬɨɱɧɨɝɨ ɪɟɫɭɪɫɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨɞ 
ɛɨɥɶɲɢɦ ɞɚɜɥɟɧɢɟɦ (ɂɪɤɭɬɫɤɨɟ ɨɬɞɟɥɟɧɢɟ); 
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 ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɚɞɚɩɬɢɜɧɵɯ ɢ ɫɚɦɨɧɚɫɬɪɚɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɦɧɨɝɨɫɜɹɡɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ ɩɟɪɟɦɟɧɧɨɫɬɢ 
ɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɉɪɢɦɨɪɫɤɨɟ ɨɬɞɟɥɟɧɢɟ); 
 ɦɢɤɪɨ- ɢ ɧɚɧɨɬɪɢɛɨɥɨɝɢɹ, ɫɨɡɞɚɧɢɟ ɧɚɧɨɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɉɫɤɨɜɫɤɨɟ 
ɨɬɞɟɥɟɧɢɟ); 
 ɩɨɫɬɪɨɟɧɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (Ɍɨɦɫɤɨɟ 
ɨɬɞɟɥɟɧɢɟ); 
 ɩɟɪɟɪɚɛɨɬɤɚ ɬɟɯɧɨɝɟɧɧɵɯ ɨɬɯɨɞɨɜ, ɧɚɤɨɩɢɜɲɢɯɫɹ ɡɚ γ00 ɥɟɬ ɪɚɛɨɬɵ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɍɪɚɥɚ 
(ɋɜɟɪɞɥɨɜɫɤɨɟ ɨɬɞɟɥɟɧɢɟ); 
 ɪɚɡɪɚɛɨɬɤɚ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɧɟ ɬɨɥɶɤɨ ɨɬɫɥɟɠɢɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɟɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɧɨ ɢ ɞɚɜɚɬɶ ɩɪɨɝɧɨɡɵ ɧɚɩɪɚɜɥɟɧɢɹ 
ɝɟɨɤɪɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (əɤɭɬɫɤɨɟ ɨɬɞɟɥɟɧɢɟ) ɢ ɞɪ. 

ɊɂȺ ɜɵɫɬɭɩɚɥɚ ɢ ɜɵɫɬɭɩɚɟɬ ɚɤɬɢɜɧɵɦ ɨɪɝɚɧɢɡɚɬɨɪɨɦ ɤɪɭɩɧɵɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɢ 
ɜɫɟɪɨɫɫɢɣɫɤɢɯ ɮɨɪɭɦɨɜ. ɋɪɟɞɢ ɧɢɯμ I ɢ II ɋɴɟɡɞɵ ɢɧɠɟɧɟɪɨɜ Ɋɨɫɫɢɢ ɢ ɫɭɛɴɟɤɬɨɜ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ, ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «Ɋɟɡɟɪɜɵ ɭɫɤɨɪɟɧɢɹ 
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɢ ɭɞɜɨɟɧɢɹ ȼȼɉ», Ɉɛɳɟɪɨɫɫɢɣɫɤɢɣ ɮɨɪɭɦ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɫɦɨɫɚ ɜ 
ɦɢɪɧɵɯ ɰɟɥɹɯ», ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɢ ɜɫɟɪɨɫɫɢɣɫɤɢɟ ɤɨɧɮɟɪɟɧɰɢɢ – «ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɡɚɞɚɱɢ 
ɢɧɠɟɧɟɪɧɨɣ ɧɚɭɤɢ», «Ɍɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɨɜɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ», «Ɇɚɥɚɹ ɢ ɧɟɬɪɚɞɢɰɢɨɧɧɚɹ ɷɧɟɪɝɟɬɢɤɚ, 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ», «Ȼɟɬɨɧ ɢ ɠɟɥɟɡɨɛɟɬɨɧ – ɜɡɝɥɹɞ ɜ ɛɭɞɭɳɟɟ», ɇɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ 
online-ɤɨɧɮɟɪɟɧɰɢɹ «ɉɪɢɦɟɧɟɧɢɟ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ», ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 
ɜɵɫɬɚɜɤɢ ɢ ɤɨɧɮɟɪɟɧɰɢɢ «ɂɡɞɟɥɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɞɜɨɣɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, «Ⱦɢɜɟɪɫɢɮɢɤɚɰɢɹ 
ɈɉɄ» ɢ ɞɪɭɝɢɟ. ɋ ɭɱɚɫɬɢɟɦ ɊɂȺ ɢɡɞɚɸɬɫɹ «ɂɧɠɟɧɟɪɧɚɹ ɝɚɡɟɬɚ», ɦɟɠɨɬɪɚɫȾɟɥɟɝɚɬɵ ɢ 
ɭɱɚɫɬɧɢɤɢ I ɋɴɟɡɞɚ ɢɧɠɟɧɟɪɨɜ Ɋɨɫɫɢɢ ɜ Ȼɨɥɶɲɨɦ ɤɪɟɦɥɟɜɫɤɨɦ ɡɚɥɟ ɉɪɟɡɢɞɢɭɦ II ɋɴɟɡɞɚ 
ɢɧɠɟɧɟɪɨɜ Ɋɨɫɫɢɢ ɐɟɪɟɦɨɧɢɹ ɜɪɭɱɟɧɢɹ ɉɪɟɦɢɢ Ɍɚɧ ɜ ɫɟɧɬɹɛɪɟ β014 ɝɨɞɚ (ɫɥɟɜɚ-ɧɚɩɪɚɜɨ ɜ 
ɩɟɪɜɨɦ ɪɹɞɭμ ɩɪɟɡɢɞɟɧɬ Ɍɚɣɜɚɧɹ Ɇɚ ɂɧ-ɐɡɸ (Ma Ying-Jeou), ɨɫɧɨɜɚɬɟɥɶ ɉɪɟɦɢɢ ɞɨɤɬɨɪ 
ɋɚɦɭɷɥ ɂɧ (Samuel Yin), ɧɵɧɟɲɧɢɣ ɩɪɟɡɢɞɟɧɬ Ⱥɤɚɞɟɦɢɢ ɞɨɤɬɨɪ ɑɢ-ɏɭɷɣ ȼɨɧɝ (Chi-Huey 
Wong), ɪɭɤɨɜɨɞɢɬɟɥɶ Ɏɨɧɞɚ ɩɪɟɦɢɢ Ɍɚɧ Ⱦɠɟɧɧ-ɑɭɚɧ ɑɟɪɧ (Jenn-chuan Chern) ɥɟɜɨɣ ɚɥɶɦɚɧɚɯ 
«Ⱦɟɥɨɜɚɹ ɫɥɚɜɚ Ɋɨɫɫɢɢ», ɷɥɟɤɬɪɨɧɧɨɟ ɢɡɞɚɧɢɟ «ɇɚɧɨɬɟɯɧɨɥɨɝɢɢ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟμ ɧɚɭɱɧɵɣ 
ɢɧɬɟɪɧɟɬ-ɠɭɪɧɚɥ», ɚ ɬɚɤɠɟ ɛɨɥɟɟ β0 ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɠɭɪɧɚɥɨɜ. 

Ʉ β5-ɥɟɬɧɟɦɭ ɸɛɢɥɟɸ Ɋɨɫɫɢɣɫɤɨɣ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɩɪɢɭɪɨɱɟɧ ɜɵɩɭɫɤ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɫɩɪɚɜɨɱɧɨɝɨ ɢɡɞɚɧɢɹ «ɗɧɰɢɤɥɨɩɟɞɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ». ȼ 
ɷɧɰɢɤɥɨɩɟɞɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɜɨɪɱɟɫɤɢɟ ɛɢɨɝɪɚɮɢɢ ɛɨɥɟɟ 1750 ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɥɟɧɨɜ ɢ 
ɱɥɟɧɨɜ-ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɜ ɊɂȺ – ɤɪɭɩɧɵɯ ɭɱɟɧɵɯ, ɡɚɫɥɭɠɟɧɧɵɯ ɢɧɠɟɧɟɪɨɜ ɢ ɨɪɝɚɧɢɡɚɬɨɪɨɜ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢɡɛɪɚɧɧɵɯ ɜ ɚɤɚɞɟɦɢɸ ɫ ɦɨɦɟɧɬɚ ɫɨɡɞɚɧɢɹ. ȼ ɷɧɰɢɤɥɨɩɟɞɢɢ 
ɩɪɢɜɟɞɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɥɸɞɹɯ, ɤɬɨ ɧɚ ɪɭɛɟɠɟ XX–XXI ɜɟɤɨɜ ɚɤɬɢɜɧɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥ 
ɫɨɯɪɚɧɟɧɢɸ ɢ ɪɚɡɜɢɬɢɸ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɩɨ ɨɫɧɨɜɧɵɦ 
ɢɧɠɟɧɟɪɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɭɬɟɦ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɞɨɫɬɢɠɟɧɢɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 
ɧɚɭɤɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɮɟɪɟ. ɗɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɩɨɱɟɬɧɵɟ ɩɪɟɡɢɞɟɧɬɵ ɢ ɩɨɱɟɬɧɵɟ ɱɥɟɧɵ 
ɊɂȺ, ɱɥɟɧɵ ɚɤɚɞɟɦɢɢ, ɨ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ. 

ȼ ɢɡɞɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɚɤɠɟ ɢ ɢɧɨɫɬɪɚɧɧɵɟ ɱɥɟɧɵ ɊɂȺ, ɤɨɬɨɪɵɟ ɫɜɨɢɦɢ ɧɚɭɱɧɵɦɢ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɞɨɫɬɢɠɟɧɢɹɦɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɩɪɟɫɬɢɠɚ Ɋɨɫɫɢɣɫɤɨɣ 
ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɚɪɟɧɟ. 

Ɉɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɷɧɰɢɤɥɨɩɟɞɢɢ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɢɪɨɤɨɝɨ ɢ 
ɭɫɬɨɣɱɢɜɨɝɨ ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɢɧɬɟɪɟɫɚ ɤ ɧɚɭɤɟ ɢ ɬɟɯɧɢɤɟ, ɩɨɜɵɲɟɧɢɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ 
ɢɧɬɟɪɟɫɚ ɧɚɭɱɧɵɯ ɪɚɛɨɬɧɢɤɨɜ, ɢɧɠɟɧɟɪɧɵɯ ɤɚɞɪɨɜ ɢ ɫɬɭɞɟɧɱɟɫɤɨɣ ɦɨɥɨɞɟɠɢ, ɚ ɬɚɤɠɟ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɲɤɨɥɶɧɢɤɨɜ ɧɚ ɨɫɨɡɧɚɧɧɵɣ ɜɵɛɨɪ ɩɪɨɮɟɫɫɢɢ ɢɧɠɟɧɟɪɚ. 

Ⱥɤɬɢɜɧɭɸ ɨɛɳɟɫɬɜɟɧɧɭɸ ɩɨɡɢɰɢɸ ɊɂȺ ɡɚɧɢɦɚɟɬ ɧɟ ɬɨɥɶɤɨ ɜ ɜɨɩɪɨɫɚɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɪɚɡɜɢɬɢɹ ɫɬɪɚɧɵ. ɇɚ ɷɬɚɩɟ ɪɟɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɫɲɟɣ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɲɤɨɥɵ ɛɵɥɚ ɪɚɡɜɟɪɧɭɬɚ 
ɫɟɪɶɟɡɧɚɹ ɪɚɛɨɬɚ ɩɨ ɫɨɯɪɚɧɟɧɢɸ ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɜ Ɋɨɫɫɢɢ (ɛɨɥɟɟ 1/γ ɱɥɟɧɨɜ ɊɂȺ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɪɚɛɨɬɚɸɬ ɜ ɫɮɟɪɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ). ȼɨɩɪɨɫɵ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ 
ɢ ɜɵɛɨɪɚ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɲɥɢ ɫɜɨɟ 
ɨɬɪɚɠɟɧɢɟ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɩɪɟɞɥɨɠɟɧɢɣ ɞɥɹ Ʉɨɦɢɫɫɢɢ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɢ ɉɪɟɡɢɞɟɧɬɟ ɊɎ. 

ɇɟɫɨɦɧɟɧɧɨ, ɜ ɰɟɥɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɧɚɭɱɧɨ-ɢɧɠɟɧɟɪɧɵɯ 
ɫɬɪɭɤɬɭɪ ɩɪɢɨɪɢɬɟɬɧɨɣ ɡɚɞɚɱɟɣ ɊɂȺ ɨɫɬɚɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 
ɮɟɞɟɪɚɥɶɧɵɦɢ ɢ ɪɟɝɢɨɧɚɥɶɧɵɦɢ ɨɪɝɚɧɚɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɣ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɜɥɚɫɬɢ, ɚ ɬɚɤɠɟ 
ɜɵɫɬɪɚɢɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɛɳɟɫɬɜɚ, ɛɢɡɧɟɫɚ ɢ ɝɨɫɭɞɚɪɫɬɜɚ, 
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ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɤɨɨɪɞɢɧɚɰɢɸ ɫɨɜɦɟɫɬɧɵɯ ɭɫɢɥɢɣ ɩɪɢ ɜɵɪɚɛɨɬɤɟ ɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɰɢɨɧɚɥɶɧɨɣ 
ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɢ. 

Ɋɨɫɫɢɣɫɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ – ɦɨɳɧɵɣ ɞɜɢɝɚɬɟɥɶ ɢɧɬɟɝɪɚɰɢɢ ɢɧɠɟɧɟɪɧɨɝɨ 
ɫɨɨɛɳɟɫɬɜɚ ɧɟ ɬɨɥɶɤɨ ɜ Ɋɨɫɫɢɢ, ɧɨ ɢ ɜ ɫɬɪɚɧɚɯ Ȼɥɢɠɧɟɝɨ ɢ Ⱦɚɥɶɧɟɝɨ Ɂɚɪɭɛɟɠɶɹ. Ⱥɤɚɞɟɦɢɹ – 
ɫɜɨɟɨɛɪɚɡɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫɜɟɠɢɯ ɢɞɟɣ, ɫɨɞɟɣɫɬɜɭɸɳɢɯ ɪɚɡɜɢɬɢɸ ɧɟ ɬɨɥɶɤɨ ɢɧɠɟɧɟɪɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɪɟɚɥɶɧɨɝɨ ɫɟɤɬɨɪɚ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧɵ, ɧɨ ɢ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ 
ɨɛɳɟɫɬɜɚ. Ɋɨɥɶ ɊɂȺ ɜ ɪɟɲɟɧɢɢ ɚɤɬɭɚɥɶɧɵɯ ɜɨɩɪɨɫɨɜ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɫɨɡɞɚɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɤɥɚɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ 
ɷɤɨɧɨɦɢɤɟ ɡɧɚɧɢɣ ɢ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɜɨ ɜɫɟɯ ɨɬɪɚɫɥɹɯ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ 
ɚɝɪɚɪɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɨɞɨɥɠɚɟɬ ɪɚɫɬɢ. 

Ɋɨɫɫɢɣɫɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ ɨɬɤɪɵɬɚ ɞɥɹ ɲɢɪɨɤɨɝɨ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɫɨ ɜɫɟɦɢ 
ɬɜɨɪɱɟɫɤɢɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɨɬɞɟɥɶɧɵɦɢ ɥɢɰɚɦɢ. 
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SUMMARY 

RUSSIAN ACADEMY OF ENGINEERING – A POWERFUL ENGINE OF INTEGRATION OF THE 

ENGINEERING COMMUNITY 

Gusev B.V. 

International Engineering Academy 

The Russian Academy of Engineering is the successor of the Engineering Academy of the USSR established on 

the 13
th

 of May, 1990. From the very beginning, the Engineering Academy launched targeted efforts to 

strengthen the links between science and industry, to resolve the problems associated with the application of the 

results of fundamental research and their accelerated adaptation to industry. The Engineering Academy 

contributed and contributes to the preservation and development of the intellectual potential of science and 

engineering by effective implementation of the fundamental achievements of science in the industrial sector.   

Keywords: Russian Academy of Engineering, engineering activity, fundamental research, new technology. 
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Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɢɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ, ɂɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ Ƚɪɭɡɢɢ,  
Ɋɟɞɚɤɰɢɹ  ɠɭɪɧɚɥɚ `Georgian Engineering News~,  

Ƚɪɭɡɢɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  
 

 

 

ɉɈɁȾɊȺȼɅəɘɌ ȺɊɑɂɅȺ ɂȼȿɊɂȿȼɂɑȺ ɉɊȺɇȽɂɒȼɂɅɂ 
ɫ  ɢɡɛɪɚɧɢɟɦ ȼɢɰɟ-ɩɪɟɡɢɞɟɧɬɨɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ  
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Ⱥ. ɂ. ɉɊȺɇȽɂШȼɂɅɂ   
 

 
 Ⱥɪɱɢɥ ɂɜɟɪɢɟɜɢɱ  ɉɪɚɧɝɢɲɜɢɥɢ  -  ɪɟɤɬɨɪ Ƚɪɭɡɢɧɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, 

ɩɪɟɡɢɞɟɧɬ Ƚɪɭɡɢɧɫɤɨɣ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ, ɜɢɰɟ-ɩɪɟɡɢɞɟɧɬ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɢɧɠɟɧɟɪɧɨɣ 
ɚɤɚɞɟɦɢɢ, ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ (1λλβ), ɩɪɨɮɟɫɫɨɪ (1λλ5), ɚɤɚɞɟɦɢɤ ɇɚɰɢɨɧɚɥɶɧɨɣ 
ɚɤɚɞɟɦɢɢ ɧɚɭɤ Ƚɪɭɡɢɢ (β01γ) ɢ ɞɪɭɝɢɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɚɤɚɞɟɦɢɣ. 

Ⱥ. ɂ.  ɉɪɚɧɝɢɲɜɢɥɢ  ɪɨɞɢɥɫɹ 1γ ɚɩɪɟɥɹ 1λ61 ɝɨɞɚ ɜ ɝɨɪ. Ɍɛɢɥɢɫɢ. ȼ 1λ8γ ɝ. ɨɤɨɧɱɢɥ 
ɮɚɤɭɥɶɬɟɬ ɚɜɬɨɦɚɬɢɤɢ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ Ƚɪɭɡɢɧɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ  ɩɨ 
ɫɩɟɰɢɚɥɶɧɨɫɬɢ «ɢɧɠɟɧɟɪ-ɫɢɫɬɟɦɨɬɟɯɧɢɤ». ȼ ɬɨɬ ɠɟ ɝɨɞ  ɨɧ ɩɨɫɬɭɩɢɥ ɜ ɚɫɩɢɪɚɧɬɭɪɭ ɤɚɮɟɞɪɵ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ Ƚɪɭɡɢɧɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ, ɚ ɜ 1λ87 ɝ. ɡɚɳɢɬɢɥ 
ɞɢɫɫɟɪɬɚɰɢɸ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɺɧɨɣ ɫɬɟɩɟɧɢ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ ɜ Ɇɨɫɤɨɜɫɤɨɣ 
ɢɧɠɟɧɟɪɧɨ-ɮɢɡɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ.  ɉɨɫɥɟ ɡɚɳɢɬɵ ɤɚɧɞɢɞɚɬɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 1λ87-1λ88 ɝɝ. – 

ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɉɪɨɛɥɟɦɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ Ƚɪɭɡɢɧɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ Ƚɪɭɡɢɧɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ.  

ȼ 1λλβ ɝ. ɡɚɳɢɬɢɥ ɞɨɤɬɨɪɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɧɚɭɤɚɦ.  ȼ1992-β00γ ɝɝ. – 

ɡɚɦɟɫɬɢɬɟɥɶ ɞɢɪɟɤɬɨɪɚ ɂɧɫɬɢɬɭɬɚ ɢɧɮɨɪɦɚɬɢɤɢ, ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 
Ƚɪɭɡɢɧɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, 1λλβ-β005 ɝɝ. – ɧɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɇɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ Ƚɪɭɡɢɧɫɤɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, β00β-β005 ɝɝ. – ɱɪɟɡɜɵɱɚɣɧɵɣ ɭɩɨɥɧɨɦɨɱɟɧɧɵɣ ɩɪɟɡɢɞɟɧɬɚ Ƚɪɭɡɢɢ 
ɜ ɫɮɟɪɟ ɷɧɟɪɝɟɬɢɤɢ, ɫ β00λ ɝ ɩɨ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ – ɪɟɤɬɨɪ Ƚɪɭɡɢɧɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ. 

ɋ β01γ ɝ. – ɑɥɟɧ ɍɩɪɚɜɥɹɸɳɟɝɨ ɫɨɜɟɬɚ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɛɥɚɝɨɬɜɨɪɢɬɟɥɶɧɨɝɨ ɮɨɧɞɚ 
ɜɨɡɪɨɠɞɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɞɭɯɨɜɧɨɫɬɢ, ɤɭɥɶɬɭɪɵ ɢ ɧɚɭɤɢ  Ʉɚɬɨɥɢɤɨɫɚ-ɉɚɬɪɢɚɪɯɚ ȼɫɟɹ Ƚɪɭɡɢɢ, 

ɋ β011 ɝ. ɩɨ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ – ɩɪɟɞɫɬɚɜɢɬɟɥɶ Ƚɪɭɡɢɢ ɜ ɮɢɧɚɧɫɨɜɨɦ ɤɨɦɢɬɟɬɟ 
Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ «ɐɟɧɬɪ ɹɞɟɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ» (ɝ. Ⱦɭɛɧɚ, Ɋɨɫɫɢɣɫɤɚɹ 
Ɏɟɞɟɪɚɰɢɹ), 

ɋ β011 ɝ. – ɩɪɟɞɫɬɚɜɢɬɟɥɶ Ƚɪɭɡɢɢ ɜ ɋɨɜɟɬɟ ɩɨ ɪɚɡɜɢɬɢɸ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɜ ɫɬɪɚɧɚɯ 
ȽɍȺɆ-ɚ ɫ β010 ɝ. – ɪɭɤɨɜɨɞɢɬɟɥɶ ɝɪɭɩɩɵ ɩɨ ɢɡɭɱɟɧɢɸ ɩɪɨɛɥɟɦ ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ ɇɚɰɢɨɧɚɥɶɧɨɣ 
ɚɤɚɞɟɦɢɢ ɧɚɭɤ Ƚɪɭɡɢɢ. 

 ɇɚɝɪɚɠɞɺɧ ɨɪɞɟɧɨɦ ɑɟɫɬɢ.  Ⱥ. ɂ. ɉɪɚɧɝɢɲɜɢɥɢ  ɞɜɚɠɞɵ (1λλ0ɝ ɢ β01βɝ) ɩɪɢɫɜɨɟɧɚ 
ɇɚɰɢɨɧɚɥɶɧɚɹ ɩɪɟɦɢɹ Ƚɪɭɡɢɢ. 

ɉɨɞ ɟɝɨ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɫɬɜɨɦ ɡɚɳɢɳɟɧɨ β0 ɤɚɧɞɢɞɚɬɫɤɢɯ ɢ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɫɟɪɬɚɰɢɣ. 

əɜɥɹɟɬɫɹ ɚɜɬɨɪɨɦ ɛɨɥɟɟ β00 ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ β0 ɦɨɧɨɝɪɚɮɢɣ, 11 ɭɱɟɛɧɢɤɨɜ ɢ 
β0 ɩɚɬɟɧɬɨɜ. 
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ɂɇɀȿɇȿɊɇȺə ȺɄȺȾȿɆɂə ȽɊɍɁɂɂ - ɎɍɇȾȺɆȿɇɌȺɅɖɇɕȿ ɉɊɂɇɐɂɉɕ 
ɍɉɊȺȼɅȿɇɂə ɂ ɈɊȽȺɇɂɁȺɐɂɂ ȼ ɉɅȺɇȿ ɋɂɋɌȿɆɇɕɏ ɁȺɄɈɇɈɆȿɊɇɈɋɌȿɃ 

 

ɉɪɚɧɝɢɲɜɢɥɢ Ⱥ.ɂ. 

 

ɉɪɟɡɢɞɟɧɬ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ 

 
ɗɤɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɪɟɚɥɢɢ ɏɏI ɜɟɤɚ, ɟɳɟ ɪɚɡ, ɩɨɞɤɪɟɩɥɹɸɬ ɦɧɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɧɟɞɨɫɬɚɬɤɚ 

ɫɜɨɛɨɞɧɵɯ ɞɟɧɟɝ ɧɟɬ - ɟɫɬɶ ɧɟɞɨɫɬɚɬɨɤ ɯɨɪɨɲɨ ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ ɢ ɨɛɨɫɧɨɜɚɧɧɵɯ ɛɢɡɧɟɫ-ɢɞɟɣ ɢ 
ɝɨɬɨɜɵɯ ɤ ɪɟɚɥɢɡɚɰɢɢ, ɫɢɫɬɟɦɧɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ, ɩɪɨɟɤɬɨɜ. 

ȼɢɞɟɧɢɟɦ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ ɧɚɭɱɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɷɬɨ ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɢɟ 
ɚɤɬɢɜɚɰɢɹ, ɫɜɹɡɚɧɧɚɹ ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɤɥɸɱɚɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɫ 
ɜɵɹɜɥɟɧɢɟɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɦɟɯɚɧɢɡɦɨɜ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ ɢ ɩɪɢɤɥɚɞɧɵɟ - ɢɡɭɱɚɸɳɢɟ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɡɜɥɟɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɜɵɝɨɞɵ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɧɢɣ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɭɤɚɡɚɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɟɪɟɞɤɨ, ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢɞɟɣ ɢɧɧɨɜɚɰɢɨɧɧɨɣ 
ɩɪɨɞɭɤɰɢɢ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɡɧɚɧɢɣ ɨɛ ɨɫɧɨɜɧɵɯ ɟɟ ɫɜɨɣɫɬɜɚɯ ɢ ɩɪɢɧɰɢɩɚɯ ɫɨɡɞɚɧɢɹ, ɱɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɬɨɩɨɥɨɝɢɡɢɪɭɟɬ ɫɥɟɞɭɸɳɢɟ ɤɨɧɬɟɧɬɵμ ɮɨɪɦɭɥɢɪɨɜɤɚ ɩɨɧɹɬɢɣ, ɫɨɡɞɚɧɢɟ ɬɟɨɪɢɣ, 
ɷɤɫɩɟɪɢɦɟɧɬɢɪɨɜɚɧɢɟ, ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɨɛɨɛɳɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɛɪɚɛɨɬɤɚ ɢ 
ɭɫɜɨɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ.  

ɋ ɞɪɭɝɨɣ ɫɬɪɨɧɵ ɦɵ ɜ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ ɫɱɢɬɚɟɦ, ɱɬɨ ɢɧɠɟɧɟɪɧɚɹ 
ɞɟɹɬɟɥɶɧɨɫɬɶ - ɷɬɨ ɢɧɬɟɥɟɤɬɭɚɥɢɡɚɰɢɹ, ɫɜɹɡɚɧɧɚɹ ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ ɧɚ 
ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɭɱɧɵɯ ɡɧɚɧɢɣ, ɜɤɥɸɱɚɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɬ.ɟ. ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ 
ɪɚɡɪɚɛɨɬɤɚ ɢɞɟɣ ɢ ɜɚɪɢɚɧɬɨɜ ɩɪɨɞɭɤɰɢɢ, ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ - ɪɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɪɨɞɭɤɰɢɢ, ɞɢɡɚɣɧ - ɪɚɡɪɚɛɨɬɤɚ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɩɪɨɞɭɤɰɢɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɪɚɡɪɚɛɨɬɤɭ - ɬ.ɟ. 
ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɞɭɤɰɢɢ ɢɥɢ ɦɟɬɨɞɨɥɨɝɢɢ ɨɛɫɥɭɠɢɜɚɧɢɹ. ȼɚɠɧɵɦ 
ɪɟɡɭɥɶɬɚɬɨɦ ɬɚɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɤɚɤ ɨɛɵɱɧɨ, ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɧɨɜɲɟɫɬɜ ɜ ɜɢɞɟ ɨɩɵɬɧɵɯ 
ɨɛɪɚɡɰɨɜ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɩɪɨɞɭɤɰɢɢ.  

ɑɚɫɬɨ ɞɨɜɨɥɶɧɨ ɬɪɭɞɧɨ ɩɪɨɜɟɫɬɢ ɱɟɬɤɭɸ ɝɪɚɧɢɰɭ ɦɟɠɞɭ ɧɚɭɱɧɨɣ ɢ ɢɧɠɟɧɟɪɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɶɸμ ɨɛɵɱɧɨ ɢɦɟɟɬ ɦɟɫɬɨ ɬɟɫɧɨɟ ɩɟɪɟɩɥɟɬɟɧɢɟ ɬɨɣ ɢ ɞɪɭɝɨɣ, ɱɬɨ ɜ ɢɬɨɝɟ ɩɪɢɜɨɞɢɬ 
ɤɚɤ ɤ ɪɚɡɪɚɛɨɬɤɟ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɢɞɟɣ, ɬɚɤ ɢ ɤ ɫɨɡɞɚɧɢɸ ɧɨɜɲɟɫɬɜ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɢɧɹɬɨ 
ɝɨɜɨɪɢɬɶ ɨ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɪɟɲɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɨɛɟɫɩɟɱɟɧɢɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɭɤɢ, ɬɟɯɧɢɤɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɚɤ 
ɟɞɢɧɨɣ ɫɢɫɬɟɦɵ. 

ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɜ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɢɧɟɪɝɢɸ ɧɚɭɱɧɨɣ, ɢɧɠɟɧɟɪɧɨɣ ɢ ɨɪɝɚɧɢɡɚɬɨɪɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ, ɨɩɵɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɢ ɨɩɵɬɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɪɚɛɨɬɵ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ, ɡɚɜɟɪɲɚɸɳɢɟɫɹ 
ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɢ ɢɫɩɵɬɚɧɢɟɦ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɨɞɭɤɰɢɢ.  

ȼ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ ɤ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɬɧɨɫɹɬɫɹ ɪɚɛɨɬɵ ɩɨ 
ɧɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦɭ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ ɢ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ, ɚ ɬɚɤɠɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɢ ɩɪɢɦɟɧɟɧɢɸ ɢɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱥɪɯɢɜɚɠɧɨ, ɱɬɨ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɤɚɠɞɨɣ ɧɚɭɤɢ, 
ɞɨɫɬɢɝɲɟɣ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɪɨɜɧɹ ɝɧɨɫɟɨɥɨɝɢɱɟɫɤɨɣ ɢ ɤɨɝɧɢɬɢɱɟɫɤɨɣ ɡɪɟɥɨɫɬɢ, ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɪɟɮɥɟɤɫɢɸ, ɮɨɪɦɭɥɢɪɭɹ ɨɛɳɢɟ ɡɚɤɨɧɵ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɞɚɧɧɨɣ ɨɬɪɚɫɥɢ ɡɧɚɧɢɹ, ɬɨ ɟɫɬɶ 
ɫɨɡɞɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɦɟɬɚɧɚɭɤɭ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɥɸɛɚɹ ɡɪɟɥɚɹ ɧɚɭɤɚ ɫɬɚɧɨɜɢɬɫɹ 
ɩɪɟɞɦɟɬɨɦ ɮɢɥɨɫɨɮɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɹɜɥɹɟɬɫɹ ɩɪɟɞɦɟɬɨɦ 
ɢɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɜ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ ɫ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɨɥɨɝɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɨɬɪɚɫɥɟɣ.   

ɂɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ Ƚɪɭɡɢɢ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ 
ɪɚɡɜɢɬɢɸ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɮɢɥɨɫɨɮɢɢ, ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɨɬɨɪɨɣ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ 
ɷɬɚɩɨɜμ 1-ɣ ɷɬɚɩ (40-ɜɵɟ ɢ 50-ɟ ɝɨɞɵ ɏɏ ɫɬɨɥɟɬɢɹ) - ɷɪɚ ɢɧɫɬɢɬɭɰɢɨɧɚɥɢɡɚɰɢɢ ɢɧɧɨɜɚɰɢɨɧɧɨɣ 
ɮɢɥɨɫɨɮɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɫɨɡɞɚɧɢɟɦ ɜ ɫɢɫɬɟɦɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɨɪɝɚɧɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɢɧɧɨɜɚɰɢɨɧɧɨɣ 
ɩɨɥɢɬɢɤɢ. 2-ɣ ɷɬɚɩ (50-ɵɟ ɢ 70-ɵɟ ɝɨɞɵ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ) - ɷɩɨɯɚ ɪɟɡɤɨɝɨ ɪɨɫɬɚ ɦɚɫɲɬɚɛɨɜ 
ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɮɟɪɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɭɪɧɨɝɨ ɪɚɡɜɢɬɢɹ ɫɚɦɨɣ ɷɬɨɣ 
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ɫɮɟɪɵ. 3-ɣ ɷɬɚɩ (70-ɟ ɢ 80-ɟ ɝɨɞɵ β0-ɝɨ ɜɟɤɚ) - ɷɬɚɩ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɡɜɟɲɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɤ 
ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɯɚɪɚɤɬɟɪɧɚ ɫɬɚɛɢɥɢɡɚɰɢɹ, ɚ 
ɜ ɪɹɞɟ ɫɬɪɚɧ ɞɚɠɟ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɨɜ ɢɧɜɟɫɬɢɰɢɣ ɜ ɫɮɟɪɭ ɧɚɭɱɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢ ɨɩɵɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɛɨɬ (ɇɂɈɄɊ) ɢ ɨɩɵɬɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɛɨɬ (ɈɌɊ). ȼɦɟɫɬɟ ɫ ɬɟɦ ɢɞɟɬ 
ɩɨɢɫɤ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɮɨɪɦ ɨɪɝɚɧɢɡɚɰɢɢ ɇɂɈɄɊ ɢ ɈɌɊ. Ⱦɥɹ ɷɬɨɝɨ ɷɬɚɩɚ ɯɚɪɚɤɬɟɪɟɧ 
ɩɟɪɟɯɨɞ ɤ ɫɟɥɟɤɬɢɜɧɨɣ ɫɬɪɚɬɟɝɢɢ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, ɬɨ ɟɫɬɶ ɤ ɢɧɜɟɫɬɢɪɨɜɚɧɢɸ 
ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɤɪɭɝɚ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɷɬɨɝɨ ɪɚɡɜɢɬɢɹ. ȼ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ 
ɩɨɨɳɪɹɟɬɫɹ ɤɨɨɩɟɪɚɬɢɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɟ ɫɨɜɦɟɫɬɧɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚɦɢ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɧɚɭɱɧɵɦɢ ɭɱɪɟɠɞɟɧɢɹɦɢ ɢ ɱɚɫɬɧɵɦɢ ɮɢɪɦɚɦɢ.  

ɋ ɩɨɹɜɥɟɧɢɟɦ ɧɨɜɵɯ ɧɚɭɤɨɟɦɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨɢɫɯɨɞɢɬ ɫɬɢɪɚɧɢɟ 
ɝɪɚɧɢɰ ɦɟɠɞɭ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɢ ɩɪɢɤɥɚɞɧɨɣ ɧɚɭɤɨɣ. 4-ɣ ɷɬɚɩ (70-ɟ ɢ 80-ɟ ɝɨɞɵ ɏɏ ɫɬɨɥɟɬɢɹ) 
- ɷɬɚɩ ɢɧɬɟɧɫɢɜɧɨɝɨ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɪɟɝɢɨɧɨɜ. Ƚɨɫɭɞɚɪɫɬɜɚ, ɨɫɭɳɟɫɬɜɥɹɹ ɰɟɧɬɪɚ-

ɥɢɡɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɇɂɈɄɊ ɢ ɈɌɊ, ɚɤɬɢɜɧɟɟ ɩɪɢɜɥɟɤɚɸɬ ɤ ɷɬɨɦɭ ɭɩɪɚɜɥɟɧɢɸ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɜɥɚɫɬɢ, ɤɨɧɰɟɧɬɪɢɪɭɹ ɧɚɭɤɭ ɢ ɧɚɭɤɨɟɦɤɭɸ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɜ ɨɬɞɟɥɶɧɵɯ 
ɪɟɝɢɨɧɚɯ. ɗɬɨɬ ɷɬɚɩ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦ ɪɚɡɜɢɬɢɟɦ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, 
ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɨɡɞɚɧɢɟɦ ɫɟɬɢ ɬɟɯɧɨɩɚɪɤɨɜ ɢ ɬɟɯɧɨɩɨɥɢɫɨɜ. ȼ ɷɬɨ ɠɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ 
ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɪɚɡɜɢɬɢɸ ɦɚɥɨɝɨ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ ɛɢɡɧɟɫɚ, ɱɟɦɭ ɬɚɤɠɟ ɜ ɧɟɦɚɥɨɣ 
ɫɬɟɩɟɧɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɬɟɯɧɨɩɚɪɤɢ ɢ ɬɟɯɧɨɩɨɥɢɫɵ. 5-ɣ ɷɬɚɩ (ɫɟɪɟɞɢɧɚ 1λ80-ɯ ɝɝ. ɩɨ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ) - ɷɩɨɯɚ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɩɨɥɢɬɢɤɢ, ɤɨɬɨɪɚɹ ɨɛɪɟɬɚɟɬ 
ɜɫɟɨɛɴɟɦɥɸɳɢɣ ɯɚɪɚɤɬɟɪ, ɨɯɜɚɬɵɜɚɟɬ ɜɫɟ ɫɬɚɞɢɢ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜɤɥɸɱɚɹ ɜɵɯɨɞ 
ɧɨɜɵɯ ɜɢɞɨɜ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɪɨɞɭɤɰɢɢ ɧɚ ɪɵɧɤɚɯ. 

Ɉɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɨɣ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɩɨɥɢɬɢɤɢ ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɜ 
ɯɚɪɚɤɬɟɪɟ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɚ 
ɢɦɟɧɧɨμ   
 ɋɬɪɟɦɢɬɟɥɶɧɨ ɩɨɜɵɲɚɸɬɫɹ ɬɟɦɩɵ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, ɱɬɨ ɧɚɯɨɞɢɬ ɫɜɨɟ 

ɨɬɪɚɠɟɧɢɟ ɜ ɫɨɤɪɚɳɟɧɢɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɰɢɤɥɨɜ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɬɪɟɛɭɟɬɫɹ 
ɩɨɜɵɲɟɧɢɟ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɢ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɨ ɫɬɨɪɨɧɵ 
ɝɨɫɭɞɚɪɫɬɜɚ. 

 ɑɟɬɤɨ ɜɵɪɢɫɨɜɵɜɚɟɬɫɹ ɪɹɞ ɤɥɸɱɟɜɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, 
ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶ ɨɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɢɪɨɜɨɣ 
ɷɤɨɧɨɦɢɤɟ ɧɚ ɛɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ, ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜɚɠɧɨ ɜɵɛɪɚɬɶ ɢɡ ɧɢɯ ɬɚɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɚɬ ɪɟɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɪɵɜɵ ɫ ɭɱɟɬɨɦ ɢɦɟɸɳɢɯɫɹ 
ɭ ɧɟɝɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. 

 ɉɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɫɬɚɧɨɜɢɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦ ɪɟɡɤɨɟ 
ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɧɚɭɤɨɟɦɤɨɫɬɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɨɛɴɹɡɚɬɟɥɶɧɨ ɞɟɥɚɟɬɫɹ ɫɬɚɜɤɚ ɧɚ ɫɨɡɞɚɧɢɟ ɜɵɫɨɤɨɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ.  

 ɇɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɢɞɟɬ ɩɨ ɩɭɬɢ ɜɫɟ ɛɨɥɶɲɟɣ ɨɪɢɟɧɬɚɰɢɢ ɧɚ ɩɨɬɪɟɛɧɨɫɬɢ 
ɷɤɨɧɨɦɢɤɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ 
ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ, ɢɯ 
ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɪɚɫɥɹɯ. 

 ɇɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɤɨɦɩɥɟɤɫɧɵɣ, ɫɢɫɬɟɦɧɵɣ ɯɚɪɚɤɬɟɪ, 
ɨɯɜɚɬɵɜɚɹ ɜɫɟ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɫɭɛɴɟɤɬɨɜ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜɧɟɞɪɹɹɫɶ ɜɨ ɜɫɟ 
ɫɮɟɪɵ ɷɬɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢμ ɧɚɭɱɧɭɸ, ɢɧɠɟɧɟɪɧɭɸ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ, ɤɨɦɦɟɪɱɟɫɤɭɸ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɚɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɫɟɯ ɭɱɚɫɬɧɢɤɨɜ 
ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

 ɇɚɭɱɧɨ - ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɫɬɚɧɨɜɢɬɫɹ ɢɧɬɟɪɧɚɰɢɨɧɚɥɶɧɵɦ  ɩɪɨɰɟɫɫɨɦ, 
ɩɪɨɬɟɤɚɸɳɢɦ ɜ ɭɫɥɨɜɢɹɯ ɝɥɨɛɚɥɢɡɚɰɢɢ ɦɢɪɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɉɨɷɬɨɦɭ  ɞɨɥɠɧɨ 
ɭɞɟɥɹɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɜɧɢɦɚɧɢɟ ɦɟɠɞɭɧɚɪɨɞɧɨɦɭ ɫɨɬɪɭɞɧɢɱɟɫɬɜɭ ɜ ɨɛɥɚɫɬɢ ɢɧɧɨɜɚɰɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɢ ɷɬɨɦ ɡɚɳɢɬɭ ɫɜɨɢɯ ɧɚɰɢɨɧɚɥɶɧɵɯ ɢɧɬɟɪɟɫɨɜ. 

ȼ ɪɚɦɤɚɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɨɞɨɬɜɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɱɟɫɤɨɝɨ ɨɩɵɬɚ ɢɧɧɨɜɚɰɢɹɦɢ ɜɚɠɧɨ 
ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɟ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɩɨɥɢɬɢɤɢ ɹɜɥɹɟɬɫɹ ɩɨɞɞɟɪɠɤɚ ɦɚɥɨɝɨ 
ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɛɢɡɧɟɫɚ. Ɋɟɲɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɨɩɪɨɫɨɜ ɡɚɧɢɦɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɫɩɟɰɢɚɥɶɧɵɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɨɪɝɚɧɵ. ȼ ɋɒȺ - ɷɬɨ Ⱥɞɦɢɧɢɫɬɪɚɰɢɹ ɩɨ ɞɟɥɚɦ ɦɚɥɨɝɨ ɛɢɡɧɟɫɚ, 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɧɚɭɱɧɵɣ ɮɨɧɞ, ɇȺɋȺ, ɨɬɪɚɫɥɟɜɵɟ ɦɢɧɢɫɬɟɪɫɬɜɚ; Ⱥɝɟɧɬɫɬɜɨ ɦɢɧ. ɨɛɨɪɨɧɵ 
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ɋɒȺ ɞɥɹ ɩɟɪɟɞɨɜɵɯ ɨɛɨɪɨɧɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɩɪɨɟɤɬɨɜ - DARPA ( Defense Advanced 

Research Projects Agency); ɜ Ƚɟɪɦɚɧɢɢ - Ɇɢɧɢɫɬɟɪɫɬɜɨ ɷɤɨɧɨɦɢɤɢ, Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɱɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɬɟɯɧɨɥɨɝɢɣ, Ɏɟɞɟɪɚɰɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɚɫɫɨɰɢɚɰɢɣ; ɜɨ 
Ɏɪɚɧɰɢɢ - Ɇɢɧɢɫɬɟɪɫɬɜɨ ɷɤɨɧɨɦɢɤɢ, ɇɚɰɢɨɧɚɥɶɧɨɟ ɚɝɟɧɬɫɬɜɨ ɩɨ ɜɧɟɞɪɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɮɨɧɞ; ɜ əɩɨɧɢɢ - Ʉɨɪɩɨɪɚɰɢɹ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɦɟɥɤɨɝɨ 
ɛɢɡɧɟɫɚ, ɇɚɪɨɞɧɚɹ ɮɢɧɚɧɫɨɜɚɹ ɤɨɪɩɨɪɚɰɢɹ, ɐɟɧɬɪ ɪɢɫɤɨɜɨɝɨ ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɬɜɚ; ɜ ɂɬɚɥɢɢ - 
Ɏɨɧɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢɧɧɨɜɚɰɢɣ. ȼ ɷɬɢɯ ɫɬɪɚɧɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɦɚɥɵɯ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɮɢɪɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɚɤ ɩɪɹɦɵɦɢ, ɬɚɤ ɢ ɤɨɫɜɟɧɧɵɦɢ 
ɦɟɬɨɞɚɦɢ. Ɋɚɡɥɢɱɚɸɬɫɹ ɞɜɟ ɮɨɪɦɵ ɪɟɚɥɢɡɚɰɢɢ ɩɪɹɦɵɯ ɦɟɬɨɞɨɜμ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɜɟ-

ɞɨɦɫɬɜɟɧɧɚɹ, ɤɨɬɨɪɚɹ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɞɨɬɚɰɢɨɧɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɦɚɥɨɝɨ ɛɢɡɧɟɫɚ, ɢ 
ɩɪɨɝɪɚɦɦɧɨ-ɰɟɥɟɜɚɹ, ɤɨɬɨɪɚɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɦɚɥɨɝɨ ɛɢɡɧɟɫɚ ɜ ɪɚɦɤɚɯ ɰɟɥɟɜɵɯ 
ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɝɪɚɦɦ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɦɚɥɨɝɨ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɛɢɡɧɟɫɚ 
ɨɛɭɫɥɨɜɥɟɧɚ ɪɹɞɨɦ ɩɪɢɱɢɧ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜ ɬɚɤɨɣ ɩɨɞɞɟɪɠɤɟ ɡɚɢɧɬɟɪɟɫɨɜɚɧɵ ɦɚɥɵɟ 
ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɮɢɪɦɵ, ɤɨɬɨɪɵɟ, ɧɭɠɞɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ, ɧɨ ɬɚɤɠɟ ɜ 
ɩɨɦɨɳɢ ɩɪɢ ɪɟɲɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɛɥɟɦ, ɨɫɨɛɟɧɧɨ ɜ ɧɚɱɚɥɟ ɫɜɨɟɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜɵɡɜɚɧɧɵɯ 
ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɡɧɚɧɢɣ ɜ ɦɚɪɤɟɬɢɧɝɟ, ɮɢɧɚɧɫɢɪɨɜɚɧɢɢ, ɛɭɯɝɚɥɬɟɪɫɤɨɦ ɭɱɟɬɟ, ɚ ɬɚɤɠɟ 
ɬɪɭɞɧɨɫɬɹɦɢ ɩɨɢɫɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫ ɧɢɦɢ ɞɟɥɨɜɵɯ ɤɨɧɬɚɤɬɨɜ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɜ ɬɚɤɨɣ ɩɨɞɞɟɪɠɤɟ ɡɚɢɧɬɟɪɟɫɨɜɚɧɨ ɝɨɫɭɞɚɪɫɬɜɨ, ɩɨɫɤɨɥɶɤɭ ɦɚɥɵɣ ɢɧɧɨɜɚɰɢɨɧɧɵɣ 
ɛɢɡɧɟɫ ɢɝɪɚɟɬ ɜɟɫɨɦɭɸ ɪɨɥɶ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ. Ʉ ɩɪɢɦɟɪɭ ɜ ɋɒȺ ɦɚɥɵɟ ɢɧ-

ɧɨɜɚɰɢɨɧɧɵɟ ɮɢɪɦɵ ɫɨɡɞɚɸɬ ɜ β,5 ɪɚɡɚ ɛɨɥɶɲɟ ɢɧɧɨɜɚɰɢɣ ɧɚ ɤɚɠɞɵɣ ɜɥɨɠɟɧɧɵɣ ɞɨɥɥɚɪ, ɱɟɦ 
ɤɪɭɩɧɵɟ ɤɨɦɩɚɧɢɢ, ɢ ɛɵɫɬɪɟɟ ɢ ɫ ɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɜɧɟɞɪɹɸɬ ɢɯ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ. 

ɋɬɪɭɤɬɭɪɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢɧɜɟɫɬɢɰɢɣ ɜ ɇɂɈɄɊ ɢ ɈɌɊ ɜ ɨɫɧɨɜɧɨɦ ɧɨɫɢɬ ɨɬɪɚɫɥɟɜɨɣ 
ɯɚɪɚɤɬɟɪ. Ɍɚɤ, ɜ ɋɒȺ ɜ ɨɛɥɚɫɬɹɯ, ɨɬɜɟɱɚɸɳɢɯ ɜɚɠɧɟɣɲɢɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɢɧɬɟɪɟɫɚɦ 
(ɨɛɨɪɨɧɚ, ɤɨɫɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɬ.ɞ.), ɪɚɫɯɨɞɵ ɧɚ ɇɂɈɄɊ ɢ ɈɌɊ ɩɨɥɧɨɫɬɶɸ ɛɟɪɟɬ ɧɚ 
ɫɟɛɹ ɝɨɫɭɞɚɪɫɬɜɨ. ȼ ɨɛɥɚɫɬɹɯ, ɨɬɜɟɱɚɸɳɢɯ ɨɛɳɟɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɢɧɬɟɪɟɫɚɦ ɪɚɡɜɢɬɢɹ 
ɷɤɨɧɨɦɢɤɢ ɜ ɰɟɥɨɦ (ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɟ, ɷɤɨɥɨɝɢɹ, ɫɟɣɫɦɢɱɟɫɤɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɫɟɥɶɫɤɨɟ ɯɨɡɹɣɫɬɜɨ ɢ ɬ. ɩ.) ɝɥɚɜɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɇɂɈɄɊ ɢ ɈɌɊ ɥɨɠɢɬɫɹ ɧɚ 
ɝɨɫɭɞɚɪɫɬɜɨ, ɩɪɢ ɷɬɨɦ ɦɟɪɚ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɧɟɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɟɤɬɨɪɚ ɡɞɟɫɶ ɦɟɧɟɟ 
ɡɧɚɱɢɬɟɥɶɧɚ ɜɜɢɞɭ ɧɟɞɨɫɬɚɬɨɱɧɵɯ ɫɬɢɦɭɥɨɜ ɜɥɨɠɟɧɢɹ ɱɚɫɬɧɵɯ ɫɪɟɞɫɬɜ. ȼ ɨɛɥɚɫɬɹɯ, 
ɨɬɜɟɱɚɸɳɢɯ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɟɪɟ ɢɧɬɟɪɟɫɚɦ ɢ ɝɨɫɭɞɚɪɫɬɜɚ, ɢ ɱɚɫɬɧɵɯ ɤɨɦɩɚɧɢɣ 
(ɧɟɬɪɚɞɢɰɢɨɧɧɵɟ ɜɢɞɵ ɷɧɟɪɝɢɢ, ɧɨɜɟɢɲɢɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ȼȼɋ ɢ 
ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ, ɚɜɬɨɩɪɨɦɚ ɢ ɬ. ɞ.) ɝɨɫɭɞɚɪɫɬɜɨ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɟɫɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ 
ɞɨɥɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɫ ɞɪɭɝɨɣ - ɚɤɬɢɜɧɨ ɫɬɢɦɭɥɢɪɭɟɬ ɭɫɢɥɢɹ ɧɟɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɟɤɬɨɪɚ.  

Ɉɩɵɬ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɟɬɨɞɵ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɇɂɈɄɊ ɢ 

ɈɌɊ ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜμ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ, 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɧɚɩɪɢɦɟɪ, ɞɨɥɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɤ, ɚ ɜ ɪɚɦɤɚɯ 
ɩɪɢɤɥɚɞɧɵɯ - ɨɬ ɭɞɟɥɶɧɨɝɨ ɜɟɫɚ ɞɨɥɝɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ, ɪɟɲɚɸɳɢɯ 
ɩɪɨɛɥɟɦɵ ɲɢɪɨɤɨɝɨ, ɱɚɫɬɨ ɨɛɳɟɧɚɰɢɨɧɚɥɶɧɨɝɨ ɦɚɫɲɬɚɛɚ. ɗɮɮɟɤɬ ɦɟɬɨɞɨɜ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ 
ɧɟɨɞɢɧɚɤɨɜ ɧɚ ɪɚɡɧɵɯ ɫɬɚɞɢɹɯ ɨɬ ɪɚɡɪɚɛɨɬɤɢ ɢɞɟɢ ɞɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɫɜɨɟɧɢɹ. ȿɫɥɢ ɞɥɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ ɞɨɥɝɨɫɪɨɱɧɵɯ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɨɥɶɲɟ ɜɫɟɝɨ ɨɩɪɚɜɞɚɥɨ ɫɟɛɹ 
ɝɨɫɛɸɞɠɟɬɧɨɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ, ɬɨ ɞɥɹ ɫɬɚɞɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɫɜɨɟɧɢɹ ɢɧɧɨɜɚɰɢɣ, ɤɨɝɞɚ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɭɯɭɞɲɚɸɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɱɚɳɟ ɜɫɟɝɨ ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ ɜɪɟɦɟɧɧɵɟ 
ɥɶɝɨɬɵ, ɨɫɨɛɟɧɧɨ ɧɚ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. ȼɫɟ ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ 
ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɢ ɫɬɚɧɨɜɢɬɫɹ ɤɪɟɞɢɬ, ɜɨɡɜɪɚɬɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɷɮɮɟɤɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɩɨɫɥɟ ɨɫɜɨɟɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɬɨ ɟɫɬɶ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɡɚ ɫɱɟɬ 
ɪɚɫɬɭɳɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɇɂɈɄɊ ɢ ɈɌɊ ɜɵɡɜɚɧɚ ɫɚɦɢɦ 
ɯɚɪɚɤɬɟɪɨɦ ɧɚɭɤɢ, ɪɚɫɬɭɳɟɣ ɪɨɥɶɸ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ ɞɨɥɝɨɫɪɨɱɧɵɯ ɩɪɢɤɥɚɞɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɨɫɬɟɩɟɧɧɨ ɜɨɡɧɢɤɥɨ ɫɜɨɟɨɛɪɚɡɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɬɪɭɞɚ ɦɟɠɞɭ ɝɨɫɭɞɚɪɫɬɜɨɦ ɢ 
ɤɨɪɩɨɪɚɰɢɹɦɢμ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɢ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ ɩɪɢɤɥɚɞɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɟɪɟɬ ɧɚ ɫɟɛɹ ɝɨɫɭɞɚɪɫɬɜɨ, ɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 
ɪɚɡɪɚɛɨɬɤɢ ɫ ɦɟɧɶɲɢɦ ɪɢɫɤɨɦ ɢ ɛɨɥɶɲɟɣ ɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ ɮɢɧɚɧɫɢɪɭɸɬ ɤɨɪɩɨɪɚɰɢɢ. Ɍɚɤɨɟ 
ɪɚɡɞɟɥɟɧɢɟ ɬɪɭɞɚ ɫɥɨɠɢɥɨɫɶ ɩɨɫɬɟɩɟɧɧɨ, ɩɨ ɦɟɪɟ ɨɫɨɡɧɚɧɢɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ ɜɚɠɧɨɫɬɢ 
ɪɚɡɜɢɬɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɧɚɭɤɢ. Ȼɸɞɠɟɬɧɨɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
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ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɚɟɬ ɤɨɪɩɨɪɚɰɢɹɦ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɩɪɢɤɥɚɞɧɵɟ ɢɡɵɫɤɚɧɢɹ ɧɚ ɩɪɨɱɧɨɣ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɫɧɨɜɟ, ɷɤɨɧɨɦɹ ɜɪɟɦɹ ɢ ɫɪɟɞɫɬɜɚ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɨɤɨɥɨ 1/5 ɛɸɞɠɟɬɧɵɯ ɚɫɫɢɝɧɨɜɚɧɢɣ ɧɚ 
ɧɚɭɤɭ ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɤɪɵɜɚɟɬɫɹ 
ɥɶɜɢɧɚɹ ɞɨɥɹ (ɜ ɋɒȺ, ɤ ɩɪɢɦɟɪɭ β/γ) ɜɫɟɯ ɧɚɰɢɨɧɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɩɨɥɢɬɢɤɢ ɋɒȺ ɫɬɚɧɨɜɢɬɫɹ 
ɩɨɞɯɨɞ ɤ ɮɢɧɚɧɫɢɪɨɜɚɧɢɸ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɧɚɭɤɢ ɤɚɤ ɤ ɧɚɤɨɩɢɬɟɥɶɧɨ-ɪɟɡɟɪɜɢɪɭɸɳɟɦɭ 
ɩɪɨɰɟɫɫɭ, ɬɪɟɛɭɸɳɟɦɭ ɫɬɚɛɢɥɶɧɨɝɨ ɪɟɫɭɪɫɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɧɟɝɚɬɢɜɧɵɟ 
ɩɨɫɥɟɞɫɬɜɢɹ ɪɵɧɨɱɧɵɯ ɤɨɥɥɢɡɢɢ ɧɚ ɨɞɧɨɦ ɷɬɚɩɟ ɧɟɜɨɡɦɨɠɧɨ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɞɚɠɟ ɪɟɡɤɢɦ 
ɭɜɟɥɢɱɟɧɢɟɦ ɚɫɫɢɝɧɨɜɚɧɢɣ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ. 

Ɍɟɧɞɟɧɰɢɹɦɢ ɪɨɫɬɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɢɧɜɟɫɬɢɰɢɢ ɜ ɩɪɢɤɥɚɞɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɢɯ ɜɨɡɪɚɫɬɚɸɳɟɣ ɫɬɨɢɦɨɫɬɶɸ, ɤɨɦɩɥɟɤɫɧɨɫɬɶɸ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ. 
ɋɬɚɥɨ ɨɬɱɟɬɥɢɜɨ ɩɪɨɹɜɥɹɬɶɫɹ ɫɬɪɟɦɥɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɚ ɫɧɹɬɶ ɫ ɥɚɛɨɪɚɬɨɪɢɣ ɮɢɪɦ ɱɚɫɬɶ ɡɚɬɪɚɬ ɩɨ 
ɩɪɢɤɥɚɞɧɨɣ ɬɟɦɚɬɢɤɟ ɡɚ ɫɱɟɬ ɩɟɪɟɤɥɸɱɟɧɢɹ ɟɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɧɚ ɝɨɫɛɸɞɠɟɬ, ɤɚɤ ɷɬɨ ɭɠɟ 
ɩɪɨɢɡɨɲɥɨ ɫ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɧɚɭɤɨɣ. ȼɟɞɭɳɢɟ ɢɧɞɭɫɬɪɢɚɥɶɧɵɟ ɫɬɪɚɧɵ ɫɬɪɟɦɹɬɫɹ ɨɛɟɫɩɟɱɢɬɶ 
ɧɚɭɤɨɟɦɤɨɫɬɶ ȼȼɉ ɧɚ ɭɪɨɜɧɟ γ % (əɩɨɧɢɹ - β,λλ %, ɋɒȺ - β,7 %, ɫɬɪɚɧɵ ȿɋ - 1,95 %).  

ȼ ɫɬɪɚɬɟɝɢɢ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɇɂɈɄɊ ɢ ɈɌɊ ɜɫɟ ɛɨɥɶɲɟ ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɹ ɤ 
ɫɨɰɢɚɥɶɧɵɦ ɩɪɨɛɥɟɦɚɦ. ɏɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ 
ɜɨɡɪɚɫɬɚɧɢɟ ɪɨɥɢ ɮɨɧɞɨɜɨɝɨ ɪɵɧɤɚ ɤɚɤ ɢɧɫɬɪɭɦɟɧɬɚ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ. 
ɉɨɹɜɥɟɧɢɟ ɧɚ ɮɨɧɞɨɜɵɯ ɪɵɧɤɚɯ ɚɤɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɧɨɜɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ, ɪɚɫɲɢɪɢɥɨ 
ɞɢɚɩɚɡɨɧ ɩɨɢɫɤɚ ɤɪɢɬɟɪɢɟɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɢɡɦɟɧɢɥɨ 
ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɧɤɭɪɟɧɰɢɢ. 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɨɫɧɨɜɧɨɣ 
ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɤɨɧɤɭɪɟɧɰɢɢ ɫɬɚɧɨɜɢɬɫɹ ɫɤɨɪɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɢɧɧɨɜɚɰɢɣ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ 
ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɤɨɪɩɨɪɚɰɢɢ ɜɵɧɭɠɞɟɧɵ ɭɜɟɥɢɱɢɜɚɬɶ ɦɚɫɲɬɚɛɵ ɢɧɜɟɫɬɢɰɢɣ, ɱɬɨ, ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɧɢɠɚɟɬ ɞɨɯɨɞɧɨɫɬɶ ɢɯ ɚɤɰɢɣ. Ɍɚɤɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɞɢɧɚɦɢɤɨɣ 
ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɮɢɪɦ ɢ ɫɬɨɢɦɨɫɬɶɸ ɚɤɰɢɣ ɬɪɟɛɭɟɬ ɨɬ ɮɨɧɞɨɜɨɝɨ ɪɵɧɤɚ ɭɱɟɬɚ 
ɞɨɥɝɨɫɪɨɱɧɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɩɟɪɫɩɟɤɬɢɜ. ɇɟɪɟɞɤɨ ɫɬɨɢɥɨ ɤɨɦɩɚɧɢɹɦ ɥɢɲɶ ɡɚɹɜɢɬɶ ɨ ɧɨɜɵɯ 
ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɧɚɭɱɧɵɯ ɩɪɨɟɤɬɚɯ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɛɭɞɭɬ ɢɡɜɟɫɬɧɵ ɜ ɜɟɫɶɦɚ ɨɬɞɚɥɟɧɧɨɦ 
ɛɭɞɭɳɟɦ, ɤɚɤ ɮɨɧɞɨɜɵɣ ɪɵɧɨɤ ɬɭɬ ɠɟ ɪɟɚɝɢɪɨɜɚɥ ɧɚ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ, ɢ ɤɭɪɫɵ ɚɤɰɢɣ ɷɬɢɯ 
ɤɨɦɩɚɧɢɣ ɡɚ ɫɱɢɬɚɧɧɵɟ ɞɧɢ ɜɵɪɚɫɬɚɥɢ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ, ɪɨɥɶ ɮɨɧɞɨɜɨɝɨ ɪɵɧɤɚ 
ɤɚɤ ɦɟɯɚɧɢɡɦɚ ɭɱɟɬɚ ɞɨɥɝɨɫɪɨɱɧɵɯ ɩɟɪɫɩɟɤɬɢɜ ɰɢɤɥɢɱɟɫɤɢ ɦɟɧɹɟɬɫɹ, ɩɨɧɢɠɚɹɫɶ ɥɢɛɨ 
ɩɨɜɵɲɚɹɫɶ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ ɪɵɧɨɤ ɰɟɧɧɵɯ ɚɤɰɢɣ ɞɨ ɫɢɯ ɩɨɪ ɨɫɬɚɟɬɫɹ ɫɮɟɪɨɣ ɬɨɪɝɨɜɥɢ 
ɪɢɫɤɚɦɢ ɢ ɨɠɢɞɚɧɢɹɦɢ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɞɨɥɝɨɫɪɨɱɧɨɣ ɫɬɪɚɬɟɝɢɢ ɢɧɜɟɫɬɨɪ, ɤɚɤ ɩɪɚɜɢɥɨ, ɭɱɢ-

ɬɵɜɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɤɭɪɫɨɦ ɚɤɰɢɣ ɮɢɪɦɵ ɤɚɤ ɩɨɤɚɡɚɬɟɥɹ, 
ɜɵɹɜɥɹɸɳɟɝɨ ɭɛɵɬɨɱɧɨɫɬɶ ɢɥɢ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɮɢɪɦɵ ɜ ɩɟɪɫɩɟɤɬɢɜɟ. ȼ ɩɪɨɦɵɲɥɟɧɧɨ 
ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ ɪɵɧɨɤ ɰɟɧɧɵɯ ɛɭɦɚɝ ɞɚɟɬ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɜɫɟɯ ɮɢɧɚɧɫɨɜɵɯ ɢɧɜɟɫɬɢɰɢɣ, 
ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɪɟɚɥɶɧɵɟ ɢɧɜɟɫɬɢɰɢɢ - ɜ ɨɫɧɨɜɧɨɣ ɢ ɨɛɨɪɨɬɧɵɣ ɤɚɩɢɬɚɥ, 
ɡɟɦɥɸ ɢ ɧɟɞɜɢɠɢɦɨɫɬɶ. Ȼɨɥɟɟ ɬɨɝɨ, ɨɛɨɪɨɬ ɰɟɧɧɵɯ ɛɭɦɚɝ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 
ɩɨɜɵɲɟɧɢɹ ɨɛɳɟɝɨ ɭɪɨɜɧɹ ɞɨɯɨɞɨɜ ɜɫɟ ɪɚɫɲɢɪɹɸɳɟɝɨɫɹ ɤɪɭɝɚ ɚɤɰɢɨɧɟɪɨɜ. ɉɨɷɬɨɦɭ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɜɢɞɚ ɢɧɜɟɫɬɢɰɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɫɲɢɪɟɧɢɸ ɮɨɧɞɨɜɵɯ ɪɵɧɤɨɜ. 

Ɋɚɡɜɢɬɢɟ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɢɧɧɨɜɚɰɢɨɧɧɨɣ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵμ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɛɢɡɧɟɫ-ɢɧɤɭɛɚɬɨɪɨɜ, ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ, 
ɰɟɧɬɪɨɜ ɬɪɚɧɫɮɟɪɚ ɬɟɯɧɨɥɨɝɢɣ), ɬɟɯɧɨɩɚɪɤɨɜ ɢ ɬɟɯɧɨɩɨɥɢɫɨɜ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɟɤɬɨɪɚ ɧɚɭɤɢ ɪɚɧɶɲɟ ɞɪɭɝɢɯ ɫɬɪɚɧ ɧɚɱɚɥɨ ɩɪɨɢɫɯɨɞɢɬɶ 
ɜ ɋɒȺ, ɝɞɟ ɩɟɪɜɨɣ ɢ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɣ ɮɨɪɦɨɣ ɇɂɈɄɊ ɢ ɈɌɊ ɫɬɚɥɢ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɥɚɛɨɪɚɬɨɪɢɢ, ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨ ɢɧɫɬɢɬɭɰɢɨ-

ɧɚɥɶɧɨɦɭ ɩɪɢɧɰɢɩɭ, ɚ ɭɩɪɚɜɥɟɧɢɟ ɜɨɡɥɚɝɚɥɨɫɶ ɧɚ ɚɞɦɢɧɢɫɬɪɚɰɢɸ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɜɟɞɨɦɫɬɜ. 
Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɭɱɧɨɝɨ ɫɟɤɬɨɪɚ ɫɵɝɪɚɥɚ ɪɚɡɪɚɛɨɬɤɚ ɢ ɲɢɪɨɤɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨ-ɰɟɥɟɜɵɯ ɦɟɬɨɞɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɧɚɭɤɢ. ȼɤɥɸɱɟɧɢɟ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ ɜ ɱɢɫɥɨ ɫɨɢɫɩɨɥɧɢɬɟɥɟɣ ɦɧɨɝɨɨɬɪɚɫɥɟɜɵɯ ɨɛɳɟɧɚɰɢɨɧɚɥɶɧɵɯ ɢ 
ɜɟɞɨɦɫɬɜɟɧɧɵɯ ɩɪɨɝɪɚɦɦ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɥɢɤɜɢɞɢɪɨɜɚɬɶ ɦɟɥɤɨɬɟɦɶɟ 
ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɬɟɫɧɟɟ ɭɜɹɡɚɬɶ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɩɥɚɧɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɥɚɛɨɪɚɬɨɪɢɣ ɫ 
ɩɪɢɨɪɢɬɟɬɚɦɢ, ɩɪɨɜɨɡɝɥɚɲɟɧɧɵɦɢ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɨɱɟɪɟɞɧɵɯ ɞɥɹ ɚɦɟɪɢɤɚɧɫɤɨɣ ɧɚɭɤɢ. 
Ɉɞɧɚɤɨ ɩɪɨɝɪɚɦɦɧɨ-ɰɟɥɟɜɨɣ ɩɨɞɯɨɞ ɤ ɨɪɝɚɧɢɡɚɰɢɢ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɫɟɬ ɜ ɫɟɛɟ ɢ 
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ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɱɟɪɬɵ, ɜɥɢɹɧɢɟ ɤɨɬɨɪɵɯ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ 
ɥɚɛɨɪɚɬɨɪɢɣ ɩɪɨɹɜɢɥɨɫɶ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɫ ɤɨɧɰɚ ɏɏ ɫɬɨɥɟɬɢɹ. ɋɥɨɠɢɜɲɚɹɫɹ ɤ ɷɬɨɦɭ 
ɜɪɟɦɟɧɢ ɩɪɚɤɬɢɤɚ ɟɠɟɝɨɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɸɞɠɟɬɚ ɜɧɭɬɪɢ ɮɟɞɟɪɚɥɶɧɨɝɨ ɧɚɭɱɧɨɝɨ ɫɟɤɬɨɪɚ 
ɩɨ ɩɪɨɝɪɚɦɦɚɦ ɧɟ ɞɟɥɚɥɚ ɢɫɤɥɸɱɟɧɢɹ ɢ ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɤ. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɠɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɫɢɥɭ ɢɯ ɞɨɥɝɨɫɪɨɱɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɬɪɟɛɧɨɫɬɢ 
ɜ ɭɧɢɤɚɥɶɧɵɯ ɫɩɟɰɢɚɥɢɫɬɚɯ ɢ ɨɛɨɪɭɞɨɜɚɧɢɢ ɧɭɠɞɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɞɨɥɝɨɫɪɨɱɧɨɦ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ, ɧɨ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɮɢɧɚɧɫɢɪɨɜɚɧɢɢ. ɍɱɟɬ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɨɫɨɛɟɧɧɨ 
ɜɚɠɟɧ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɟɠɟɝɨɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɟɞɟɪɚɥɶɧɨɝɨ 
ɧɚɭɱɧɨɝɨ ɛɸɞɠɟɬɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɨɜɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɤɚɪɞɢɧɚɥɶɧɨ 
ɦɟɧɹɬɶ ɰɟɥɟɜɵɟ ɭɫɬɚɧɨɜɤɢ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɮɟɪɟ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ, ɥɢɲɟɧɧɵɯ ɭɜɟɪɟɧɧɨɫɬɢ ɧɟ ɬɨɥɶɤɨ ɜ ɫɬɚɛɢɥɶɧɨɦ 
ɮɢɧɚɧɫɨɜɨɦ ɨɛɟɫɩɟɱɟɧɢɢ, ɧɨ ɢ ɧɟɢɡɦɟɧɧɨɫɬɢ ɫɬɨɹɳɢɯ ɩɟɪɟɞ ɧɢɦɢ ɧɚɭɱɧɵɯ ɡɚɞɚɱ. 
Ɏɪɚɝɦɟɧɬɚɪɧɨ-ɥɚɬɟɧɬɧɵɣ ɯɚɪɚɤɬɟɪ ɮɭɧɤɰɢɣ ɤɪɭɩɧɵɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ, ɫɨɡɞɚɟɬ 
ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɜ ɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ, ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɜɵɲɟɧɢɸ ɦɚɫɲɬɚɛɨɜ 
ɥɚɛɨɪɚɬɨɪɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɲɚɟɦɵɦɢ ɢɦɢ ɡɚɞɚɱɚɦɢ. ɗɬɚ ɩɪɨɛɥɟɦɚ ɫɭɳɟɫɬɜɭɟɬ ɢ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɦɟɠɞɭ ɜɟɞɭɳɢɦɢ ɢɧɞɭɫɬɪɢɚɥɶɧɵɦɢ ɫɬɪɚɧɚɦɢ ɩɨɹɜɢɥɢɫɶ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɩɨɞɯɨɞɟ ɤ ɪɚɡɜɢɬɢɸ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɭɱɧɨ-ɢɫ-

ɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɟɤɬɨɪɚ. Ɍɚɤ, ɩɨɥɢɬɢɤɚ ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɋɒȺ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ ɚɤɬɢɜɢɡɚɰɢɸ 
ɪɨɥɢ ɱɚɫɬɧɵɯ ɮɢɪɦ ɜ ɫɮɟɪɟ ɇɂɈɄɊ ɢ ɈɌɊ, ɩɪɢɜɟɥɚ ɤ ɫɧɢɠɟɧɢɸ ɪɨɥɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɟɤɬɨɪɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ, ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɤɪɭɩɧɟɣɲɢɯ 
ɧɚɰɢɨɧɚɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɇɂɈɄɊ ɢ ɈɌɊ. ɋɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɜ ɋɒȺ ɤɨɧɰɟɩɰɢɹ ɢɞɟɚɥɶɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɫɮɟɪɵ ɇɂɈɄɊ ɢ ɈɌɊ ɩɪɟɞɩɨɥɚɝɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɜ ɭɧɢɜɟɪɫɢɬɟɬɚɯ, ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ - ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ, ɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ - ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɉɨɱɬɢ ɬɟ ɠɟ ɩɪɢɧɰɢɩɵ ɡɚɥɨɠɟɧɵ ɢ ɜ ɧɚɭɱɧɭɸ ɩɨɥɢɬɢɤɭ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ, ɚ ɬɨɱɧɟɟμ 
ɫɨɤɪɚɳɟɧɢɟ ɛɸɞɠɟɬɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɟɤɬɨɪɚ ɇɂɈɄɊ ɢ ɈɌɊ, ɩɪɨɞɚɠɚ 
ɱɚɫɬɢ ɥɚɛɨɪɚɬɨɪɢɣ ɱɚɫɬɧɵɦ ɮɢɪɦɚɦ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɚɜɢɬɟɥɶɫɬɜɨ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ ɪɚɡɪɚɛɨɬɚɥɨ 
ɪɹɞ ɦɟɪ, ɤɨɫɜɟɧɧɨ ɫɬɢɦɭɥɢɪɭɸɳɢɯ ɪɚɫɲɢɪɟɧɢɟ ɤɨɧɬɪɚɤɬɧɵɯ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɱɬɨ ɧɟ ɬɨɥɶɤɨ ɜɨɫɩɨɥɧɹɟɬ ɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬ 
ɛɸɞɠɟɬ ɥɚɛɨɪɚɬɨɪɢɣ, ɧɨ ɢ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɜɨɞɢɦɵɯ ɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚ ɫɱɟɬ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɫɜɨɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɇɂɈɄɊ ɢ ɈɌɊ. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɲɚɝɢ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
ɧɚɱɚɥɚ ɞɟɥɚɬɶ ɢ Ƚɟɪɦɚɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɫɟɪɶɟɡɧɵɟ ɦɟɪɵ ɩɨ ɪɟɨɪɝɚɧɢɡɚɰɢɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɟɤɬɨɪɚ ɇɂɈɄɊ ɢ ɈɌɊ ɜ 
ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɪɨɥɢ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɩɪɟɞɩɪɢɧɹɥɚ Ɏɪɚɧɰɢɹ. 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɟɤɬɨɪ ɇɂɈɄɊ ɢ ɈɌɊ Ɏɪɚɧɰɢɢ ɞɨɫɬɢɝ ɧɚɢɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɨɜ ɫɪɟɞɢ 
ɜɟɞɭɳɢɯ ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɫɬɪɚɧμ ɨɧ ɨɫɜɚɢɜɚɟɬ ɛɨɥɟɟ 40 % ɧɚɰɢɨɧɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɧɚɭɤɭ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ ɢɦɟɥ ɦɟɫɬɨ ɪɚɡɪɵɜ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɯ ɩɪɚɤɬɢɱɟɫɤɢɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɱɬɨ ɜ ɧɟɦɚɥɨɣ ɫɬɟɩɟɧɢ ɛɵɥɨ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ, ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɢɯ ɫɜɹɡɟɣ ɫ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ. ɉɨɷɬɨɦɭ Ɏɪɚɧɰɢɹ ɜ ɪɚɡɜɢɬɢɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɟɤɬɨɪɚ ɇɂɈɄɊ ɢ ɈɌɊ 
ɞɟɥɚɟɬ ɫɬɚɜɤɭ ɧɚ ɫɨɡɞɚɧɢɟ ɧɚɭɤɨɟɦɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ.  

ɉɟɪɜɨɫɬɟɩɟɧɧɚɹ ɪɨɥɶ ɜ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɣ ɩɨɥɢɬɢɤɢ ɨɬɜɨɞɢɬɫɹ ɤɪɭɩɧɟɣɲɟɣ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ Ɏɪɚɧɰɢɢ, ɇɚɰɢɨɧɚɥɶɧɨɦɭ ɰɟɧɬɪɭ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
(ɇɐɇɂ) - Le Centre national de la recherche scientifique (CNRS), ɤɨɬɨɪɵɣ ɚɤɬɢɜɧɨ ɪɚɛɨɬɚɟɬ ɧɚɞ 
ɫɨɡɞɚɧɢɟɦ ɫɟɬɢ ɩɪɟɞɫɬɚɜɢɬɟɥɶɫɬɜ ɜɨ ɜɫɟɯ ɪɟɝɢɨɧɚɯ ɫɬɪɚɧɵ, ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɟɣ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ ɩɨɦɨɳɶ ɩɨ ɡɚɤɥɸɱɟɧɢɸ ɤɨɧɬɪɚɤɬɨɜ ɰɟɧɬɪɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ ɦɚɥɵɦɢ ɢ ɫɪɟɞɧɢɦɢ 
ɮɢɪɦɚɦɢ, ɪɟɤɥɚɦɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɥɚɛɨɪɚɬɨɪɢɣ ɰɟɧɬɪɚ. ɇɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɨɫɭɳɟɫɬɜɥɹɟɦɵɟ ɜ ɭɧɢɜɟɪɫɢɬɟɬɚɯ, ɧɨɫɹɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɭɧɢɜɟɪɫɢɬɟɬɵ, ɚɤɬɢɜɧɨ ɭɱɚɫɬɜɭɹ ɜ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ, ɮɨɪɦɢɪɭɸɬ, ɩɪɟɠɞɟ 
ɜɫɟɝɨ, ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɛɚɡɭ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ. ɗɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ 
ɭɪɨɜɟɧɶ ɪɚɫɯɨɞɨɜ ɧɚ ɩɪɨɜɨɞɢɦɵɟ ɜ ɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɫɬɟɩɟɧɶ ɪɟɫɭɪɫɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɚɭɤɢ ɜ ɭɧɢɜɟɪɫɢɬɟɬɚɯ ɨɫɬɚɟɬɫɹ ɜɫɟ ɠɟ ɛɨɥɟɟ ɧɢɡɤɨɣ, ɱɟɦ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɧɚɭɱɧɵɯ 
ɭɱɪɟɠɞɟɧɢɹɯ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
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ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 
ɱɬɨ ɨɧɢ ɫɨɡɞɚɸɬ ɩɨɬɟɧɰɢɚɥ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. Ʉɨɪɩɨɪɚɰɢɹ, ɜɟɞɭɳɚɹ 
ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɦɨɠɟɬ ɨɞɧɨɣ ɢɡ ɩɟɪɜɵɯ ɪɟɚɥɢɡɨɜɚɬɶ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
ɋɢɥɶɧɨɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ ɮɢɪɦɵ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɨɩɟɪɟɠɚɸɳɭɸ 
ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɥɢ ɢɡɨɛɪɟɬɟɧɢɣ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 
ɫɨɡɞɚɬɶ ɨɫɧɨɜɵ ɞɨɥɝɨɫɪɨɱɧɨɣ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɮɢɪɦɵ. Ⱦɥɹ ɷɬɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɟ ɮɢɪɦɵ 
ɞɨɥɠɧɨ ɜɟɫɬɢ ɤɚɤ ɩɪɢɤɥɚɞɧɵɟ, ɬɚɤ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ (ɢɥɢ ɢɦɟɬɶ ɬɟɫɧɵɟ 
ɤɨɧɬɚɤɬɵ ɫ ɧɚɭɱɧɵɦɢ ɭɱɪɟɠɞɟɧɢɹɦɢ, ɡɚɧɢɦɚɸɳɢɦɢɫɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɧɚɭɤɨɣ). ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ, ɜɵɲɟɭɩɨɦɹɧɭɬɚɹ, ɤɨɪɩɨɪɚɰɢɹ ɞɨɥɠɧɚ ɭɦɟɬɶ ɷɮɮɟɤɬɢɜɧɨ ɫɜɹɡɵɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ 
ɪɵɧɨɱɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ. 

Ɋɨɥɶ ɤɨɪɩɨɪɚɰɢɣ ɜ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢμ ɦɚɫɲɬɚɛɚɦɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɟɫɭɪɫɨɜ ɢ ɩɨɥɭɱɚɟɦɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ ɡɚ ɫɨɡɞɚɧɢɟ ɢ ɤɨɦɦɟɪɱɟɫɤɭɸ ɪɟɚɥɢɡɚɰɢɸ 
ɞɨɫɬɢɠɟɧɢɣ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ⱦɨɥɹ ɡɚɬɪɚɬ ɧɚ ɇɂɈɄɊ ɢ ɈɌɊ ɤɨɪɩɨɪɚɰɢɣ 
ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ ɧɚɰɢɨɧɚɥɶɧɵɯ ɇɂɈɄɊ ɢ ɈɌɊ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ 
ɩɪɟɜɵɲɚɟɬ 65 %, ɚ ɜ ɫɪɟɞɧɟɦ ɩɨ ɫɬɪɚɧɚɦ ɈɗɋɊ(Ɉɪɝɚɧɢɡɚɰɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ 
ɢ ɪɚɡɜɢɬɢɹ - Organisation for Economic Cooperation and Development, OECD - ɦɟɠɞɭɧɚɪɨɞɧɚɹ 
ɦɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ) ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 70 %. 
Ʌɢɞɟɪɨɦ ɜ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɹɜɥɹɸɬɫɹ ɋɒȺ - ɚɦɟɪɢɤɚɧɫɤɢɟ ɤɨɪɩɨɪɚɰɢɢ ɜɟɞɭɬ ɩɨɱɬɢ ɜ γ ɪɚɡɚ 
ɛɨɥɶɲɢɣ ɨɛɴɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɱɟɦ ɹɩɨɧɫɤɢɟ, ɢ ɩɪɢɦɟɪɧɨ ɜ ɬɚɤɨɣ ɠɟ ɦɟɪɟ ɨɩɟɪɟɠɚɸɬ ɜɦɟɫɬɟ 
ɜɡɹɬɵɟ ɟɜɪɨɩɟɣɫɤɢɟ ɤɨɦɩɚɧɢɢ. ȼɵɫɨɤɢɟ ɬɟɦɩɵ ɪɚɡɜɢɬɢɹ ɇɂɈɄɊ ɢ ɈɌɊ ɜ ɸɠɧɨɤɨɪɟɣɫɤɢɯ 
ɤɨɦɩɚɧɢɹɯ ɩɪɢɜɟɥɨ ɤ ɬɨɦɭ, ɱɬɨ ɩɨ ɡɚɬɪɚɬɚɦ ɧɚ ɧɚɭɤɭ ɨɧɢ ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ ɤɨɦɩɚɧɢɹɦ ɤɪɭɩɧɵɯ 
ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧ. ɋɪɟɞɢ ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧ ɩɨ ɨɛɴɟɦɚɦ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɤɨɪɩɨɪɚɬɢɜɧɨɣ 
ɧɚɭɤɢ ɜɵɞɟɥɹɟɬɫɹ ɒɜɟɰɢɹ. 

Ɇɚɫɲɬɚɛɵ ɢ ɩɪɢɨɪɢɬɟɬɵ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɫɟɤɬɨɪɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɡɚɞɚɱɚɦɢ ɩɨɞɞɟɪɠɚɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ. ɑɚɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 
ɤɨɦɩɚɧɢɹɯ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɨɨɪɭɠɟɧɢɣ, 
ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɝɨɫɭɞɚɪɫɬɜɨɦ, ɨɞɧɚɤɨ ɞɨɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢɧɜɟɫɬɢɰɢɣ ɜ ɰɟɥɨɦ ɧɟ ɹɜɥɹɟɬɫɹ 
ɪɟɲɚɸɳɟɣ. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɟɧ ɜɤɥɚɞ ɝɨɫɭɞɚɪɫɬɜɚ ɜ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɇɂɈɄɊ ɢ 
ɈɌɊ ɜ ɋɒȺ ɢ ɂɬɚɥɢɢ. ȼ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ, Ɏɪɚɧɰɢɢ ɢ Ʉɚɧɚɞɟ ɷɬɨɬ ɜɤɥɚɞ ɦɟɧɟɟ ɜɟɫɨɦ. Ɇɟɧɶɲɟ 
ɜɫɟɝɨ ɩɨɥɭɱɚɸɬ ɫɪɟɞɫɬɜ ɢɡ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɚ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɇɂɈɄɊ ɢ ɈɌɊ ɹɩɨɧɫɤɢɟ 
ɤɨɦɩɚɧɢɢ. ȼ ɰɟɥɨɦ ɞɥɹ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɯɚɪɚɤɬɟɪɧɨ ɩɨɫɬɟɩɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɞɨɥɢ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɪɚɫɯɨɞɨɜ ɜ ɮɢɧɚɧɫɢɪɨɜɚɧɢɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɇɂɈɄɊ ɢ ɈɌɊ. 

ɇɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɫɟɤɬɨɪɟ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɪɟɫɭɪɫɨɜ ɜ ɧɟɛɨɥɶɲɨɦ ɱɢɫɥɟ ɤɪɭɩɧɵɯ ɤɨɪɩɨɪɚɰɢɣ. ɇɚɩɪɢɦɟɪ, ɜ ɋɒȺ ɜɫɟɝɨ 1 % ɢɡ ɨɛɳɟɝɨ 
ɱɢɫɥɚ ɤɨɦɩɚɧɢɣ, ɜɟɞɭɳɢɯ ɇɂɈɄɊ, ɤɨɧɬɪɨɥɢɪɭɸɬ ɨɤɨɥɨ 70 % ɪɚɫɯɨɞɭɟɦɵɯ ɫɪɟɞɫɬɜ (ɤɚɤ 
ɱɚɫɬɧɵɯ, ɬɚɤ ɢ ɮɟɞɟɪɚɥɶɧɵɯ). Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɟɞɟɪɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɟɳɟ ɜɵɲɟμ 
0,5 % ɤɨɦɩɚɧɢɣ ɩɨɥɭɱɚɸɬ ɩɨɱɬɢ 84 % ɚɫɫɢɝɧɨɜɚɧɢɣ, ɜɵɞɟɥɹɟɦɵɯ ɝɨɫɭɞɚɪɫɬɜɨɦ ɧɚ ɧɚɭɤɭ 
ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɫɟɤɬɨɪɭ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɤɪɭɩɧɵɯ ɤɨɪɩɨɪɚɰɢɣμ 
ɢɦ ɩɨ ɫɢɥɚɦ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɢ ɞɥɢɬɟɥɶɧɵɟ ɩɪɨɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚ-

ɧɢɹɦɢ; ɨɧɢ ɜɟɞɭɬ ɦɧɨɝɨɰɟɥɟɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɦɨɝɭɬ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɡɪɚɛɨɬɤɭ 
ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɧɨɜɲɟɫɬɜ, ɬɚɤ ɱɬɨ ɤɨɦɦɟɪɱɟɫɤɢɟ ɭɫɩɟɯɢ ɨɞɧɢɯ 
ɩɪɨɟɤɬɨɜ ɦɨɝɭɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɭɛɵɬɤɢ ɨɬ ɩɪɨɜɚɥɚ ɞɪɭɝɢɯ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ 
ɦɨɧɨɩɨɥɢɡɚɰɢɢ ɧɚɭɤɢ ɜɵɡɵɜɚɟɬ ɪɹɞ ɩɪɨɛɥɟɦ, ɝɥɚɜɧɚɹ ɢɡ ɤɨɬɨɪɵɯ — ɫɧɢɠɟɧɢɟ ɤɨɧɤɭɪɟɧɬɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɤɚɤ ɞɜɢɠɭɳɟɣ ɫɢɥɵ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ. Ʉɪɭɩɧɵɟ ɤɨɪɩɨɪɚɰɢɢ ɱɚɫɬɨ 
ɨɤɚɡɵɜɚɸɬɫɹ ɧɟɫɩɨɫɨɛɧɵɦɢ ɛɵɫɬɪɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɢɡɦɟɧɟɧɢɟ ɪɵɧɨɱɧɵɯ ɭɫɥɨɜɢɣ ɢ ɞɟɥɚɬɶ 
ɫɬɚɜɤɭ ɧɚ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ. ɂɯ ɩɪɢɜɟɪɠɟɧɧɨɫɬɶ ɤ ɭɫɬɨɹɜɲɢɦɫɹ ɢɞɟɹɦ ɫɬɚɧɨɜɢɬɫɹ 
ɩɪɟɩɹɬɫɬɜɢɟɦ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢɧɧɨɜɚɰɢɣ, ɩɪɢɱɟɦ ɞɚɠɟ ɬɟɯ, ɤɨɬɨɪɵɟ ɪɨɠɞɚɸɬɫɹ ɜ ɤɨɪɩɨɪɚɬɢɜ-

ɧɵɯ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɧɬɪɚɯ. 
ɉɨɞɨɛɧɨɝɨ ɪɨɞɚ ɩɪɨɛɥɟɦɵ ɧɟ ɫɜɨɣɫɬɜɟɧɧɵ ɦɚɥɨɦɭ ɛɢɡɧɟɫɭ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɯɚɪɚɤɬɟɪɧɵ 

ɜɵɫɨɤɚɹ ɦɨɛɢɥɶɧɨɫɬɶ ɢ ɫɤɥɨɧɧɨɫɬɶ ɤ ɪɢɫɤɭ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɣ. Ɇɚɥɵɣ ɧɚɭɤɨɟɦɤɢɣ ɛɢɡɧɟɫ ɪɚɡɪɨɫɫɹ ɢ ɭɤɪɟɩɢɥɫɹ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ. Ɉɞɧɚɤɨ ɦɚɥɵɟ 
ɮɢɪɦɵ ɜɨɜɫɟ ɧɟ ɜɵɬɟɫɧɹɸɬ ɤɪɭɩɧɵɟ ɤɨɪɩɨɪɚɰɢɢ, ɚ ɨɛɪɚɡɭɸɬ ɫ ɧɢɦɢ ɠɢɡɧɟɫɩɨɫɨɛɧɵɣ ɫɢɦɛɢɨɡ, 
ɜ ɤɨɬɨɪɨɦ ɤɪɭɩɧɵɟ ɤɨɪɩɨɪɚɰɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɡɚɤɚɡɱɢɤɨɜ ɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɩɪɨɞɭɤɰɢɢ ɦɚɥɵɯ ɮɢɪɦ. 
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ȼ ɨɬɪɚɫɥɟɜɨɣ ɫɬɪɭɤɬɭɪɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɇɂɈɄɊ ɢ ɈɌɊ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɵɣ ɪɨɫɬ 
ɭɞɟɥɶɧɨɝɨ ɜɟɫɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɚɡɪɚɛɨɬɨɤ, ɫɜɹɡɚɧɧɵɯ ɫ ɫɨɡɞɚɧɢɟɦ ɧɟ ɩɪɨɞɭɤɬɨɜ ɢɥɢ 
ɬɟɯɧɨɥɨɝɢɣ, ɚ ɭɫɥɭɝ, ɨɫɨɛɟɧɧɨ ɜ ɫɮɟɪɟ ɢɧɮɨɪɦɚɬɢɡɚɰɢɢ. Ɍɚɤ, ɜ ɋɒȺ ɞɨɥɝɨɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ 
ɦɚɫɲɬɚɛɧɵɟ ɇɂɈɄɊ ɢ ɈɌɊ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɢ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. ɇɚ ɤɚɠɞɭɸ ɢɡ ɷɬɢɯ ɨɬɪɚɫɥɟɣ 
ɩɪɢɯɨɞɢɥɨɫɶ 10–15 % ɪɚɫɯɨɞɨɜ ɧɚ ɇɂɈɄɊ ɢ ɈɌɊ. ȼ ɩɪɨɦɵɲɥɟɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɜɟɞɭɳɢɟ 
ɩɨɡɢɰɢɢ ɡɚɧɢɦɚɟɬ ɫɮɟɪɚ ɭɫɥɭɝ, ɝɞɟ ɞɨɥɹ ɪɚɫɯɨɞɨɜ ɧɚ ɇɂɈɄɊ ɢ ɈɌɊ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ 
ɭɜɟɥɢɱɟɧɢɹ. ɉɨɞɨɛɧɚɹ ɬɟɧɞɟɧɰɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜ əɩɨɧɢɢ ɢ ɫɬɪɚɧɚɯ ȿɋ. 

ȼ ɝɥɨɛɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ, ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɢɛɨɥɟɟ ɧɚɭɤɨɟɦɤɢɦɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɳɢɦɢɫɹ ɹɜɥɹɸɬɫɹ ɨɬɪɚɫɥɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ ɢ 
ɮɚɪɦɚɰɟɜɬɢɤɭ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɚɭɤɨɟɦɤɨɫɬɶ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɇɂɈɄɊ ɢ ɈɌɊ ɤ ɩɪɨɞɚɠɚɦ 
ɞɨɫɬɢɝɚɟɬ 15–20 %. 

Ʉɪɭɩɧɵɟ ɤɨɪɩɨɪɚɰɢɢ ɨɤɚɡɵɜɚɸɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɜɢɬɢɟ ɰɟɥɨɝɨ ɪɹɞɚ ɧɚɭɱɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ. ɂɫɬɨɪɢɹ ɏɏ ɜ. ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɨɡɞɚɧɢɟ ɤɚɠɞɨɝɨ ɧɨɜɨɝɨ ɬɨɜɚɪɚ, 
ɮɨɪɦɢɪɭɸɳɟɝɨ ɨɬɪɚɫɥɶ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɜɹɡɚɧɨ ɫ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɬɨɣ ɢɥɢ ɢɧɨɣ ɤɪɭɩɧɨɣ 
ɤɨɪɩɨɪɚɰɢɢμ ɚɜɬɨɦɨɛɢɥɢ - Ford, ɧɟɣɥɨɧ - DuPont, ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ - Bell, ɤɨɦɩɶɸɬɟɪɵ - IBM, 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ — Microsoft, ɩɪɨɰɟɫɫɨɪɵ - Intel, ɮɚɪɦɚɰɟɜɬɢɤɚ - Novartis, Pfizer, 

Merck & Co, Johnson & Johnson, Roche ɢ ɬ.ɞ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɋɒȺ ɪɚɛɨɬɚɸɬ ɞɨ βγ % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɭɱɟɧɵɯ, ɜ Ʉɢɬɚɟ ɞɨ 15 %, 

əɩɨɧɢɢ - 1β %. Ɂɚɬɪɚɬɵ ɜ ɝɨɞ ɧɚ ɨɞɧɨɝɨ ɭɱɟɧɨɝɨ ɫɨɫɬɚɜɥɹɸɬμ ɜ ɋɒȺ ɞɨ β70 ɬɵɫ. ɞɨɥɥ. ɋɒȺ, 
əɩɨɧɢɢ - 170 ɬɵɫ. ɞɨɥɥ. ɋɒȺ, Ʉɢɬɚɟ - λ0 ɬɵɫ. ɞɨɥɥ. ɋɒȺ. Ⱦɨɥɹ ɋɒȺ ɜ ɦɢɪɨɜɨɦ ɧɚɭɤɨɟɦɤɨɦ 
ɷɤɫɩɨɪɬɟ ɝɪɚɠɞɚɧɫɤɨɣ ɩɪɨɞɭɤɰɢɢ ɫɟɝɨɞɧɹ ɩɪɟɜɵɫɢɥɚ γ5 %, əɩɨɧɢɢ - γ1 %, Ƚɟɪɦɚɧɢɢ - 17 %, 

Ʉɢɬɚɹ - 8 %. 

ȿɫɥɢ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɝɥɨɛɚɥɶɧɭɸ ɦɚɬɪɢɰɭ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɰɟɥɨɦ, ɬɨ ɜ ɧɟɣ ɦɨɠɧɨ 
ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɟ ɡɨɧɵμ ɋɒȺ, ɫɬɪɚɧɵ ȿɜɪɨɩɟɣɫɤɨɝɨ ɫɨɸɡɚ 
ɢ ɫɬɪɚɧɵ ȼɨɫɬɨɱɧɨɣ, ɘɝɨ-ȼɨɫɬɨɱɧɨɣ ɢ ɘɠɧɨɣ Ⱥɡɢɢ (ɜɤɥɸɱɚɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɬɚɤɢɟ 
ɚɡɢɚɬɫɤɢɟ ɫɬɪɚɧɵ, ɤɚɤ əɩɨɧɢɹ, ɘɠɧɚɹ Ʉɨɪɟɹ, Ʉɢɬɚɣ, ɋɢɧɝɚɩɭɪ, ɂɧɞɢɹ). Ɉɫɧɨɜɧɵɦɢ 
ɩɨɤɚɡɚɬɟɥɹɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɨɥɨɠɟɧɢɟ ɬɨɣ ɢɥɢ ɢɧɨɣ ɡɨɧɵ, ɹɜɥɹɸɬɫɹ ɞɨɥɹ ɡɨɧɵ ɜ ɫɬɨɢɦɨɫɬɢ 
ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɫɟɤɬɨɪɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɭɫɥɭɝ. ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɢɱɟɫɤɢɦ 
ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɈɗɋɊ, ɤ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɫɟɤɬɨɪɭ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɬɧɨɫɹɬɫɹ ɩɹɬɶ 
ɨɬɪɚɫɥɟɣμ ɚɜɢɚ- ɢ ɪɚɤɟɬɨɫɬɪɨɟɧɢɟ, ɮɚɪɦɚɰɟɜɬɢɤɚ (ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɟɞɩɪɟɩɚɪɚɬɨɜ), ɨɮɢɫɧɚɹ 
ɬɟɯɧɢɤɚ ɢ ɤɨɦɩɶɸɬɟɪɵ, ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɪɚɞɢɨ, ɬɟɥɟɜɢɞɟɧɢɟ, ɫɪɟɞɫɬɜɚ 
ɫɜɹɡɢ), ɧɚɭɱɧɨɟ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɟ (ɦɟɞɢɰɢɧɫɤɨɟ, ɬɨɱɧɨɟ ɢ ɨɩɬɢɱɟɫɤɨɟ). Ʉ 
ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɫɟɤɬɨɪɭ ɭɫɥɭɝ ɨɬɧɨɫɹɬɫɹ ɩɹɬɶ ɨɬɪɚɫɥɟɣμ ɤɨɦɦɭɧɢɤɚɰɢɢ, ɮɢɧɚɧɫɵ ɢ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɭɫɥɭɝɢ ɩɨ ɤɨɧɫɭɥɶɬɢɪɨɜɚɧɢɸ ɛɢɡɧɟɫɚ, ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɟ. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɵɪɚɫɬɚɟɬ ɞɨɥɹ ɋɒȺ ɜ ɩɪɨɞɭɰɢɪɨɜɚɧɢɣ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɣ 
ɩɪɨɞɭɤɰɢɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɚɹ ɬɟɧɞɟɧɰɢɹ ɢɧɢɰɢɪɨɜɚɧɚ ɩɨɥɢɬɢɤɨɣ ɋɒȺ ɩɨ ɜɵɦɚɧɢɜɚɧɢɸ 
ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ (ɫɢɫɬɟɦɚ ɝɪɢɧ-ɤɚɪɬ, ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɢ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɝɪɚɧɬɨɜ, ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɨɩɥɚɬɵ ɬɪɭɞɚ ɢ ɦɨɬɢɜɚɰɢɢ ɧɚɭɱɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ) ɢɡ ɞɪɭɝɢɯ ɫɬɪɚɧ ɢ ɩɪɢɧɹɬɢɸ ɪɹɞɚ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ ɚɤɬɨɜ, ɫɬɢɦɭɥɢɪɭɸɳɢɯ ɪɚɡɜɢɬɢɟ 
ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ ɢ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɛɢɡɧɟɫɚ, ɜɤɥɸɱɚɹ ɲɢɪɨɤɨɟ ɪɚɡɜɢɬɢɟ ɜɟɧɱɭɪɧɨɝɨ 
ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɬɜɚ, ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɭɸ ɮɨɪɦɭ ɢɧɜɟɫɬɢɰɢɣ. 
Ɍɚɤ, ɜ ɋɒȺ ɜ ɫɟɤɬɨɪɟ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɧɹɬɨ ɜ 1,5 ɪɚɡɚ ɛɨɥɶɲɟ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɪɚɫɱɟɬɟ 
ɧɚ 1000 ɪɚɛɨɬɧɢɤɨɜ, ɱɟɦ ɜ ȿɋ. Ɋɚɡɪɵɜ ɜ ɪɚɡɜɢɬɢɢ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɫɟɤɬɨɪɨɜ ɷɤɨɧɨɦɢɤɢ 
ɋɒȺ ɢ ȿɋ ɜ ɞɟɧɟɠɧɨɦ ɜɵɪɚɠɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 150 ɦɥɪɞ ɞɨɥɥ. ɋɒȺ ɜ ɝɨɞ, ɢ ɨɧ ɫ ɤɚɠɞɵɦ 
ɝɨɞɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɧɚɝɥɹɞɧɵɦ ɩɪɢɦɟɪɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɟɧɱɭɪɧɵɯ ɢɧɜɟɫɬɢɰɢɣ 
ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɮɚɤɬμ ɩɨ ɞɚɧɧɵɦ ɇɚɰɢɨɧɚɥɶɧɨɣ ɚɫɫɨɰɢɚɰɢɢ ɜɟɧɱɭɪɧɨɝɨ ɤɚɩɢɬɚɥɚ ɋɒȺ - 
ɜɟɧɱɭɪɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɜ ɋɒȺ ɩɪɨɢɡɜɨɞɹɬ λβ % ɩɪɨɞɭɤɰɢɢ ɨɬɪɚɫɥɢ ɛɢɨɬɟɯɧɨɥɨɝɢɣ, ɨɤɨɥɨ 70 
% ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɶɸɬɟɪɨɜ, ɛɨɥɟɟ γ6 % ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 

Ⱦɥɹ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ ɋɒȺ ɹɜɥɹɸɬɫɹ ɩɢɨɧɟɪɨɦ ɜ ɫɬɢɦɭɥɢɪɨɜɚɧɢɢ 
ɩɪɨɰɟɫɫɨɜ ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɢ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɫɟɤɬɨɪɟ. 
Ɉɛɴɟɦ ɩɚɬɟɧɬɨɜɚɧɢɹ ɜ ɭɧɢɜɟɪɫɢɬɟɬɚɯ ɋɒȺ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɛɵɫɬɪɟɟ, ɱɟɦ ɨɛɳɢɣ ɨɛɴɟɦ ɩɚɬɟɧɬɨɜ, 
ɱɟɦ ɪɨɫɥɢ ɪɚɫɯɨɞɵ ɭɧɢɜɟɪɫɢɬɟɬɨɜ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɩɚɬɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ 
ɭɧɢɜɟɪɫɢɬɟɬɚɦɢ ɢ ɪɨɞɫɬɜɟɧɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɜɵɪɨɫɥɨ ɜ 7 ɪɚɡ ɡɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ. 
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ɍɧɢɜɟɪɫɢɬɟɬɵ ɋɒȺ ɭɜɟɥɢɱɢɥɢ ɫɜɨɸ ɩɪɟɞɪɚɫɩɨɥɨɠɟɧɧɨɫɬɶ ɤ ɩɚɬɟɧɬɨɜɚɧɢɸ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ 
ɪɚɡɚ, ɬɚ ɠɟ ɤɚɪɬɢɧɚ ɧɚɛɥɸɞɚɥɚɫɶ ɫ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɥɚɛɨɪɚɬɨɪɢɹɦɢ ɋɒȺ. 

Ɉɫɨɛɟɧɧɨ ɜɚɠɧɵɦɢ ɞɥɹ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɩɚɬɟɧɬɨɜɚɧɢɹ ɜ ɭɧɢɜɟɪɫɢɬɟɬɚɯ ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ 
ɥɚɛɨɪɚɬɨɪɢɹɯ ɋɒȺ ɛɵɥɢ ɢɡɦɟɧɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɨɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɟ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 
ɩɨɞɞɟɪɠɤɭ ɬɪɚɧɫɮɟɪɚ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɢɡ ɮɢɧɚɧɫɢɪɭɟɦɵɯ ɝɨɫɭɞɚɪɫɬɜɨɦ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɨɪɝɚɧɢɡɚɰɢɣ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɟɧ ɡɚɤɨɧ ɨ ɩɚɬɟɧɬɧɵɯ ɩɪɨɰɟɞɭɪɚɯ ɞɥɹ 
ɭɧɢɜɟɪɫɢɬɟɬɨɜ ɢ ɦɚɥɨɝɨ ɛɢɡɧɟɫɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɥ ɭɧɢɜɟɪɫɢɬɟɬɚɦ, ɧɟɤɨɦɦɟɪɱɟɫɤɢɦ 
ɫɬɪɭɤɬɭɪɚɦ ɢ ɩɪɟɞɩɪɢɹɬɢɹɦ ɦɚɥɨɝɨ ɛɢɡɧɟɫɚ ɩɨɥɭɱɚɬɶ ɩɪɚɜɚ ɫɨɛɫɬɜɟɧɧɨɫɬɢ ɧɚ ɢɡɨɛɪɟɬɟɧɢɹ, 
ɫɨɡɞɚɧɧɵɟ ɧɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɫɪɟɞɫɬɜɚ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ. ɗɬɨɬ ɡɚɤɨɧ ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɜ ɨɛɦɟɧ ɧɚ 
ɪɚɫɤɪɵɬɢɟ ɢɡɨɛɪɟɬɟɧɢɹ ɞɨɯɨɞɵ ɨɬ ɥɸɛɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɞɟɥɟɧɵ ɦɟɠɞɭ ɚɜɬɨɪɨɦ 
ɢ ɟɝɨ ɨɪɝɚɧɢɡɚɰɢɟɣ. Ɂɚɤɨɧ ɬɚɤɠɟ ɩɨɡɜɨɥɢɥ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢɧɫɬɢɬɭɬɚɦ ɩɟɪɟɞɚɜɚɬɶ ɩɪɚɜɚ 
ɫɨɛɫɬɜɟɧɧɢɤɚ ɬɪɟɬɶɟɣ ɫɬɨɪɨɧɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨ 
ɭɩɪɨɫɬɢɥɨ ɢ ɭɫɤɨɪɢɥɨ ɮɟɞɟɪɚɥɶɧɵɟ ɦɟɬɨɞɵ ɬɪɚɧɫɮɟɪɚ ɬɟɯɧɨɥɨɝɢɣ, ɩɨɡɜɨɥɹɹ ɭɧɢɜɟɪɫɢɬɟɬɚɦ 
ɩɪɨɹɜɢɬɶ ɛɨɥɶɲɭɸ ɝɢɛɤɨɫɬɶ ɩɪɢ ɡɚɤɥɸɱɟɧɢɢ ɥɢɰɟɧɡɢɨɧɧɵɯ ɫɨɝɥɚɲɟɧɢɣ, ɩɨɨɳɪɹɹ ɮɢɪɦɵ ɜ 
ɠɟɥɚɧɢɢ ɡɚɤɥɸɱɢɬɶ ɫ ɧɢɦɢ ɬɚɤɢɟ ɫɨɝɥɚɲɟɧɢɹ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɡɚɤɨɧ ɨɛ ɢɧɧɨɜɚɰɢɹɯ ɋɬɢɜɟɧɫɨɧɚ - ȼɢɞɥɟɪɚ, ɢɡɦɟɧɟɧɧɵɣ ɜ 1λ86 ɝ. 
Ɏɟɞɟɪɚɥɶɧɵɦ ɚɤɬɨɦ ɩɨ ɬɪɚɧɫɮɟɪɭ ɬɟɯɧɨɥɨɝɢɣ, ɭɩɨɥɧɨɦɨɱɢɥ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɥɚɛɨɪɚɬɨɪɢɢ 
ɜɵɩɨɥɧɹɬɶ ɫɨɝɥɚɲɟɧɢɹ ɩɨ ɩɚɪɬɧɟɪɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɢ ɪɚɡɪɚɛɨɬɤɚɦ ɫ ɱɚɫɬɧɵɦɢ ɮɢɪɦɚɦɢ ɢ 
ɩɟɪɟɞɚɜɚɬɶ ɷɬɢɦ ɮɢɪɦɚɦ ɩɚɬɟɧɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ. 

ɋ ɤɨɧɰɚ ɏɏ ɫɬɨɥɟɬɢɹ ɫɬɪɚɬɟɝɢɹ ɋɒȺ ɛɵɥɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɭɤɪɟɩɥɟɧɢɟ ɫɢɫɬɟɦɵ ɢɧɬɟɥ-

ɥɟɤɬɭɚɥɶɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɢ. ɋɒȺ ɛɵɥɢ ɩɟɪɜɨɣ ɫɬɪɚɧɨɣ, ɤɨɬɨɪɚɹ ɪɚɫɩɪɨɫɬɪɚɧɢɥɚ ɩɚɬɟɧɬɧɭɸ 
ɡɚɳɢɬɭ ɧɚ ɦɧɨɝɢɟ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɪɨɰɟɞɭɪɵ, ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɟ ɫ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɛɢɨɬɟɯɧɨɥɨɝɢɣ ɢ ɝɟɧɧɨɣ ɢɧɠɟɧɟɪɢɢ. Ⱥɧɚɥɨɝɢɱɧɨ ɋɒȺ 
ɛɵɥɢ ɩɟɪɜɵɦɢ ɫɪɟɞɢ ɫɬɪɚɧ, ɞɚɜɚɜɲɢɯ ɩɚɬɟɧɬɧɭɸ ɡɚɳɢɬɭ ɩɪɨɝɪɚɦɦɧɵɦ ɪɚɡɪɚɛɨɬɤɚɦ ɢ ɛɢɡɧɟɫ-

ɦɟɬɨɞɚɦ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɧɟɬɚ, ɟɳɟ ɨɞɧɨɣ ɨɛɥɚɫɬɢ, ɫɢɥɶɧɨ ɫɜɹɡɚɧɧɨɣ ɫ ɭɧɢɜɟɪɫɢɬɟɬɚɦɢ. ɉɪɢ 
ɜɵɞɚɱɟ ɩɪɚɜ ɧɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɭɸ ɫɨɛɫɬɜɟɧɧɨɫɬɶ ɋɒȺ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥɢ ɩɪɨɰɟɞɭɪɭ ɡɚɳɢɬɵ 
ɜɥɚɞɟɥɶɰɟɜ ɩɪɚɜ, ɨɪɝɚɧɢɡɨɜɚɜ Ⱥɩɟɥɥɹɰɢɨɧɧɵɣ ɫɭɞ ɫɨ ɫɩɟɰɢɚɥɶɧɨɣ ɷɤɫɩɟɪɬɢɡɨɣ ɩɨ ɫɩɨɪɚɦ ɜ 
ɫɮɟɪɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ ɩɨɫɥɟɞɧɢɟ γ0 ɥɟɬ ɋɒȺ ɩɪɨɜɟɥɢ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɪɟɮɨɪɦ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɭɫɤɨɪɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɫɟɤɬɨɪɚ ɜɵɫɨɤɢɯ 
ɬɟɯɧɨɥɨɝɢɣ ɢ ɡɚɤɪɟɩɥɟɧɢɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɛɹ ɜ ɤɚɱɟɫɬɜɟ ɦɢɪɨɜɨɝɨ ɰɟɧɬɪɚ ɬɟɯɧɨɥɨɝɢɣ ɢ 
ɢɧɧɨɜɚɰɢɣ. ȼɫɥɟɞ ɡɚ ɋɒȺ ɦɧɨɝɢɟ ɫɬɪɚɧɵ ɬɚɤɠɟ ɩɪɨɜɟɥɢ ɪɟɮɨɪɦɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɫɨɛɫɬɜɟɧɧɨɫɬɢ, ɦɨɞɟɪɧɢɡɢɪɨɜɚɥɢ ɡɚɤɨɧɵ, ɪɟɝɭɥɢɪɭɸɳɢɟ ɜɨɩɪɨɫɵ ɫɨɛɫɬɜɟɧɧɨɫɬɢ ɧɚ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɝɨɫɫɟɤɬɨɪɟ, ɫ ɬɟɦ ɱɬɨɛɵ ɨɛɥɟɝɱɢɬɶ ɢɯ ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɸ ɢ ɫɨɡɞɚɬɶ 
ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɪɚɡɜɢɬɢɹ ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɬɜɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɧɚ ɜɵɫɨɤɢɟ ɬɟɯɧɨɥɨɝɢɢ ɜ 
ɫɮɟɪɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɭɫɥɭɝ. 

ȼ ɪɚɦɤɚɯ ɩɪɢɦɟɧɟɧɢɹ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɝɨ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ ɨɩɵɬɚ ɜɟɞɭɳɢɯ 
ɦɢɪɨɜɵɯ ɰɟɧɬɪɨɜ ɬɟɯɧɨɥɨɝɢɣ ɢ ɢɧɧɨɜɚɰɢɣ ɂɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ Ƚɪɭɡɢɢ ɨɪɝɚɧɢɡɨɜɚɥɚ 
ɫɬɪɚɬɟɝɢɸ ɪɟɮɥɟɤɫɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɫɬɟɦɧɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɩɪɨɛɥɟɦɚɦ ɢɧɠɟɧɟɪɧɨɣ 
ɨɬɪɚɫɥɢ Ƚɪɭɡɢɢ.  

ɂɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ Ƚɪɭɡɢɢ ɭɱɢɬɢɜɚɟɬ ɮɚɤɬ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɪɨɜɵɦ ɫɨɨɛɳɟɫɬɜɨɦ(ɈɈɇ) 
ɝɥɚɜɧɵɯ ɩɪɢɨɪɢɬɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɢ XXI ɜɟɤɚ - ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɸ. ȼ ɪɚɦɤɚɯ 
ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɜ ɧɟɞɪɚɯ ɚɤɚɞɟɦɢɢ ɝɨɬɨɜɢɬɫɹ ɩɥɚɧ ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɢ 
ɩɪɨɟɤɬɚ ɩɨ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɫɢɧɬɟɡɭ ɫɬɪɟɫɫ ɛɟɥɤɨɜ ɩɨɞɤɪɟɩɥɺɧɧɵɣ ɟɜɪɨɩɟɣɫɤɢɦ ɩɚɬɟɧɬɨɦ ɧɚ 
ɫɭɦɦɭ 1500 M€ . Ʉɪɨɦɟ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɜ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ƚɪɭɡɢɢ ɜɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨ ɧɢɠɟɩɟɪɟɱɢɫɥɟɧɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ(ɫɦ. ɱɚɫɬɶ ɩɟɪɟɱɧɹ ɬɟɦɚɬɢɤ ɢɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ)μ 
 Ɉ ɧɟɤɨɬɨɪɵɯ ɚɥɝɨɪɢɬɦɚɯ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɧɟɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɧɚ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ. 
 Ɇɨɞɟɥɢ ɨɪɝɚɧɢɡɚɰɢɢ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 
 ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɨɞɧɨɝɨ ɤɥɚɫɫɚ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɚɜɬɨɦɚɬɨɜ ɜ ɬɟɪɧɚɪɧɨɣ 

ɫɬɚɰɢɨɧɚɪɧɨɣ ɫɥɭɱɚɣɧɨɣ ɫɪɟɞɟ. 
 Ʉ ɜɨɩɪɨɫɭ ɩɪɢɦɟɧɟɧɢɹ ɭɡɥɨɜ ɑɟɛɵɲɟɜɚ ɜ ɤɜɚɞɪɚɬɭɪɧɵɯ ɮɨɪɦɭɥɚɯ ɞɥɹ ɫɢɧɝɭɥɹɪɧɵɯ 

ɢɧɬɟɝɪɚɥɨɜ ɫ ɹɞɪɨɦ Ʉɨɲɢ ɢ ɜɟɫɨɜɵɦɢ ɮɭɧɤɰɢɹɦɢ əɤɨɛɢ. 
 Ɉ ɧɟɤɨɬɨɪɵɯ ɤɜɚɞɪɚɬɭɪɧɵɯ ɮɨɪɦɭɥɚɯ ɞɥɹ ɫɢɧɝɭɥɹɪɧɵɯ ɢɧɬɟɝɪɚɥɨɜ ɫ ɞɢɫɤɪɟɬɧɵɦɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ. 
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 Ɂɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜ- ɥɟɧɢɹ ɞɥɹ ɤɜɚɡɢɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ 
ɤɪɚɟɜɵɦɢ ɭɫɥɨɜɢɹɦɢ Ȼɢɰɚɞɡɟ-ɋɚɦɚɪɫɤɨɝɨ. 

 ɒɚɛɥɨɧɵ ɞɥɹ Haskell ɮɭɧɤɰɢɣ ɫ ɛɟɫɤɨɧɟɱɧɵɦɢ ɪɟɤɭɪɫɢɜɧɵɦɢ ɬɢɩɚɦɢ ɚɪɝɭɦɟɧɬɨɜ. 
 Ɇɨɞɟɥɢ ɩɥɨɫɤɢɯ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɨɛɴɟɤɬɨɜ. 
 Ʌɢɧɟɣɧɨɟ ɫɬɨɯɚɫɬɢɱɟɫɤɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜ ɛɚɧɚɯɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  
 Ʌɢɧɟɣɧɵɟ ɰɟɧɬɪɚɥɶɧɵɟ ɫɩɥɚɣɧɨɜɵɟ ɚɥɝɨɪɢɬɦɵ, ɢɯ ɨɛɨɛɳɟɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ. 
 ɋɭɦɦɢɪɨɜɚɧɢɟ ɪɹɞɨɜ Ɏɭɪɶɟ ɩɨɱɬɢ-ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɧɚ ɥɨɤɚɥɶɧɨ ɤɨɦɩɚɤɬɧɵɯ 

Ⱥɛɟɥɟɜɵɯ ɝɪɭɩɩɚɯ. 
 Ⱥɥɝɟɛɪɚ-ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɨɜ. 
 ȼɟɬɜɹɳɢɟɫɹ ɪɟɲɟɧɢɹ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ β-ɝɨ ɩɨɪɹɞɤɚ ɮɢɡɢɤɢ. 
 Ɉɩɬɨɬɢɪɢɫɬɨɪɧɵɣ ɰɢɮɪɨɜɨɣ ɤɚɥɢɛɪɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 

 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɭɤɦɟɤɟɪɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɬɟɧɧɢɫɧɨɝɨ ɦɚɬɱɚ. 
 ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɜ ɡɚɞɚɱɚɯ ɦɟɞɢɰɢɧɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ. 
 ɉɪɢɦɟɧɟɧɢɟ ɬɟɩɥɨɧɚɫɨɫɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɡɚɜɹɥɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɱɚɹ. 
 Ɇɟɬɨɞɢɤɚ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ ɛɚɡ ɞɚɧɧɵɯ ɜ ɡɚɞɚɱɚɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ. 
 ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨ- ɦɨɞɭɥɢɪɨɜɚɧɧɚɹ ɥɚɡɟɪɧɚɹ ɷɦɢɫɫɢɹ. 

 Ɉɩɬɢɱɟɫɤɚɹ ɡɚɩɢɫɶ ɢɧɮɨɪɦɚɰɢɢ ɜ ɝɢɪɨɬɪɨɩɧɵɯ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɚɯ. 
 ɉɨɥɹɪɢɡɚɰɢɨɧɧɨ - ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɤɨɦɩɨɡɢɰɢɢ ɞɥɹ ɝɨɥɨɝɪɚɮɢɢ. 
 Ɉɰɟɧɤɚ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ, ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɜɨɞɨɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɢ ɢ 

ɧɚɫɟɥɟɧɟɧɢɹ. 
 Ɏɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɩɪɹɧɵɯ ɪɚɫɬɟɧɢɢ. 
 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɜ ɬɪɟɯɮɚɡɧɵɯ ɭɩɪɚɜɥɹɟɦɵɯ ɜɵɩɪɹɦɢɬɟɥɹɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ. 
 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ. 
 ɉɨɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɜ ɬɹɝɨɜɵɯ ɩɨɞɫɬɚɧɰɢɹɯ ɜ ɭɫɥɨɜɢɹɯ ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ. 
 Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɫɭɞɨɜɨɝɨ ɪɭɥɟɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 
 ɂɦɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɩɭɫɤɚ ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɨɞɚ ɷɥɟɤɬɪɨɜɨɡɚ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ. 
 ɍɥɭɱɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ 

ɝɪɭɩɩɩɨɜɵɦ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ.  
 Ɉɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ. 
 ȼɟɤɬɨɪɧɵɟ ɭɪɚɜɧɟɧɢɹ ɜɫɬɚɜɤɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɚ ɨɫɧɨɜɟ ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɜɪɚɳɚɸɳɢɦɫɹ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ. 
 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɫɬɨɹɧɨɝɨ ɬɨɤɚ, ɫ ɬɪɺɯɮɚɡɧɵɦ 

ɜɨɡɛɭɠɞɟɧɢɟɦ ɪɨɬɨɪɚ. 
 ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɡɚɪɹɞɧɨɦ ɭɫɬɪɨɣɫɬɜɟ 

ɟɦɤɨɫɬɧɨɝɨ ɧɚɤɨɩɢɬɟɥɹ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ. 
 ɋɨɰɢɚɥɶɧɚɹ ɷɤɨɧɨɦɢɤɚ - ɪɚɡɦɵɲɥɟɧɢɹ ɦɚɬɟɦɚɬɢɤɨɜ ɨɛ ɷɤɨɥɨɝɢɢ ɢ ɟɺ ɩɪɨɛɥɟɦɚɯ. 

Ɉɛɳɟɢɡɜɟɫɬɧɨ, ɱɬɨ ɭɩɪɚɜɥɹɬɶ – ɡɧɚɱɢɬ ɩɪɟɞɜɢɞɟɬɶ. Ⱦɚɜɧɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɬɟɨɪɢɹ 
ɭɩɪɚɜɥɟɧɢɹ ɫɥɨɠɧɵɦ ɨɛɴɟɤɬɨɦ ɢɥɢ ɩɪɨɰɟɫɫɨɦ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɪɶɛɭ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ 
ɨɩɢɫɚɧɢɹ ɷɬɨɝɨ ɫɥɨɠɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ (ɬ.ɟ. ɨɛɴɟɤɬɚ ɢɥɢ ɩɪɨɰɟɫɫɚ).  

ȿɫɥɢ ɞɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɟ ɨɩɢɫɚɧɢɟ ɫɥɨɠɧɨɝɨ ɨɛɴɟɤɬɚ ɢɥɢ ɩɪɨɰɟɫɫɚ ɢ ɢɦɟɟɬɫɹ 
ɞɨɫɬɚɬɨɱɧɚɹ ɢɫɯɨɞɧɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɬɨɝɞɚ ɧɟɬ ɩɪɨɛɥɟɦ, ɢ ɧɢɤɚɤɚɹ ɪɨɛɚɫɬɧɨɫɬɶ(ɬ.ɟ. ɫɩɨɫɨɛɧɨɫɬɶ 
ɫɢɫɬɟɦɵ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɨɲɢɛɨɱɧɵɯ ɫɢɬɭɚɰɢɣ ɤɚɤ ɜɧɟɲɧɟɝɨ, ɬɚɤ ɢ 
ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ) ɧɟ ɬɪɟɛɭɟɬɫɹ. Ʉɨɝɞɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɦɧɨɝɨ ɜ ɨɩɢɫɚɧɢɢ 
ɫɥɨɠɧɨɝɨ ɨɛɴɟɤɬɚ ɢɥɢ ɩɪɨɰɟɫɫɚ, ɬɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɪɨɛɚɫɬɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ.   

ɋɭɳɟɫɬɜɭɟɬ ɫɢɫɬɟɦɧɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɩɨ ɤɨɬɨɪɨɣ ɬɨ, ɱɬɨ ɩɪɢɪɨɞɟ ɭɞɚɟɬɫɹ ɩɪɟɨɞɨɥɟɜɚɬɶ 
ɫ ɥɟɝɤɨɫɬɶɸ, ɞɥɹ ɬɟɯɧɢɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɬɪɭɞɧɨɣ ɡɚɞɚɱɟɣ. ɍɩɪɚɜɥɟɧɢɟ ɫɥɨɠɧɵɦɢ 
ɫɢɫɬɟɦɚɦɢ "ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ", ɧɚɩɪɚɜɥɟɧɧɨɟ ɧɚ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɪɚɛɨɬɵ ɱɟɥɨɜɟɤɚ 
ɱɟɪɟɡ ɧɨɜɵɟ ɤɨɪɩɨɪɚɬɢɜɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ, ɫɬɚɧɨɜɢɬɫɹ ɫ ɤɚɠɞɵɦ ɪɚɡɨɦ ɜɫɟ 
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ɩɪɨɛɥɟɦɚɬɢɱɧɟɟ. ɂ ɜɨɬ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɜɬɨɧɨɦɧɭɸ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ (ɧɟɣɪɨɧɵ) – 

ɝɟɧɢɚɥɶɧɨɟ ɢɡɨɛɪɟɬɟɧɢɟ ɩɪɢɪɨɞɵ – ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ, ɫɩɨɫɨɛɧɵɯ 
ɤ ɚɞɚɩɬɚɰɢɢ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ ɫɪɟɞɵ ɢ ɤ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ.  

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɧɚɭɤɢ, ɫɟɝɨɞɧɹ, ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɮɟɪɭ ɩɪɢɤɥɚɞɧɵɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ɇɧɨɝɢɟ ɩɪɨɰɟɫɫɵ ɜ ɛɢɡɧɟɫɟ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ. ɇɚɩɪɢɦɟɪ, ɨɛɳɟɢɡɜɟɫɬɧɵɣ ɩɪɢɧɰɢɩ ɫɥɨɠɧɨɝɨ 
ɰɟɥɨɝɨ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɩɪɨɫɬɵɯ ɷɥɟɦɟɧɬɨɜ, ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɦɨɡɝɚ (ɜ ɷɬɨɦ ɫɥɭɱɚɟ "ɩɪɨɫɬɵɦɢ" ɷɥɟɦɟɧɬɚɦɢ ɛɭɞɭɬ 
ɧɟɣɪɨɧɵ). ɉɨ ɫɭɬɢ, ɦɢɥɥɢɚɪɞɵ ɨɬɞɟɥɶɧɵɯ ɞɟɬɚɥɟɣ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɟɡɚɜɢɫɢɦɨ, ɧɨ 
ɫɨɫɬɚɜɥɟɧɧɚɹ ɢɦɢ ɫɢɫɬɟɦɚ ɭɞɢɜɢɬɟɥɶɧɨ ɫɥɨɠɧɚ. ɉɪɨɫɬɟɣɲɢɣ ɩɪɢɦɟɪμ ɟɫɥɢ ɡɚɦɟɧɢɬɶ ɜ ɧɚɲɟɣ 
ɦɨɞɟɥɢ "ɧɟɣɪɨɧɵ" ɧɚ "ɦɭɪɚɜɶɟɜ", ɬɨ ɜ ɤɚɱɟɫɬɜɟ ɫɥɨɠɧɨɝɨ ɰɟɥɨɝɨ ɩɨɥɭɱɢɦ ɦɭɪɚɜɶɢɧɭɸ 
ɤɨɥɨɧɢɸ. Ɂɚɦɟɧɢɜ "ɦɭɪɚɜɶɟɜ" ɧɚ "ɨɧɥɚɣɧ-ɩɨɤɭɩɚɬɟɥɟɣ ɢ ɩɪɨɞɚɜɰɨɜ", ɩɨɥɭɱɢɦ eBay, ɚ ɟɫɥɢ 
ɡɚɦɟɧɢɦ ɢɯ ɧɚ "ɮɨɧɞɨɜɵɯ ɛɢɪɠɟɜɢɤɨɜ", ɬɨ ɩɨɥɭɱɢɦ ɧɟɱɬɨ ɩɨɯɨɠɟɟ ɧɚ NASDAQ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɜɬɨɧɨɦɧɭɸ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ ɜ ɤɚɱɟɫɬɜɟ 
ɩɪɨɬɨɬɢɩɚ ɞɥɹ ɫɥɨɠɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ, ɫɩɨɫɨɛɧɵɯ ɤ ɚɞɚɩɬɚɰɢɢ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ 
ɭɫɥɨɜɢɹɦ ɫɪɟɞɵ ɢ ɫɚɦɨɪɟɝɭɥɹɰɢɢ. Ɋɚɡɜɢɬɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɦɨɡɝɚ ɤɨɧɬɪɨɥɢɪɭɸɬ ɦɨɥɟɤɭɥɵ ȾɇɄ, 
ɨɩɢɫɚɧɧɵɟ ɞɚɧɧɵɦɢ, ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ 1β ɦɥɧ. ɛɚɣɬ.  

Ɋɚɡɪɚɛɨɬɱɢɤɢ "ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ" ɨɬɤɚɡɚɥɢɫɶ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɡɚɩɟɪɬɨɝɨ ɜ ɤɥɟɬɤɭ ɤɨɧɬɪɨɥɶɧɨ-ɤɨɦɚɧɞɧɨɝɨ ɫɬɢɥɹ, ɢ ɫɬɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɧɚɩɢɫɚɧɢɹ ɤɨɞɚ ɫɢɦɭɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɡɜɢɬɢɹ ɨɞɧɨɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɜ ɫɥɨɠɧɵɟ 
ɦɧɨɝɨɤɥɟɬɨɱɧɵɟ. Ⱦɥɹ ɩɪɨɝɪɚɦɦ ɷɬɨɬ ɩɪɨɰɟɫɫ ɫɪɚɜɧɢɦ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɬɛɨɪɨɦ, ɨɫɬɚɜɥɹɸɳɢɦ 
ɬɨɥɶɤɨ ɫɢɥɶɧɟɣɲɢɯ ɢɥɢ ɢɯ ɝɢɛɪɢɞɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɧɭɠɧɵɦ ɤɚɱɟɫɬɜɨɦ. ɉɪɢɦɟɧɟɧɢɟ 
"ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ" ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɣ ɦɨɞɟɥɢ ɚɜɢɚɰɢɨɧɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ ɮɢɪɦɵ "Ȼɨɢɧɝ" ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɩɟɪɟɧɨɫɚ ɡɧɚɧɢɣ ɢɡ ɛɢɨɥɨɝɢɢ ɜ ɫɥɨɠɧɭɸ ɬɟɯɧɢɤɭ. 

Ʉɪɚɬɤɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ  ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɱɟɦ ɦɟɧɶɲɟ 
ɜɡɚɢɦɨɡɚɜɢɫɢɦɵ ɷɥɟɦɟɧɬɵ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ, ɬɟɦ ɩɪɨɳɟ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ, ɭɞɚɥɢɜ ɢɡ 
ɧɟɟ ɥɢɲɧɢɟ ɫɜɹɡɢ, ɢ ɬɟɦ ɛɵɫɬɪɟɟ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɜɨɫɫɬɚɧɨɜɢɬɶ ɨɛɳɭɸ ɧɨɪɦɚɥɶɧɭɸ 
ɞɟɹɬɟɥɶɧɨɫɬɶ ɜ ɫɥɭɱɚɟ ɫɛɨɹ ɜ ɨɞɧɨɦ ɢɡ ɷɥɟɦɟɧɬɨɜ. ɉɪɨɳɟ ɝɨɜɨɪɹ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɚɜɬɨɧɨɦɧɨɫɬɶ 
ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɟ ɞɟɥɚɟɬ ɟɟ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ. Ɉɛɟɫɩɟɱɟɧɢɟ ɚɜɬɨɧɨɦɧɨɫɬɢ – ɜɟɫɶɦɚ 
ɜɚɠɧɚɹ ɡɚɞɚɱɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɤɨɪɩɨɪɚɰɢɣ ɢ ɢɯ ɛɢɡɧɟɫɚ, ɧɨ ɢ ɞɥɹ ɞɪɭɝɢɯ ɤɪɭɩɧɵɯ 
ɫɥɨɠɧɨɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ, ɧɚɩɪɢɦɟɪ ɨɛɳɟɫɬɜɟɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɢ ɤɚɤɨɜɵɦ ɹɜɥɹɟɬɫɹ 
ɂɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ Ƚɪɭɡɢɢ. ȼɚɠɧɨ, ɱɬɨɛɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɫɟɪɶɟɡɧɵɣ «ɫɛɨɣ» ɢɥɢ 
«ɩɨɜɪɟɠɞɟɧɢɟ», ɜɨɡɧɢɤɲɟɟ ɜ ɝɨɥɨɜɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɧɟ ɨɬɪɚɠɚɥɢɫɶ ɧɚ ɪɚɛɨɬɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 
ɫɥɭɠɛ. Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, "ɤɥɟɬɨɱɧɨɟ", ɢɥɢ ɫɟɬɨɱɧɨɟ, ɭɫɬɪɨɣɫɬɜɨ ɨɪɝɚɧɢɡɚɰɢɢ ɢ 
ɫɨɨɛɳɟɫɬɜ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨ ɞɚɠɟ ɤ ɫɟɪɶɟɡɧɵɦ «ɩɨɜɪɟɠɞɟɧɢɹɦ».  

Ɍɚɤ ɱɬɨ ɂɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ Ƚɪɭɡɢɢ ɜ ɫɨɫɬɨɹɧɢɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɤɚɤ ɜ «ɭɧɢɬɚɪɧɨ-

ɰɟɥɨɫɬɧɨɦ» ɬɚɤ ɢ ɧɚ ɭɪɨɜɧɟ ɨɬɞɟɥɶɧɵɯ ɟɟ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɨɡɞɟɥɟɧɢɣ ɫ ɰɟɥɶɸ ɪɟɲɟɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɡɚɞɚɱ ɫ ɭɱɟɬɨɦ ɬɟɫɧɨɝɨ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɨɬɪɭɧɢɱɟɫɬɜɚ ɫ 
ɤɨɥɥɟɝɢɚɥɶɧɵɦɢ ɢɧɠɟɧɟɪɧɵɦɢ ɚɤɚɞɟɦɢɚɦɢ.  
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GEORGIAN ENGINEERING ACADEMY: FUNDAMENTAL PRINCIPLES OF ORGANIZATION 

MANAGEMENT IN RESPECT OF SYSTEM LAWS   

Prangishvili A.I. 
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The scientific activity is the system activation associated with scientific research including  fundamental studies 

with revealing the laws and mechanisms of processes and phenomena, and applied ones studying the possibilities 

for deriving practical benefit from the knowledge gained. The scientific and technical activities of the Georgian 

Engineering Academy represent the synergy of scientific, engineering and organizational activities, which, in its 

turn, implies research, R&D and technological work, including scientific studies and technological developments 

ending by production and testing of prototypes. 
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miznebis struqturireba da `Sewonva~ regionis mdgradi 

 ganviTarebis  amocanaSi 

 
frangiSvili a.i., namiCeiSvili o.m., gasitaSvili z.a., verulava d.i., kiknaZe m.g. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 

regionis mdgradi ganviTarebis mizanTa optimaluri nakrebisa da maTi 
e.w. `wonebis~ SerCevis sainformacio teqnologia, gamomdinare [1-6] naSromebSi 
miRebuli mniSvnelovani Sedegebidan,  SeiZleba Semdeg sam etaps Seicavdes. 

1. miznebis struqturireba. gamoiyofa mTavari (globaluri) mizani, 
romelic regionis mdgradi ganviTarebis problemaze muSaobas gansazRvravs. 
globaluri mizani, romelsac nulovani done eniWeba, iSleba (ganicdis dekompo-
zicias) pirveli donis mdgenelebad - pirveli donis miznebad. daSlis arsi is 
aris, rom garkveuli donis miznis Sesrulebis uzrunvelyofa qvemdebare donis 
yvela miznis SesrulebiT xdeba (aRweris gamWvirvalobisaTvis dasaSleli 
miznis mdevnelTa ricxvi ar unda aRematebodes oTxs - xuTs, rac yovelTvis 
SesaZlebelia doneTa raodenobis gazrdiT). analogiurad xdeba pirveli donis 
mizanTa daSla da ase Semdeg, vidre ar miiReba dauSladi miznebi, romlebsac 
lokaluri (anu elementaruli) vuwodoT. saqmianobaSi miznebis ierarqiuli 
struqturis warmodgena xorcieldeba xis tipis grafiT, romlis fesvia 
globaluri mizani, xolo foTlebi lokalur miznebs Seesabameba. 

2. miznebis `Sewonva~. davuSvaT, rom pirvel etapze gansazRvruli 
lokaluri miznebis raodenoba N-s udris, xolo yoveli miznis miRwevadobis 
done k-s tolia. aseT viTarebaSi mravalmiznobriv alternativebad wodebul 
SesaZlo gadawyvetilebaTa (amonaxsnebis) sivrce (e.i. lokaluri miznebis 
miRwevadobis doneTa mniSvnelobebis nakrebebi) N

k sidides Seadgens. am 
uzarmazari ganzomilebis sivrceSi optimaluri alternativis pirdapiri 
gziT arCeva saeWvoa, rom SesaZlebeli iyos. amitom miznebis dasaxvis efeqtu-
rad warmarTvisaTvis, jer erTi, lokaluri miznebis ranJirebas axorcieleben 
da maT Soris yvelaze mniSvnelovan miznebs irCeven, riTac N sidide 
mcirdeba, meorec da, amcireben miRwevadobis doneTa k ricxvs gonivrulad 
minimalur zRvramde (magaliTad,   mniSvnelobamde). 

miznebis ranJirebisaTvis yoveli maTgani fasdeba ricxviTi sididiT - 
miznis e.w. woniT. wonebis gansazRvris proceduras, romelic garkveuli 
sferos eqspertebis monawileobiT xorcieldeba, miznebis `Sewonva~ ewodeba. 

miznebis `Sewonvis~ universaluri meTodi, romelsac aseve ierarqiaTa 
analizis anu Tomas saatis [1] meTodi ewodeba, TanamimdevrobiT gamoiyeneba 
oriarusiani fragmentebis mimarT miznebis xeze, romelic Seicavs fesvis 
wveros da misadmi daqvemdebarebul kvanZebs - foTlebs, romlebic ganla-
gebulia mimarTulebiT zemodan qveviT. sawyis fragmentSi, romlis fesvis 
wvero Seesabameba globalur mizans mocemuli woniT, eqsperti wyvil-wyvilad 
adarebs yvela daqvemdebarebul qsels (qveda iarusebis yvela wveros) gan-
sakuTrebuli skalis safuZvelze, romelic asaxavs miznebis mowesrigebuli 
wyvilis  SedarebiT mniSvnelovnobas xarisxobriv da raodenobriv gamosa-
xulebaSi. Sedarebis Sedegad xdeba wrfiv gantolebaTa sistemis Sedgena, 
romlis amoxsna daqvemdebarebuli miznebis dasadgen wonebs iZleva. Semdeg 
miznebis xis sawyisi fragmentis yoveli daqvemdebarebuli miznis gaigiveba 
xdeba  qveda fragmentis fesvis wverosTan (kvanZTan) da procedura meordeba 
sistemis lokaluri miznebis wonaTa gamoTvlamde. 

Tu miznebis struqtura ganisazRvreba zeda donis miznebis daSliT 
qveda donis miznebis simravled, maSin SeiZleba «Sewonvis» arsebiTad ufro 
martivi empiriuli xerxis gamoyeneba.  

fragmentis yoveli i-uri  1, . ),( ..i ɩ  daqvemdebarebuli miznisaTvis  eqs-

perti uSualod iZleva mis `wilobriv di  koeficients~, iseTs, rom wi xolo miz-
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nis wona ganisazRvreba w d wi i k
  namravliT, sadac fragmentis fesvis wveros 

wonaa. 
aseTi xerxis dasabuTebisas, romelsac wilobrivi koeficientebis 

meTods uwodeben, misi avtorebi [3] eyrdnobian im faqts, rom eqspertisaTvis 
ufro advilia da bunebrivic erTbaSad Seafasos fragmentis fesvuri miznis 
mdgenelis (Sesakrebis) wili, vidre iangariSos mdgenelebis SedarebiTi 
mnoSvnelovnoba, e.i. Seafasos maTi wyvilebi (mdgenelebis raodenoba erTi 
rigiT naklebia am mdgenelTa wyvilebis ricxvze). garda amisa ar warmoiqmneba 
im gamoTvliTi procedurebis aucilebloba, romlebic damaxasiaTebelia 
saatis meTodisaTvis, Tumca es Zalian umniSvnelo upiratesobaa. 

amitom qvemoT miznebis `Sewonvis~ mxolod pirveli meTodi iqneba 
gamoyenebuli. 

3. lokaluri miznebis raodenobis minimizacia. regionis mdgradi 
ganviTarebis dasaxvisas yvelaze mniSvnelovani lokaluri miznebis arCeva 
xorcieldeba gansakuTrebiT umniSvneloTa amoRebiT im lokaluri miznebis 
simravlidan, romlebic ganisazRvra pirvel etapze da `Seiwona~ meore etapze. 

lokaluri miznebis raodenobis minimizaciisas saWiroa erTdroulad 
ramdenime pirobis Sesruleba: 

• aucilebelia lokaluri miznebis urTierTgavlenis gaTvaliswineba, 
romelic asaxulia matriciT - kognituri rukiT [2, 3]; 

• amosaRebi miznebis miRwevadobis jamuri xarisxi, romelsac ricxviTi 
gamosaxuleba aqvs da kognituri rukis saSualebiT ganisazRvreba, ar unda 
aRematebodes dasaSveb zRurbls - garkveul mniSvnelobas; 

• amosaRebi lokaluri miznebis raodenoba unda iyos maqsimaluri. 
 

miznebis struqturireba regionis mdgradi ganviTarebis dagegmvisas. 
naxazze naCvenebia regionis mdgradi ganviTarebis gegmis ganmsazRvreli 

miznebis xis Zalian gamartivebuli magaliTi. miznebi aRniSnulia asoTi, 
romelsac aqvs qveda indeqsi cifrebis nakrebis saxiT. Tu miznis daSla mdge-

nelebad xdeba, es ukanasknelebi .1 .2, ,
i i

c c  saxiT aRiniSneba. globaluri mizani 

(xis fesvi) aRiniSneba 0c  simboloTi, magram am fesvis incidenturi wveroebis 

indeqsSi nuli ar iwereba. ganvsazRvroT miznebis aRniSvnaTa Sinaarsi (cxr.1). 
 

cxrili 1. miznebis aRniSvnaTa Sinaarsi 
aRniSvna Sinaarsi 

c0 regionis mdgradi ganviTareba 

c1 socialuri indikatorebis SerCeva 
c2 ekonomikuri indikatorebis SerCeva 
c3 ekologiuri indikatorebis SerCeva 
c4 organizaciuli indeqsebis SerCeva 
c1.1 siRaribesTan brZola 
c1.2 demografiuli dinamikis gaumjobeseba 
c1.3 regionuli kadrebis momzadebisTvis  xelSewyoba 
c1.4 mosaxleobis janmrTelobis dacva 
c1.5 mosaxleobis dasaqmeba 
c2.1 tradiciuli ekonomikis ganviTareba 
c2.2 moTxovnis xasiaTis cvlileba 
c2.3 finansuri meqanizmebis srulyofa 
c3.1 wylis resursebis gamoyenebis mowesrigeba 
c3.2 saxmeleTo resursebis gamoyenebis gafarToeba 
c3.3 sxva bunebrivi resursebis moxmarebis racionalizacia 
c3.4 atmosferos mdgomareobaze monitoringis gafarToeba 
c3.5 narCenebis utilizaciis srulyofa 
c4.1 gadawyvetilebaTa miRebis strategiis damuSaveba 
c4.2 informaciuli bazis Seqmna regionis mosaxleobis 

nacionaluri tradiciebis Sesaxeb 
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miznebis Sekvecili xe 

 
gamovyoT xeze (misi Semovlisas zemodan qveviT) ordoniani fragmentebi, 

romlebic Sedgeba `mSoblis~ wverosgan da misi incidenturi wveroebis — 
`STamomavlebis» — erTobliobisagan. fragments, romelSic `mSobelia~ xis 
`fesvuri~ wvero, eniWeba nulovani rangi. am fragmentis qveda donis wveroebi 
`mSoblebia~ pirveli rangis fragmentebisaTvis da a.S. 

naxazis magaliTSi nulovani rangi warmodgenilia 0 1 2 3 4, , ,  , } {ɫ М ɫ ɫ ɫ frag-

mentiT, miznebis pirveli rangi — 1 1.1 1.2 1.3 1.4 1.5, , , },{ ,ɫ ɫ ɫ ɫ ɫ ɫ  , 2 2.1 2.2 2.3, , ,{ },ɫ ɫ ɫ ɫ  

3 3.1 .2 3.3 3.43 3.5, , , },{ ,ɫ ɫ ɫ ɫ ɫ ɫ  da 4 4.1 4.2, ,{ }ɫ ɫ ɫ   fragmentebiT, xolo meore da momdevno 

rangis fragmentebi, Sekvecili mocemulobis Sesabamisad, ar arsebobs. 
3. miznebis `Sewonva~ 

ganvixiloT miznebis xis `Sewonvis~ meTodi wyvil-wyvilad SedarebaTa 

safuZvelze. miznebis SedarebiTi mniSvnelovnoba fasdeba balebis 
ij

b  ricxviT 

eqspertebTan SeTanxmebuli skaliT, romelic asaxulia cxr. 2-Si.  
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cxrili 2. miznebis SedarebiTi mniSvnelovnoba 
 

sityvieri (verbaluri) mniSvneloba ricxviTi (balobrivi) mniSvneloba 

i
c  da 

j
c  miznebis erTnairi mniSvnelovnoba 1 

i
c -is mniSvnelovnobis 

j
c -is mniSvnelovnobaze 

garkveuli (susti) Warboba 
3 

i
c -is mniSvnelovnobis  

j
c -is mniSvnelovnobaze 

arsebiTi (Zlieri) Warboba 
5 

i
c -is mniSvnelovnobis  

j
c -is mniSvnelovnobaze 

cxadi (Zalian Zlieri) Warboba 
7 

i
c -is mniSvnelovnobis

j
c -is mniSvnelovnobaze 

absoluturi Warboba 
9 

Sualeduri mniSvnelobebi skalis mezobel 
mniSvnelobebs Soris 

2, 4, 6, 8 

 
 miznebis xis yoveli fragmentisTvis, nulovani rangidan dawyebuli, 
aigeba kvadratuli matrica.  

R  matricis striqonebi (svetebi) Seesabameba xis fragmentis wveroebs -
`memkvidreebs~. ganapira marcxena svetis zeda ujredSi iwereba fragmentis 
mSobeli wveros mocemuli wona (xis fesvisaTvis - globaluri miznisaTvis -   

wona). striqonisa da 
j

c  svetis gadakveTaze uTiTeben 
ij

r  elementis mniSvnelo-

bas, romelic aris: 

• 1 , Tu  ;
i j

c c  

• balebis 
ij

b  ricxvi SedarebiTi mniSvnelovnobis skaliT (ix. zemoT), 

roca ufro mniSvnelovania, vidre 
j

c ; 

• 1/ ,
ij

b Tu i
c  nakleb mniSvnelovania, vidre 

j
c  

davuSvaT, rom R matricis striqonebi (svetebi) Seesabameba miznebs, 

romlebic fasdeba saZiebeli  
1 2, , ,

p
W W W  wonebiT, xolo mSoblis wveros 

mocemuli 
q

W wona aqvs. amasTan erTad samarTliania Semdegi piroba: 

                                 
1

.
p

q i

i

W W


                          (1) 

saZiebeli 
1 2, , ,

p
W W W wonebi wrfiv algebrul gantolebaTa Semdegi siste-

mis amonaxsnebia: 

                

1

1 1,1

1

2 2,1

1

1 1,1

1

1

.

p
W r W jjjp

p
W r W jjjp

p
W r W jp p jjp

p
W W Wp q i

i

 


 


  


  
















                                  (2)  

 

nulovani rangis 0 1 2 3 4, , ,  , } {ɫ М ɫ ɫ ɫ  fragmentisTvis naxazis magaliTSi matrica 

asaxulia  cxr. 3-Si. 
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cxrili 3. wyvil-wyvilad SedarebaTa matrica nulovani rangis fragmentisaTvis 

0 1 2 3 4, , ,  , } {ɫ М ɫ ɫ ɫ  

 

 
  
  
  
  
  
  
 

wrfiv algebrul gantolebaTa zemoT motanili me-(2) sistema saxisaa da 

0,5, 0, 277778 0, 28, 0,154321 0,15, 0, 067901 0, 07
1 2 3 4

W W W W       amonaxsns iZleva, 

rogorc es cxr. 3-is marjvena svetSia asaxuli. 

                        

 1
3 3 3

1 1 2 3 44

1 1
3 3

2 1 2 3 44 3

1 1 1
3

3 1 2 3 44 3 3

1
4 1 2 3

W W W W W

W W W W W

W W W W W

W W W W

   

   

   

   





    
  

 
 

 


                (3)  

momdevno pirveli rangis erT-erTi 
1 1.1 1.2 1.3 1.4 1.5, , , },{ ,ɫ ɫ ɫ ɫ ɫ ɫ  fragmentis-

Tvis matrica asaxulia cxr. 4-Si. 
 

cxrili 4. wyvil-wyvilad SedarebaTa matrica pirveli rangis fragmentisaTvis 

1 1.1 1.2 1.3 1.4 1.5, , , },{ ,ɫ ɫ ɫ ɫ ɫ ɫ  

  
  

 
  
  
  
  
  

wrfiv algebrul gantolebaTa me-(2) sistemas amjerad ukve aseTi saxe aqvs: 

    

 1
3 3 3 3

1,1 1,1 1,2 1,3 1,4 1,55

1 1 1 1

1,2 1,1 1,2 1,3 1,4 1,55 3 3 3

1 1 1 1

1,3 1,1 1,2 1,3 1,4 1,55 3 2 2

1 1
3 2 3

1,4 1,1 1,2 1,3 1,4 1,55 3

0, 5
1,5 1,1 1,2 1,3 1,4

W W W W W W

W W W W W W

W W W W W W

W W W W W W

W W W W W

    

    

    

    

    





   
 
 

 
 
 
 










,                  (4) 

saidanac 1.1 0,214286 0,21W  , 1.2 0,046584 0,05W   , 1,3 0,052795 0,05W   , 

1.4 0,125111 0,13W   ,  1,5 0,061224 0,06W   , rogorc es cxr. 4-is marjvena svetSia 

asaxuli. 

1
0

W Wq    C1 C2 C3 C4 miznis wona 

C1 1 3 3 3 5
1

0, 0W   

C2 1/3 1 3 3 2
2

0, 8W   

C3 1/3 1/3 1 3 1
3

0, 5W   

C4 1/3 1/3 1/3 1 0
4

0, 7W   

1 0,5W Wq    C1.1 C1.2 C1.3 C1.4 C1.5 miznis wona 

C1.1 1 3 3 3 3 W1,1=0,21 

C1.2 1/3 1 3 3 1/3 W1,2=0,05 
C1.3 1/3 1/3 1 3 1/2 W1,3=0,05 
C1.4 1/3 1/3 1/3 1 1,3 W1,4=0,13 

C1.5 
1/3 3 2 1/3 1 W1,5=0,06 
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analogiurad ganisazRvreba wveroTa wonebi mizanTa xis yvela danar-
Ceni fragmentisTvis. saTanado wrfis algebrul gantolebaTa me-(2) sistemis 
amosaxsnelad SeiZleba, magaliTad, Wolfram Research kompaniis kompiuteruli 
algebris `Wolfram Mathematica 10.4.1.~ sistemis gamoyeneba [7]. 

 
lokaluri miznebis minimizacia 

regionis mdgradi ganviTarebis dagegmvisas lokaluri miznebis Sesam-
cireblad aigeba cxrili - kognituri ruka, romelic lokaluri miznebis 
urTierTgavlenas warmoaCens. sazogadod kognituri ruka aris nacnobi 
sivrciTi garemocvis saxe zogadobis sxvadasxva xarisxiT da es termini Semo-
Rebulia 1948 wels cnobili amerikeli fsiqologis edvard Ceis tolmenis 
(ingl. Edward Chace Tolman,  1886-1959) mier. 

am kognituri rukis striqonebi da svetebi Seesabameba lokalur 

miznebs, marcxniv striqonis win dasmulia 
i

c  miznis aRniSvna, xolo marjvniv 

striqonis Semdeg - misi  
i

W  wona.  

i
c  striqonisa da  , 1, ,

j
c i j N   svetis gadakveTaze Caiwereba 

i j
   

saeqsperto Sefaseba, Tu 
i

c  miznis miRweva aZlierebs (xels uwyobs) 
j

c  miznis 

miRwevas, da 
i j

  Sefaseba, Tu, piriqiT, asustebs. 

aseT  0 1
ij ij

    saeqsperto Sefasebas, romelic asaxavs 
i

c  miznis ze-

moqmedebis Zalas 
j

c  mizanze regionis mdgradi ganviTarebis dagegmvisas, 

SeiZleba mexuTe cxriliT mocemuli forma gaaCndes. 
praqtikaSi 

ij
 Sefaseba SeiZleba ar emTxveodes wertilebs am cxrilis 

skalaze da imyofebodes maT Soris. magaliTad, 
i

c  miznis zemoqmedebis Zala 
j

c  

mizanze, roca es Zala Sefasebulia 0,2; 0,4; 0,6 an 0,8 ricxvebiT warmoadgens 
Sualedur mniSvnelobas saTanado sityvier (`Zalian sust~ da `sust~, `sust~ da 
`saSualo~, `saSualo~ da `Zlier~, `Zlier` da `absolutur~) Sefasebebs Soris.  

Tu miznebi gavlenas ar axdens erTmaneTze  0
ij

   an maTi Tanamoqmedebis 

xasiaTi ucnobia, maSin cxrilis  ,
i j

c c  ujredi carieli rCeba. 

cxrili 5. 
i

c  da 
j

c  miznebis urTierTgavlenis Sefasebis sityvieri da ricxviTi skala 

i
c   da  

j
c  miznebis urTierTgavlenis 

Sefasebis sityvieri (verbaluri) skala 

i
c   da  

j
c   miznebis urTierTgavlenis 

Sefasebis ricxviTi skala:  0 1i j i j    

gavlenis ararseboba 0 
Zalian susti gavlena 0,1 

susti gavlena 0,3 
saSualo gavlena 0,5 
Zlieri gavlena 0,7 

absoluturi gavlena 1,0 

 

miznebis urTierTgavlenis kognitur rukaze SemoaqvT raodenobrivi 

maxasiaTeblebi - globaluri  0c  da lokaluri  j
c  miznebis miRwevadobis 

(ingl. reachability) xarisxebi: 

                          0

1 1

,
N N

ij i

j i

J c W
 

                         (5) 

                            
1 1

0

1 1

.

N N

i j i i j i

i i
j N N

i j i

j i

W W

J c
J c

W

 



 

 

 
 



 


          (6)  
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yvela lokaluri miznis simravle aRvniSnoT  C  simboloTi, amosaRebi 

miznebis qvesimravle - *
C -Ti, xolo misi simZlavre - *

C  niSniT. miznebis   

qvesimravlis miRwevadobis xarisxi am miznebis urTierTgavlenis gaTvalis-
winebiT ganisazRvreba Semdegi TanafardobiT: 

                              *

1j jk
J C J c J c                (7) 

 *
J C sididis maqsimaluri dasaSvebi mniSvneloba aRvniSnoT asoTi. maSin 

lokaluri miznebis minimizaciis amocana SeiZleba aseTnairad Camoyalibdes: 

ganisazRvros iseTi *
C  daC , rom erTdroulad sruldebodes Semdegi pirobebi: 

                    
 *

*
.

max

J C

C

  


 
                            (8) 

aseTi tipis amocanebis gadasaWrelad ki mravali efeqturi algoriTmia 
cnobili. 
 
samuSao Sesrulebulia SoTa rusTavelis erovnuli samecniero fondisa da ukrainis 
samecniero teqnologiuri centris erToblivi miznobrivi kvlevebisa da ganviTarebis 
programis finansuri mxardaWeriT (granti MTCU/64/4-141/14 da granti 6076). 
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SUMMARY 
STRUCTURING AND «АEIGHING» OF THE GOALS IN THE TASK OF SUSTAINABLE 
DEVELOPMENT OF THE REGION 
Prangishvili A.I., Namicheishvili N.O., Gasitashvili Z.A., Verulava D.Y. and Kiknadze M.G. 
Georgian Technical University  
A significant step in the establishment, development and realization of the organizational system is a pre-design 
analysis and modeling. The development of modern, large-scale and complex systems revived interest in the 
techniques of their modeling, including the development and analysis of the system model. We can formulate a 
set of goals and factors based on the analysis of complex organizational systems. Usually, these goals are 
structured, i.e. consist of sub-goals, these sub-goals may include other sub-goals, etc. As a result, we get a list of 
atomic goals. The number of sub-goals may be very large. Also we must underline that particular elements of 
these atomic goals do not have an equal impact on the  main goal. The selection of an optimal set of system goals 
and information technology for system operation includes several stages. The objective of the paper is to develop 
the theory and methodology of economic-mathematical modeling based on a cognitive approach to the research 
methodology and decision-making for sustainable development of regional socio-economic systems. The present 
study considers the possibility of applying the cognitive analysis to the solution of the following tasks: 
minimization of the local goals based on the  mathematical model; selection of more important goals among the 
obtained local goals; expert estimation of goals interrelation  and establishment  of   goals weights for the 
developed model; minimization of the local goals based on the mathematical model; construction of the model of 
the region sustainable development based on the cognitive modeling methodology. 
Keywords: local goals, weights of goals, expert estimation, tree of goal, structurization of system goals, 
indicators of sustainable development. 
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ɄɈɆɉȿɇɋȺɐɂə ɂɋɄȺɀȿɇɂɃ ɋɂȽɇȺɅɈȼ ȼ ɉɊɈɋɌɈɃ 

ȼɈɋɉɊɈɂɁȼɈȾəɓȿɃ ɋɂɋɌȿɆȿ 

 

Ɇɨɪɨɡɨɜ ȼ.ɉ., Ȼɚɛɚɹɧ Ɋ.Ɋ. 
 

ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢɦ. ȼ.Ⱥ. Ɍɪɚɩɟɡɧɢɤɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

ȼɜɟɞɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɬɟɪɦɢɧ «ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ» ɭɩɨɬɪɟɛɥɹɟɬɫɹ ɜ ɫɜɹɡɢ ɫ ɩɨɧɹɬɢɟɦ ɜɨɫɩ-

ɪɨɢɡɜɨɞɹɳɟɣ ɫɢɫɬɟɦɵ, ɤɚɤ ɨɧɨ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɜ ɪɚɛɨɬɚɯ ə.Ɂ. ɐɵɩɤɢɧɚ ɢ ȼ.Ƚ. ȼɚɫɢɥɶɟɜɚ Д1Ж. 
ɉɨɞ ɬɚɤɨɣ ɫɢɫɬɟɦɨɣ ɩɨɞɪɚɡɭɦɟɜɚɥɨɫɶ ɭɫɬɪɨɣɫɬɜɨ ɫ ɥɸɛɵɦ ɩɪɢɧɰɢɩɨɦ ɞɟɣɫɬɜɢɹ, ɧɚɡɧɚɱɟɧɢɟ 
ɤɨɬɨɪɨɝɨ – ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ ɟɝɨ ɜɯɨɞ ɫɢɝɧɚɥ ɜ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɩɪɢ ɡɚɞɚɧɧɨɦ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɢɯ ɜɪɟɦɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. ɉɨ ɯɚɪɚɤɬɟɪɭ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɜɵɯɨɞɚ 
(ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟɦ) ɢ ɫɢɝɧɚɥɨɦ ɜɯɨɞɚ (ɜɨɡɞɟɣɫɬɜɢɟɦ) ɢɡ ɦɧɨɠɟɫɬɜɚ ɜɨɫɩɪɨɢɡɜɨɞɹɳɢɯ ɫɢɫɬɟɦ 
ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɫɢɫɬɟɦɵ ɩɪɨɫɬɨɝɨ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪ ɬɪɟɛɭɟɦɨɝɨ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɜɵɯɨɞɚ Uɜɵɯ (t) ɢ ɜɯɨɞɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ Uɜɯ(t) ɨɩɢɫɵɜɚɟɬɫɹ 
ɪɚɜɟɧɫɬɜɨɦ 

 

     Uɜɵɯ (t) = KUɜɯ(t).                                                       (1) 

 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɢɡ ɩɪɨɫɬɵɯ ɜɨɫɩɪɨɢɡɜɨɞɹɳɢɯ ɫɢɫɬɟɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɥɧɨɫɬɶɸ 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɫɨɨɬɧɨɲɟɧɢɸ (1) ɚɧɚɥɨɝɨɜɵɣ ɦɚɫɲɬɚɛɧɵɣ ɛɥɨɤ, ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɤɚɱɟɫɬɜɟ 
ɢɧɜɟɪɬɢɪɭɸɳɟɝɨ ɭɫɢɥɢɬɟɥɹ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ K – ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ (ɦɚɫɲɬɚ-

ɛɢɪɨɜɚɧɢɹ) ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɭɪɚɜɧɟɧɢɢ (1). ȼ ɫɯɟɦɟ ɬɚɤɨɝɨ ɛɥɨɤɚ (ɪɢɫ. 1) ɧɚ ɨɩɟɪɚɰɢɨɧɧɨɦ 
ɭɫɢɥɢɬɟɥɟ (Ɉɍ) ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ (ɈɈɋ) ɞɥɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɟɡɢɫɬɨɪɨɜ ɧɚ 
ɜɯɨɞɟ ɜɯR  ɢ ɜ ɰɟɩɢ ɈɈɋ – ɨɫR ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɨɫR / ɜɯR = K [2].  

 
Ɋɢɫ.1. Cɯɟɦɚ ɚɧɚɥɨɝɨɜɨɝɨ ɦɚɫɲɬɚɛɧɨɝɨ ɛɥɨɤɚ 

 

ɇɟɬɪɭɞɧɨ ɩɪɨɜɟɪɢɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ ɨɛɪɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɞɟɥɟɧɢɹ 
ɧɚ K) ɬɨɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɛɥɨɤɚ ɪɢɫ. 1 ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɟɧ ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ. 
Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ ДγЖ, ɪɟɚɥɢɡɨɜɚɬɶ ɬɪɟɛɭɟɦɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɟɳɟ ɨɞɢɧ 
ɪɟɡɢɫɬɢɜɧɵɣ ɞɟɥɢɬɟɥɶ ɢɡ ɪɟɡɢɫɬɨɪɨɜ ɨɫR ɢ ɜɯR , ɜɤɥɸɱɟɧɧɵɯ ɦɟɠɞɭ ɜɵɯɨɞɨɦ ɢ ɜɯɨɞɨɦ ɛɥɨɤɚ 
ɪɢɫ. 1, ɟɫɥɢ ɬɨɱɤɚ ɢɯ ɫɨɟɞɢɧɟɧɢɹ ɩɨɞɤɥɸɱɟɧɚ ɤ  ɜɯɨɞɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɨɤɚ ɜ ɧɚɩɪɹɠɟɧɢɟ. 
Ɍɚɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɜɬɨɪɨɣ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ 
(ȾɈɍ), ɨɯɜɚɱɟɧɧɵɣ ɈɈɋ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɨɫR , ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.β. ȼ 
ɫɥɭɱɚɟ ɬɨɱɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ (1) ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ȾɈɍ ɛɭɞɟɬ ɪɚɜɟɧ ɧɭɥɸ, ɩɨɫɤɨɥɶɤɭ 

ɧɚɩɪɹɠɟɧɢɟ U ɜɵɯɩɨɥɧɨɫɬɶɸ ɫɤɨɦɩɟɧɫɢɪɭɟɬ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ. 
ȿɫɥɢ ɠɟ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɢɫɤɚɠɟɧ ɢ ɜ ɤɚɤɨɣ-ɬɨ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɨɱɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ U, ɬɨ-ɟɫɬɶ ɪɚɜɟɧ Uɜɵɯ – U (ɪɢɫ. β), ɬɨ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɩɨɝɪɟɲɧɨɫɬɢ ɛɭɞɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ Uɜɵɯ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɜɵɯɨɞɟ ȾɈɍ ɛɭɞɟɬ ɧɟɩɪɟɪɵɜɧɨ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɫ 
ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɝɨ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɨɫɧɨɜɧɨɝɨ Ɉɍ [3]. 
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Ɋɢɫ. 2. 

 

ɂɦɟɹ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɦɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɝɪɟɲɧɨɫɬɢ, 
ɦɨɠɧɨ ɩɵɬɚɬɶɫɹ ɨɫɭɳɟɫɬɜɢɬɶ ɤɨɦɩɟɧɫɚɰɢɸ ɩɨɝɪɟɲɧɨɫɬɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ 
ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ. ɂɦɟɧɧɨ ɷɬɨ ɢ ɹɜɥɹɟɬɫɹ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

 

ɉɪɢɧɰɢɩ ɤɨɦɩɟɧɫɚɰɢɢɢ ɢ ɫɯɟɦɚ ɛɥɨɤɚ 
ɂɡɥɨɠɟɧɧɨɟ ɜ ɩɪɟɞɵɞɭɳɟɦ ɪɚɡɞɟɥɟ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ 

ɩɨɝɪɟɲɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ ɢɦɟɸɳɢɟɫɹ ɜ ɱɢɫɬɨɦ ɜɢɞɟ 
ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɦɚɫɲɬɚɛɧɨɝɨ ɛɥɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ, ɬɨ-

ɟɫɬɶ ɪɟɚɥɢɡɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ  
 

Uɜɵɯ– U + U= Uɜɵɯ,         (2) 

 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɨɱɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ (ɢɞɟɚɥɶɧɨɦɭ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɸ).  
 

 
Ɋɢɫ.3. 

 

Ɉɩɟɪɚɰɢɹ ɫɭɦɦɢɪɨɜɚɧɢɹ ɞɜɭɯ ɧɟɩɪɟɪɵɜɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɛɚɡɢɫɟ ɚɧɚɥɨɝɨɜɵɯ ɨɩɟɪɚɰɢɨɧɧɵɯ 
ɛɥɨɤɨɜ ɧɟɫɨɦɧɟɧɧɨ ɨɬɧɨɫɢɬɫɹ ɤ ɷɥɟɦɟɧɬɚɪɧɵɦ. Ɉɞɧɚɤɨ ɬɪɚɞɢɰɢɨɧɧɵɣ ɩɭɬɶ, ɚ ɢɦɟɧɧɨ ɜɜɟɞɟɧɢɟ 
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ɜ ɫɯɟɦɭ ɪɢɫ. β ɟɳɟ ɨɞɧɨɝɨ, ɬɪɟɬɶɟɝɨ Ɉɍ ɢ ɫɥɨɠɟɧɢɟ ɫɢɝɧɚɥɶɧɵɯ ɬɨɤɨɜ ɜ ɟɝɨ ɫɭɦɦɢɪɭɸɳɟɣ 
ɬɨɱɤɟ, ɛɵɥ ɛɵ ɫɥɢɲɤɨɦ ɡɚɬɪɚɬɧɵɦ ɫ ɚɩɩɚɪɚɬɭɪɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. Ȼɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɧɚ ɧɚɲ 
ɜɡɝɥɹɞ, ɜɵɩɨɥɧɢɬɶ ɫɭɦɦɢɪɨɜɚɧɢɟ ɧɚ ȾɈɍ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɯɟɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. γ. 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɯɟɦɟ ɧɚ ɜɵɯɨɞ ȾɈɍ ɫɢɝɧɚɥ ɩɨɝɪɟɲɧɨɫɬɢ U ɩɨɫɬɭɩɚɟɬ, ɤɚɤ ɢ ɜ ɫɯɟɦɟ 
ɪɢɫ. β, ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɷɥɟɦɟɧɬɵ ɰɟɩɢ ɜɵɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɨɫɬɚɜɥɟɧɵ ɛɟɡ ɢɡɦɟɧɟɧɢɹ. ɇɨ 
ɩɨɦɢɦɨ ɷɬɨɝɨ ɧɚ ɜɵɯɨɞ ȾɈɍ ɩɪɨɯɨɞɢɬ ɬɚɤɠɟ ɫɢɝɧɚɥ ɫ ɟɝɨ ɧɟ ɢɧɜɟɪɬɢɪɭɸɳɟɝɨ ɜɯɨɞɚ, 

ɫɨɞɟɪɠɚɳɢɣ ɩɨɝɪɟɲɧɨɫɬɶ, ɩɨɫɬɭɩɚɸɳɭɸ ɧɚ ɜɵɯɨɞ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ, ɬɚɤ ɱɬɨ ɤɨɦɩɟɧɫɚɰɢɹ ɜ 
ɩɪɢɧɰɢɩɟ ɜɨɡɦɨɠɧɚ. ɉɪɢɧɹɜ ɷɬɨ ɜ ɤɚɱɟɫɬɜɟ ɭɫɥɨɜɢɹ, ɨɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɭ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɪɟɡɢɫɬɨɪɚ, ɜɤɥɸɱɟɧɧɨɝɨ ɦɟɠɞɭ ɧɟɢɧɜɟɪɬɢɪɭɸɳɢɦ ɜɯɨɞɨɦ ȾɈɍ ɢ ɨɛɳɟɣ ɲɢɧɨɣ (ɡɟɦɥɟɣ).ɉɪɢ 
ɷɬɨɦ ɧɟ ɛɭɞɟɦ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɤɨɧɤɪɟɬɧɨɟ ɡɧɚɱɟɧɢɟ, ɭɤɚɡɚɧɧɨɟ ɧɚ ɪɢɫ. γ, ɩɨɫɤɨɥɶɤɭ ɜ 
ɧɚɱɚɥɟ ɪɚɫɱɟɬɚ ɷɬɨ ɡɧɚɱɟɧɢɟ ɧɚɦ ɟɳɟ ɧɟ ɢɡɜɟɫɬɧɨ. ɍɤɚɠɟɦ, ɨɞɧɚɤɨ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɪɟɡɢɫɬɨɪɚ ɦɟɠɞɭ ɜɵɯɨɞɨɦ ɨɫɧɨɜɧɨɝɨ ɢ ɧɟɢɧɜɟɪɬɢɪɭɸɳɢɦ ɜɯɨɞɨɦ ȾɈɍ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɪɚɬɶ 
ɪɚɜɧɵɦ ɨɫR  ɨɫɧɨɜɧɨɝɨ Ɉɍ. ɉɨɷɬɨɦɭ ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɬɨɥɶɤɨ ɧɢɠɧɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɥɢɬɟɥɹ 
ɧɚ ɧɟɢɧɜɟɪɬɢɪɭɸɳɟɦ ɜɯɨɞɟ ȾɈɍ, ɨɛɨɡɧɚɱɢɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɞɟɥɢɬɟɥɹ 
D< 1. Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɯɨɞɚɯ ȾɈɍ, ɤɨɬɨɪɵɟ ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ Ɉɍ ɪɚɜɧɵ 
ɦɟɠɞɭ ɫɨɛɨɣ Д4Жμ 
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Ɂɞɟɫɶ ɫɥɟɜɚ ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɭɦɦɵ ɬɨɤɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɫɭɦɦɢɪɭɸɳɭɸ ɬɨɱɤɭ ȾɈɍ, ɧɚ 
ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɪɚɜɧɨɟ ɩɚɪɚɥɥɟɥɶɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɬɪɟɯ ɪɟɡɢɫɬɨɪɨɜ 
– ɞɜɭɯ ɨɫR ɢ ɜɯR . ȼ ɩɪɚɜɨɣ ɱɚɫɬɢ ɮɨɪɦɭɥɵ (γ) –ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɧɟɢɧɜɟɪɬɢɪɭɸɳɟɦ ɜɯɨɞɟ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɧɚɥɢɱɢɟɦ ɞɟɥɢɬɟɥɹ. ɉɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫ ɭɱɟɬɨɦ 

ɨɫR = ɜɯKR ɢ ɜɵɯU = ɜɯKU ɩɨɥɭɱɢɦμ 
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.                                                                       (4) 

ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɧɢɠɧɟɟ, ɧɟɢɡɜɟɫɬɧɨɟ ɩɨɤɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɱɟɪɟɡ x
R , ɬɨ ɜɵɪɚɠɟɧɢɟ (4) 

ɦɨɠɧɨ ɪɚɫɤɪɵɬɶ ɜ ɜɢɞɟ 

 

1 2ɨɫ

x

R
K

R
   ,                                                                 (5) 

  

ɨɬɤɭɞɚ ɢ ɩɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ 
x ɜɯR R || ɨɫR , ɩɨɤɚɡɚɧɧɨɟ ɧɚ ɪɢɫ. γ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ 

ɉɨ ɦɟɬɨɞɭ ɜɵɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɫɢɝɧɚɥɚ ɢɧɜɟɪɬɢɪɭɸɳɢɦ 
ɦɚɫɲɬɚɛɧɵɦ ɛɥɨɤɨɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɱɚɫɬɨɬɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɯɟɦ ɪɢɫ. 1 ɢ ɪɢɫ. γ. 
ȼ ɤɚɱɟɫɬɜɟ Ɉɍ ɢ ȾɈɍ ɩɪɢɦɟɧɹɥɢɫɶ ɭɫɢɥɢɬɟɥɢ 140ɍȾ17Ⱥ. ɋɬɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɬɨɣ 
ɦɢɤɪɨɫɯɟɦɵ (ΔUɜɯ= ± 75 ɦɤȼ, Iɜɯ = 4 ɦɤȺ) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɫɢɥɢɬɟɥɹɦ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ, ɧɨ 
ɩɨ ɜɟɥɢɱɢɧɟ ɱɚɫɬɨɬɵ ɟɞɢɧɢɱɧɨɝɨ ɭɫɢɥɟɧɢɹ, ɪɚɜɧɨɣ 0,4 ɆȽɰ, ɨɧɚ ɭɫɬɭɩɚɟɬ ɞɚɠɟ ɬɚɤɢɦ 
ɭɫɬɚɪɟɜɲɢɦ Ɉɍ ɤɚɤ 140ɍȾ6. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɞɚɧɧɚɹ ɦɢɤɪɨɫɯɟɦɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɜ ɤɚɱɟɫɬɜɟ 
ɨɛɴɟɤɬɚ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɤɨɦɩɟɧɫɚɰɢɢ ɱɚɫɬɨɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ.  

ɋɪɚɜɧɢɜɚɥɢɫɶ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɝɪɟɲɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ 
ɱɚɫɬɨɬɵ ɞɥɹ ɦɚɫɲɬɚɛɧɵɯ ɛɥɨɤɨɜ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɢɥɟɧɢɹ K = β0, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɫɯɟɦɚɦ 
ɪɢɫ. 1 ɢ ɪɢɫ. γ. Ȼɵɥɢ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɟɡɢɫɬɨɪɨɜμ ɜɯR = 5 ɤɈɦ, 

ɨɫR = 100 ɤɈɦ (ɩɪɢɦɟɧɹɥɢɫɶ ɪɟɡɢɫɬɨɪɵ ɋβ-βλ ɫ ɞɨɩɭɫɤɨɦ  ± 0,1%). Ⱥɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ 
ɫɨɫɬɚɜɥɹɥɢμ ɜɯU = β50 ɦȼ, ɜɵɯU = 5 ȼ (ɧɚ ɧɢɠɧɟɣ ɱɚɫɬɨɬɟ). ɂɡɦɟɪɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
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            ɂɡɦɟɪɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ 

 

ɑɚɫɬɨɬɚ, ɤȽɰ 0,1 0,2 0,4 0,8 1,6 3,2 6,4 

Uɫɯ. Ɋɢɫ. 1 25 50 90 180 380 750 – 

Uɫɯ. Ɋɢɫ. γ 3 5 8 10 20 50 220 

 

ɂɡɦɟɪɟɧɢɹ ɛɵɥɢ ɡɚɜɟɪɲɟɧɵ ɧɚ ɱɚɫɬɨɬɟ 6,4 ɤȽɰ, ɤɨɝɞɚ ɜ ɫɯɟɦɟ ɪɢɫ.1 ɜɨɡɧɢɤɥɢ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɧɟɥɢɧɟɣɧɵɟ ɢɫɤɚɠɟɧɢɹ ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɧɚɪɚɫɬɚɧɢɹ ɜɵɯɨɞɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ  ɩɪɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɫɢɝɧɚɥɚ ɫ ɚɦɩɥɢɬɭɞɨɣ 5 ȼ (ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɫɨɫɬɚɜɥɹɥɨ  
± 1β ȼ. ȼɩɨɥɧɟ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɩɪɢ ɦɟɧɶɲɟɣ ɚɦɩɥɢɬɭɞɟ ɢ ɧɨɦɢɧɚɥɶɧɨɦ ɩɢɬɚɧɢɢ ɱɚɫɬɨɬɧɵɣ 
ɞɢɚɩɚɡɨɧ ɦɨɝ ɛɵɬɶ ɪɚɫɲɢɪɟɧ. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɟɧɫɚɰɢɢ ɢɫɤɚɠɟɧɢɣ ɩɪɟɞɥɨɠɟɧɧɵɦ 
ɫɩɨɫɨɛɨɦ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɲɢɪɟɧɢɸ ɩɨɥɨɫɵ ɱɚɫɬɨɬ, ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɯ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 
1%  ɜ 16 ɪɚɡ.  

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɧɟɥɶɡɹ ɧɟ ɨɬɦɟɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɚɩɩɚɪɚɬɭɪɧɵɯ ɡɚɬɪɚɬ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ. Ɍɟɦ ɛɨɥɟɟ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɫɬɭɩɧɵ Ɉɍ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɟ ɱɚɫɬɨɬɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɱɚɫɬɨɬɚɯ, ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɜɟɫɶɦɚ ɩɨɥɟɡɟɧ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɝɢɛɪɢɞɧɵɯ ɦɢɤɪɨɫɯɟɦ ɭɫɢɥɢɬɟɥɟɣ ɢ ɚɧɚɥɨɝɨɜɵɯ ɮɢɥɶɬɪɨɜ, ɜ ɤɨɦɩɥɟɤɬɨɜɚɧɢɢ 
ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɛɨɪɚ  ɛɟɫɤɨɪɩɭɫɧɵɯ Ɉɍ ɫ ɜɵɫɨɤɢɦɢ ɬɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɞɨɜɨɥɶɧɨ ɨɝɪɚɧɢɱɟɧɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɝɢɛɪɢɞɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ ɞɨɜɨɥɶɧɨ ɨɫɬɪɨ ɫɬɨɹɬ ɜɨɩɪɨɫɵ 
ɷɤɨɧɨɦɢɢ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɨɣɚɤɬɢɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ Д5Ж, ɚ ɷɤɨɧɨɦɢɱɧɵɟ Ɉɍ ɨɛɥɚɞɚɸɬ 
ɩɨɧɢɠɟɧɧɵɦɢ ɱɚɫɬɨɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɫɯɟɦɧɨɝɨ 
ɪɟɲɟɧɢɹ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɧɚɥɢɱɢɟ ɜɫɟɝɨ ɞɜɭɯ ɧɨɦɢɧɚɥɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɛɥɟɝɱɢɬɶ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɝɢɛɪɢɞɧɨɣ ɦɢɤɪɨɫɯɟɦɵ. 
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DISTORSION COMPENSATION IN SIMPLE REPRODUCING SYSTEMS 
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V. Trapeznikov Institute of Control Sciences of  RAS, Moscow, Russia 

The circuit of the analog scaling unit with additional amplifier circuitry for distortions extraction and 

compensation is presented.  
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ɆȿɏȺɇɂɁɆɕ ɍɆɇɈȽɈ ɍɉɊȺȼɅȿɇɂə 
 

Ȼɭɪɤɨɜ ȼ.ɇ., Ȼɭɪɤɨɜɚ ɂ.ȼ., Ƚɚɫɢɬɚɲɜɢɥɢ Ɂ.Ⱥ., Ƚɨɪɝɢɞɡɟ ɂ.Ⱥ., Ⱦɠɚɜɚɯɚɞɡɟ Ƚ.ɋ., 
ɏɭɰɢɲɜɢɥɢ ɋ.Ⱥ. 

 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢɦ. ȼ.Ⱥ. Ɍɪɚɩɟɡɧɢɤɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

Ƚɪɭɡɢɧɫɤɢɣ ɬɟɯɧɢɱɟɫɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
 

Ⱦɜɚɞɰɚɬɶ ɩɟɪɜɵɣ ɜɟɤ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɜɟɤɨɦ «ɭɦɧɵɯ ɜɟɳɟɣ» (ɭɦɧɵɣ ɞɨɦ, ɭɦɧɚɹ 
ɦɚɲɢɧɚ, ɭɦɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬ.ɞ.) 

ɇɚɫɬɚɥɨ ɜɪɟɦɹ ɢ «ɭɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ». ɍɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ – ɷɬɨ ɭɦɧɵɟ ɪɭɤɨɜɨɞɢɬɟɥɢ 
ɩɥɸɫ ɭɦɧɵɟ ɦɟɯɚɧɢɡɦɵ. Ɉ ɪɭɤɨɜɨɞɢɬɟɥɹɯ ɩɨɝɨɜɨɪɢɦ ɩɨɡɠɟ. Ⱥ ɱɬɨ ɬɚɤɨɟ «ɭɦɧɵɟ ɦɟɯɚɧɢɡɦɵ»? 
ɍɦɧɵɟ ɦɟɯɚɧɢɡɦɵ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɫɜɨɣɫɬɜ, ɩɨɥɟɡɧɵɯ ɞɥɹ ɨɛɳɟɫɬɜɚ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɦɟɯɚɧɢɡɦ 
– ɫɢɥɶɧɟɣɲɢɣ ɜɨɫɩɢɬɚɬɟɥɶ. ȼɫɩɨɦɧɢɦ ɢɡɜɟɫɬɧɨɟ ɜɵɪɚɠɟɧɢɟ «Ȼɵɬɢɟ ɨɩɪɟɞɟɥɹɟɬ ɫɨɡɧɚɧɢɟ». Ɉɧɨ 
ɧɟ ɫɨɜɫɟɦ ɩɪɚɜɢɥɶɧɨɟ. ɋɨɡɧɚɧɢɟ ɢɡɦɟɧɢɬɶ ɨɱɟɧɶ ɬɪɭɞɧɨ. ɑɟɫɬɧɨ ɝɨɜɨɪɹ, ɩɨ ɭɪɨɜɧɸ ɫɨɡɧɚɧɢɹ 
ɫɨɜɪɟɦɟɧɧɵɣ ɱɟɥɨɜɟɤ ɧɟɞɚɥɟɤɨ ɭɲɟɥ ɨɬ ɩɟɪɜɨɛɵɬɧɵɯ ɥɸɞɟɣ. Ȼɨɥɟɟ ɩɪɚɜɢɥɶɧɨ ɝɨɜɨɪɢɬɶ 
«Ȼɵɬɢɟ ɨɩɪɟɞɟɥɹɟɬ ɩɨɜɟɞɟɧɢɟ». ɂɡɦɟɧɢɬɶ ɦɟɯɚɧɢɡɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɨɜɟɞɟɧɢɟ ɱɟɥɨɜɟɤɚ 
ɢɡɦɟɧɢɬɫɹμ ɥɠɢɜɵɣ ɫɬɚɧɟɬ ɱɟɫɬɧɵɦ, ɥɟɧɬɹɣ – ɬɪɭɞɨɥɸɛɢɜɵɦ ɢ ɬ.ɞ. Ɍɚɤ ɜɨɬ, ɭɦɧɵɟ ɦɟɯɚɧɢɡɦɵ 
ɷɬɨ ɬɚɤɢɟ ɦɟɯɚɧɢɡɦɵ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬ ɩɨɜɟɞɟɧɢɟ ɱɟɥɨɜɟɤɚ ɜ ɥɭɱɲɭɸ ɫɬɨɪɨɧɭ, ɬɨ ɟɫɬɶ 
ɜɨɫɩɢɬɵɜɚɸɬ ɱɟɫɬɧɨɫɬɶ, ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ, ɫɤɪɨɦɧɨɫɬɶ, ɛɟɪɟɠɥɢɜɨɫɬɶ, ɫɬɪɟɦɥɟɧɢɟ ɤ ɪɚɡɜɢɬɢɸ.  
ɋɨɡɞɚɧɢɟɦ ɭɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɡɚɧɢɦɚɟɬɫɹ ɬɟɨɪɢɹ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɹɞ ɬɚɤɢɯ ɦɟɯɚɧɢɡɦɨɜ. 
ɇɟɦɚɧɢɩɭɥɢɪɭɟɦɵɟ ɦɟɯɚɧɢɡɦɵ ɢɥɢ ɜɨɫɩɢɬɚɧɢɟ ɱɟɫɬɧɨɫɬɢ – ɷɬɨ ɦɟɯɚɧɢɡɦɵ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɱɟɥɨɜɟɤɭ ɜɵɝɨɞɧɨ ɛɵɬɶ ɱɟɫɬɧɵɦ, ɬɨ ɟɫɬɶ ɫɨɨɛɳɚɬɶ ɞɨɫɬɨɜɟɪɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ 
ɜɨɡɦɨɠɧɨɫɬɹɯ, ɩɨɬɪɟɛɧɨɫɬɹɯ, ɰɟɥɹɯ.  

Ƚɥɚɜɧɵɣ ɩɪɢɧɰɢɩ ɧɟɦɚɧɢɩɭɥɢɪɭɟɦɵɯ ɦɟɯɚɧɢɡɦɨɜ (ɢɯ ɟɳɟ ɧɚɡɵɜɚɸɬ ɦɟɯɚɧɢɡɦɚɦɢ «ɱɟɫɬɧɨɣ 
ɢɝɪɵ») ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦμ ɪɟɲɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɟ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɧɟ 
ɞɨɥɠɧɵ ɧɚɜɪɟɞɢɬɶ ɬɟɦ, ɤɬɨ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ ɫɨɨɛɳɚɟɬ! ɉɪɨɫɬɨɣ ɢ ɩɨɧɹɬɧɵɣ ɩɪɢɧɰɢɩ, ɧɨ ɤɚɤ 
ɱɚɫɬɨ ɨɧ ɧɚɪɭɲɚɟɬɫɹ. 

ɋɨɝɥɚɫɨɜɚɧɧɵɟ ɦɟɯɚɧɢɡɦɵ ɢɥɢ ɜɨɫɩɢɬɚɧɢɟ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ – ɷɬɨ ɦɟɯɚɧɢɡɦɵ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɢɫɩɨɥɧɢɬɟɥɹɦ ɜɵɝɨɞɧɨ ɜɵɩɨɥɧɢɬɶ ɩɪɢɧɹɬɵɟ ɨɛɹɡɚɬɟɥɶɫɬɜɚ ɢ ɩɥɚɧɵ, ɬɨ ɟɫɬɶ ɨɧɢ 
ɜɨɫɩɢɬɵɜɚɸɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ. 

Ɉɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜμ ɩɥɚɧɵ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɝɨɞɧɵɦɢ ɞɥɹ 
ɢɫɩɨɥɧɢɬɟɥɟɣ. ɇɟɦɧɨɝɨ ɢɫɬɨɪɢɢ. ȼ 70-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɜ ɫɨɜɟɬɫɤɨɣ ɷɤɨɧɨɦɢɤɟ 
ɝɥɚɜɟɧɫɬɜɨɜɚɥɚ ɢɞɟɨɥɨɝɢɹ ɋɈɎɗ (ɫɢɫɬɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɤɨɧɨɦɢɤɢ). ɋɭɬɶ 
ɟɟ ɜ ɫɥɟɞɭɸɳɟɦ. Ɋɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ ɧɚɪɨɞɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɵɣ ɩɥɚɧ. Ɂɚɬɟɦ ɷɬɨɬ ɩɥɚɧ 
ɞɟɥɚɟɬɫɹ ɜɵɝɨɞɧɵɦ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɣ ɧɚ ɨɫɧɨɜɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɞɜɨɣɫɬɜɟɧɧɵɯ ɨɰɟɧɨɤ 
ɚɤɚɞɟɦɢɤɚ Ʌ.ȼ. Ʉɚɧɬɨɪɨɜɢɱɚ. Ɉɞɧɚɤɨ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɢɧɬɟɪɟɫɵ ɩɪɟɞɩɪɢɹɬɢɣ ɧɟ ɭɞɚɥɨɫɶ  
«ɭɥɨɠɢɬɶ» ɜ ɠɟɫɬɤɭɸ ɫɬɪɭɤɬɭɪɭ ɞɜɨɣɫɬɜɟɧɧɵɯ ɨɰɟɧɨɤ. ȼ ɩɨɫɥɟɞɧɢɯ ɪɚɛɨɬɚɯ ɚɤɚɞɟɦɢɤ Ʌ.ȼ. 
Ʉɚɧɬɨɪɨɜɢɱ ɩɪɢɡɧɚɜɚɥ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɢɞɟɨɥɨɝɢɢ ɞɜɨɣɫɬɜɟɧɧɨɫɬɢ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ 
ɫɨɝɥɚɫɨɜɚɧɢɹ ɢɧɬɟɪɟɫɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɫ ɢɧɬɟɪɟɫɚɦɢ ɝɨɫɭɞɚɪɫɬɜɚ. ȼ 80-ɯ ɝɨɞɚɯ  ɧɚɦɢ ɛɵɥɚ 
ɩɪɟɞɥɨɠɟɧɚ ɞɪɭɝɚɹ ɢɞɟɨɥɨɝɢɹ ɋɈɋɎɗ (ɫɢɫɬɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɢ-
ɪɨɜɚɧɢɹ ɷɤɨɧɨɦɢɤɢ). Ȼɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɫɤɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɧɚɪɨɞɧɨɯɨɡɹɣɫɬɜɟɧɧɵɣ ɩɥɚɧ ɧɚ 
ɦɧɨɠɟɫɬɜɟ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɩɥɚɧɨɜ, ɬɨ ɟɫɬɶ ɩɥɚɧɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɩɪɢɹɬɢɹɦ ɜɵɝɨɞɧɨ ɜɵɩɨɥɧɹɬɶ. 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦμɩɪɢ ɞɨɫɬɚɬɨɱɧɨ 
ɨɛɳɢɯ ɭɫɥɨɜɢɹɯ ɨɩɬɢɦɚɥɶɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦ ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ. ɋɢɫɬɟɦɵ ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɧɟɞɪɟɧɵ ɧɚ ɪɹɞɟ ɩɪɟɞɩɪɢɹɬɢɣ 
Ʉɚɡɚɯɫɬɚɧɚ ɢ Ɍɜɟɪɫɤɨɣ ɨɛɥɚɫɬɢ. ɉɨ ɫɭɬɢ ɞɟɥɚ ɢɞɟɨɥɨɝɢɹ ɋɈɋɎɗ ɭɠɟ ɜɟɫɶɦɚ ɛɥɢɡɤɚ ɤ ɪɢɫɤɭ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɩɪɟɞɩɪɢɹɬɢɟ ɩɨɥɭɱɚɟɬ ɜɵɝɨɞɧɵɣ ɞɥɹ ɫɟɛɹ ɩɥɚɧ, ɬɨ ɷɬɨɬ ɩɥɚɧ ɨɧɨ ɛɵ 
ɜɵɛɪɚɥɨ ɢ ɜ ɭɫɥɨɜɢɹɯ ɪɵɧɤɚ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɷɬɨ «ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɪɵɧɨɤ» ɜ ɭɫɥɨɜɢɹɯ 
ɩɥɚɧɨɜɨɣ ɫɢɫɬɟɦɵ. Ʉ ɤɨɧɰɭ 80-ɯ ɝɨɞɨɜ ɢɞɟɨɥɨɝɢɹ ɋɈɋɎɗ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ, ɩɪɨɜɟɪɟɧɚ ɧɚ 
ɩɪɚɤɬɢɤɟ ɢ ɝɨɬɨɜɚ ɤ ɦɚɫɫɨɜɨɦɭ ɜɧɟɞɪɟɧɢɸ. ɇɨ ɩɟɪɟɫɬɪɨɣɤɚ ɫɩɭɬɚɥɚ ɜɫɟ ɤɚɪɬɵ. Ɉɞɧɚɤɨ, ɦɵ 
ɫɱɢɬɚɟɦ. ɑɬɨ ɟɳɟ ɧɟ ɩɨɡɞɧɨ ɜɟɪɧɭɬɶɫɹ ɤ ɩɥɚɧɨɜɨɣ ɷɤɨɧɨɦɢɤɟ ɧɚ ɨɫɧɨɜɟ ɢɞɟɨɥɨɝɢɢ 
ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ. 

ɋɨɜɟɬɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɪɟɤɨɦɟɧɞɚɰɢɢ (ɫɨɜɟɬɵ) ɥɢɰɭ, ɩɪɢɧɢɦɚɸɳɟɦɭ 
ɪɟɲɟɧɢɹ (ɅɉɊ). ɗɬɨ ɦɨɝɭɬ ɛɵɬɶ ɤɨɦɩɶɸɬɟɪɧɵɟ ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ, ɥɢɛɨ ɝɪɭɩɩɚ ɷɤɫɩɟɪɬɨɜ. 
ɋɨɜɟɬɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɛɵɜɚɸɬ ɞɜɭɯ ɬɢɩɨɜ – ɩɚɫɫɢɜɧɵɟ ɫɨɜɟɬɱɢɤɢ ɢ ɚɤɬɢɜɧɵɟ ɫɨɜɟɬɱɢɤɢ. 
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ɉɚɫɫɢɜɧɵɟ ɫɨɜɟɬɱɢɤɢ ɧɟ ɨɬɜɟɱɚɸɬ ɡɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɜɨɟɝɨ ɫɨɜɟɬɚ (ɧɚɩɪɢɦɟɪ, ɩɪɨɝɧɨɡ ɩɨɝɨɞɵ 
ɢɥɢ ɜɚɥɸɬɧɨɝɨ ɤɭɪɫɚ). ȼ ɫɥɭɱɚɟ ɚɤɬɢɜɧɵɯ ɫɨɜɟɬɱɢɤɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɫɨɜɟɬɱɢɤɚ ɫ ɪɟɲɟɧɢɟɦ ɅɉɊ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɬɢɦɭɥɢɪɨɜɚɧɢɟɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɩɚɫɫɢɜɧɨɝɨ ɫɨɜɟɬɱɢɤɚ. ȼ 80-ɯ ɝɨɞɚɯ ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɊȺɇ ɩɪɨɜɨɞɢɥ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ Ⱥɤɚɞɟɦɢɟɣ ɧɚɭɤ Ȼɨɥɝɚɪɢɢ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɜɨɞɧɵɦɢ ɪɟɫɭɪɫɚɦɢ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɵɥ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɫɭɳɟɫɬɜɭɸɳɢɣ 
ɦɟɯɚɧɢɡɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ. Ɉɧ ɨɤɚɡɚɥɫɹ ɜɟɫɶɦɚ ɩɪɨɫɬɵɦ. ȼɫɟ ɩɨɬɪɟɛɢɬɟɥɢ 
ɧɚɩɪɚɜɥɹɥɢ ɡɚɹɜɤɢ ɧɚ ɬɪɟɛɭɟɦɭɸ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɜɨɞɟ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜɨɞɵ ɧɚ ɜɫɟɯ ɧɟ ɯɜɚɬɚɥɨ, 
ɩɨɷɬɨɦɭ ɡɚɹɜɤɢ «ɭɪɟɡɚɥɢɫɶ» ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɟɥɢɱɢɧɟ ɡɚɹɜɥɟɧɧɨɣ ɩɨɬɪɟɛɧɨɫɬɢ. Ɏɚɤɬɢɱɟɫɤɢ 
ɞɟɣɫɬɜɨɜɚɥ ɩɪɢɧɰɢɩ «ɛɨɥɶɲɟ ɩɪɨɫɢɲɶ – ɛɨɥɶɲɟ ɩɨɥɭɱɚɟɲɶ», ɱɬɨ ɟɫɬɟɫɬɜɟɧɧɨ ɩɪɢɜɨɞɢɥɨ ɤ 
ɬɟɧɞɟɧɰɢɢ ɪɨɫɬɚ ɡɚɹɜɨɤ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɢɫɤɭɫɫɬɜɟɧɧɵɣɞɟɮɢɰɢɬ»). Ȼɵɥɨ ɹɫɧɨ, ɱɬɨ ɟɫɥɢ ɧɟ 
ɫɦɟɧɢɬɶ ɩɪɢɧɰɢɩ, ɡɚɞɚɱɭ ɧɟ ɪɟɲɢɬɶ. Ɇɵ ɜɡɹɥɢ ɡɚ ɨɫɧɨɜɭ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɩɪɢɧɰɢɩ «ɛɨɥɶɲɟ 
ɩɪɨɫɢɲɶ – ɦɟɧɶɲɟ ɩɨɥɭɱɚɟɲɶ» (ɧɨ ɧɟ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɨɫɢɲɶ). Ɉɛɨɫɧɨɜɚɧɢɟ ɩɪɢɧɰɢɩɚ ɞɨɜɨɥɶɧɨ 
ɩɪɨɫɬɨɟ. ɉɨɞɟɥɢɜ ɩɨɬɟɪɢ ɩɨɬɪɟɛɢɬɟɥɹ, ɩɪɢ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɜɨɞɵ ɧɚ ɡɚɹɜɤɭ, ɦɵ ɩɨɥɭɱɚɥɢ 
ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɹɬɶ ɜɨɞɭ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɟɥɢɱɢɧɟ 
ɭɞɟɥɶɧɵɯ ɩɨɬɟɪɶ. ɇɨ ɡɚɹɜɤɚ ɫɬɨɢɬ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɢ ɱɟɦ ɨɧɚ ɛɨɥɶɲɟ, ɬɟɦ ɦɟɧɶɲɟ ɭɞɟɥɶɧɵɟ 
ɩɨɬɟɪɢ!ɉɪɨɛɥɟɦɚ ɛɵɥɚ ɪɟɲɟɧɚ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɫɬɪɚɬɟɝɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɪɨɫɢɬɶ 
ɞɚɠɟ ɦɟɧɶɲɟ, ɱɟɦ ɬɪɟɛɭɟɬɫɹ. ɗɬɨɬ ɩɪɢɧɰɢɩ, ɧɚɡɜɚɧɧɵɣ ɩɪɢɧɰɢɩɨɦ «ɨɛɪɚɬɧɵɯ ɩɪɢɨɪɢɬɟɬɨɜ» 
ɛɵɥ ɜɧɟɞɪɟɧ ɬɚɤɠɟ ɜ ɪɚɞɢɨɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɤɨɦɩɥɟɤɬɭɸɳɢɯ.  

ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪ ɚɤɬɢɜɧɨɝɨ ɫɨɜɟɬɱɢɤɚ. ȼ ɦɟɬɚɥɥɭɪɝɢɢ ɢɦɟɟɬɫɹ ɜɟɫɶɦɚ ɫɥɨɠɧɵɣ 
ɩɪɨɰɟɫɫ ɜɵɩɥɚɜɤɢ ɫɬɚɥɢ. ɂɦ ɭɩɪɚɜɥɹɟɬ ɨɩɟɪɚɬɨɪ. ɍɱɟɧɵɟ ɪɚɡɪɚɛɨɬɚɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 
ɨɛɭɱɚɸɳɭɸɫɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ (ɫɨɜɟɬɱɢɤ ɨɩɟɪɚɬɨɪɚ). ɋɧɚɱɚɥɚ ɷɬɨ ɛɵɥ ɩɚɫɫɢɜɧɵɣ ɫɨɜɟɬɱɢɤ. 
ɉɨɫɤɨɥɶɤɭ ɫɨɜɟɬɱɢɤ ɨɛɭɱɚɥɫɹ, ɬɨ ɟɝɨ ɩɟɪɜɵɟ ɫɨɜɟɬɵ ɛɵɥɢ ɧɟ ɨɱɟɧɶ ɤɚɱɟɫɬɜɟɧɧɵɦɢ. ɋ ɬɟɱɟɧɢɟɦ 
ɜɪɟɦɟɧɢ ɨɩɟɪɚɬɨɪ ɩɟɪɟɫɬɚɜɚɥ ɨɛɪɚɳɚɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɪɟɤɨɦɟɧɞɚɰɢɢ ɫɨɜɟɬɱɢɤɚ, ɯɨɬɹ ɨɧ, 
ɨɛɭɱɢɜɲɢɫɶ, ɞɚɜɚɥ ɭɠɟ ɯɨɪɨɲɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ. Ȼɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɫɨɪɟɜɧɨɜɚɧɢɟ 
ɦɟɠɞɭ ɫɨɜɟɬɱɢɤɨɦ ɢ ɨɩɟɪɚɬɨɪɨɦ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɩɥɚɜɤɢ ɫɬɚɥɢ, 
ɦɨɠɧɨ ɛɵɥɨ ɨɰɟɧɢɬɶ, ɱɬɨ ɛɵɥɨ ɷɮɮɟɤɬɢɜɧɟɟ – ɪɟɤɨɦɟɧɞɚɰɢɢ ɫɨɜɟɬɱɢɤɚ ɢɥɢ ɪɟɲɟɧɢɟ 
ɨɩɟɪɚɬɨɪɚ. ȿɫɥɢ ɪɟɲɟɧɢɟ ɨɩɟɪɚɬɨɪɚ ɛɵɥɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ, ɨɧ ɩɨɥɭɱɚɥ ɩɪɟɦɢɸ, ɟɫɥɢ ɧɟɬ, ɬɨ 
ɧɟɬ. ɉɪɢ ɜɧɟɞɪɟɧɢɢ ɬɚɤɢɯ ɚɤɬɢɜɧɵɯ ɫɨɜɟɬɱɢɤɨɜ ɫɢɬɭɚɰɢɹ ɜ ɤɨɪɧɟ ɢɡɦɟɧɢɥɚɫɶ. ɋɧɚɱɚɥɚ 
ɨɩɟɪɚɬɨɪ ɩɨ-ɩɪɟɠɧɟɦɭ ɧɟ ɨɛɪɚɳɚɥ ɜɧɢɦɚɧɢɹ ɧɚ ɪɟɤɨɦɟɧɞɚɰɢɢ ɫɨɜɟɬɱɢɤɚ. ɇɨ ɨɧ ɫɬɚɥ 
ɩɪɨɢɝɪɵɜɚɬɶ ɜ ɩɪɟɦɢɢ ɢ ɟɝɨ ɩɨɜɟɞɟɧɢɟ ɢɡɦɟɧɢɥɨɫɶ. Ɉɧ ɫɬɚɥ ɩɪɢɫɥɭɲɢɜɚɬɶɫɹ ɤ ɪɟɤɨɦɟɧɞɚɰɢɹɦ. 
ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɡɚ ɦɚɫɫɨɜɨɟ ɜɧɟɞɪɟɧɢɟ ɬɚɤɢɯ ɚɤɬɢɜɧɵɯ ɫɨɜɟɬɱɢɤɨɜ ɜ ɱɟɪɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ 
ɤɨɥɥɟɤɬɢɜɭ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɛɵɥɚ ɩɪɢɫɭɠɞɟɧɚ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɩɪɟɦɢɹ ɋɋɋɊ. 

Ɋɚɡɜɢɜɚɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɫɬɢɦɭɥɢɪɭɸɬ ɪɚɡɜɢɬɢɟ (ɫɧɢɠɟɧɢɟ ɢɡɞɟɪɠɟɤ, ɜɧɟɞɪɟɧɢɟ 
ɢɧɧɨɜɚɰɢɣ ɢ ɬ.ɞ.).  

ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɬɢɜɨɡɚɬɪɚɬɧɵɟ ɦɟɯɚɧɢɡɦɵ, ɬɨ ɟɫɬɶ ɦɟɯɚɧɢɡɦɵ, ɫɬɢɦɭɥɢ-

ɪɭɸɳɢɟ ɫɧɢɠɟɧɢɟ ɢɡɞɟɪɠɟɤ. Ɉɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɛɨɪɶɛɵ ɫ ɦɨɧɨɩɨɥɢɫɬɨɦ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, 
ɦɨɧɨɩɨɥɢɫɬ, ɩɨɥɶɡɭɹɫɶ ɫɜɨɢɦ ɦɨɧɨɩɨɥɶɧɵɦ ɩɨɥɨɠɟɧɢɟɦ, ɩɪɨɞɚɟɬ ɩɪɨɞɭɤɰɢɸ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɣ 
(ɥɢɦɢɬɧɨɣ) ɰɟɧɟ, ɩɨ ɤɨɬɨɪɨɣ ɟɟ ɟɳɟ ɩɨɤɭɩɚɸɬ, ɩɪɨɢɡɜɨɞɢɬ ɩɪɨɞɭɤɰɢɸ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ, ɩɨɥɭɱɚɹ ɫɜɟɪɯɩɪɢɛɵɥɶ. Ʉɪɚɬɤɨ ɝɨɜɨɪɹ, ɥɨɡɭɧɝ ɦɨɧɨɩɨɥɢɫɬɚ – «ɞɟɲɟɜɨ ɩɪɨɢɡɜɨɞɢɬɶ, 
ɞɨɪɨɝɨ ɩɪɨɞɚɜɚɬɶ». Ⱦɥɹ ɛɨɪɶɛɵ ɫ ɦɨɧɨɩɨɥɢɫɬɨɦ ɛɵɥɚ ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɨɝɪɚɧɢɱɢɬɶ 
ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɟɝɨ ɩɪɨɞɭɤɰɢɢ (ɩɪɢɛɵɥɶ ɧɚ ɟɞɢɧɢɰɭ ɡɚɬɪɚɬ). Ⱦɭɦɚɥɢ, ɱɬɨ ɨɧ ɛɭɞɟɬ ɫɧɢɠɚɬɶ 
ɰɟɧɵ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ ɨɧ ɫɬɚɥ ɡɚɜɵɲɚɬɶ ɡɚɬɪɚɬɵ, ɬɚɤ ɱɬɨɛɵ ɧɟ ɜɵɣɬɢ ɡɚ ɧɨɪɦɚɬɢɜ 
ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ. ɉɪɨɞɚɜɚɹ ɩɪɨɞɭɤɰɢɸ ɩɨ-ɩɪɟɠɧɟɦɭ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɰɟɧɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɟɝɨ 
ɥɨɡɭɧɝ «ɞɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɬɶ ɢ ɞɨɪɨɝɨ ɩɪɨɞɚɜɚɬɶ». 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɩɥɚɧɨɜɨɣ ɷɤɨɧɨɦɢɤɟ ɋɨɜɟɬɫɤɨɝɨ ɋɨɸɡɚ ɰɟɧɵ ɨɩɪɟɞɟɥɢɥɢɫɶ ɢɦɟɧɧɨ ɩɨ 
ɨɬɪɚɫɥɟɜɵɦ ɧɨɪɦɚɬɢɜɚɦ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ, ɱɬɨ ɢ ɩɪɢɜɟɥɨ ɤ ɡɚɬɪɚɬɧɨɣ ɷɤɨɧɨɦɢɤɟ. ɉɪɨɛɥɟɦɚ 
ɫɬɨɹɥɚ ɬɚɤ – ɦɨɠɧɨ ɥɢ ɩɪɟɞɥɨɠɢɬɶ ɦɟɯɚɧɢɡɦɵ ɰɟɧɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɦɨɧɨɩɨɥɢɫɬɭ ɜɵɝɨɞɧɨ «ɞɟɲɟɜɨ ɩɪɨɢɡɜɨɞɢɬɶ ɢ ɞɟɲɟɜɨ ɩɪɨɞɚɜɚɬɶ». Ɍɚɤɠɟ ɦɟɯɚɧɢɡɦɵ 
ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɜ ɬɟɨɪɢɢ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɜ ɤɨɧɰɟ ɜɨɫɶɦɢɞɟɫɹɬɵɯ ɝɨɞɨɜ. ɂɞɟɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 
ɱɬɨ ɧɨɪɦɚɬɢɜ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɛɵɥ ɩɨɫɬɚɜɥɟɧ ɜ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ, ɬɨ ɟɫɬɶ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɧɨɪɦɚɬɢɜ ɭɜɟɥɢɱɢɜɚɥɫɹ, ɨɞɧɚɤɨ, ɬɚɤ ɱɬɨ ɰɟɧɚ ɩɪɢ ɷɬɨɦ 
ɭɦɟɧɶɲɚɥɚɫɶ. ɉɨ ɚɧɚɥɨɝɢɱɧɨɦɭ ɩɪɢɧɰɢɩɭ ɭɫɬɪɨɟɧ ɢ ɩɪɨɬɢɜɨɡɚɬɪɚɬɧɵɣ ɦɟɯɚɧɢɡɦ ɧɚɥɨɝɨɨɛɥɨ-

ɠɟɧɢɹ. ɉɪɨɬɢɜɨɡɚɬɪɚɬɧɵɣ ɦɟɯɚɧɢɡɦ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ ɩɪɨɲɟɥ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɪɨɜɟɪɤɭ ɜ 
ɞɜɭɯɥɟɬɧɟɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɨ ɧɨɜɵɦ ɫɢɫɬɟɦɚɦ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ ɜ ɧɚɭɤɟ, ɩɪɨɜɟɞɟɧɧɨɦ 
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Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɤɨɦɢɬɟɬɨɦ ɩɨ ɧɚɭɤɟ ɢ ɬɟɯɧɢɤɟ ɋɋɋɊ ɜ ɞɟɜɹɧɨɫɬɨɦ ɢ ɞɟɜɹɧɨɫɬɨ ɩɟɪɜɨɦ ɝɨɞɚɯ. 
ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɨ ɩɪɨɬɢɜɨɡɚɬɪɚɬɧɨɣ ɫɢɫɬɟɦɟ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɞɜɚ ɢɧɫɬɢɬɭɬɚ 
– ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɟɧɢɹ ɊȺɇ ɢ Ɇɨɫɤɨɜɫɤɢɣ ɬɟɥɟɜɢɡɢɨɧɧɵɣ ɢɧɫɬɢɬɭɬ. ɗɤɫɩɟɪɢɦɟɧɬ 
ɩɨɥɧɨɫɬɶɸ ɩɨɞɬɜɟɪɞɢɥ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɜɵɜɨɞɵ. ɂɧɫɬɢɬɭɬɚɦ ɛɵɥɨ ɧɟɜɵɝɨɞɧɨ ɛɪɚɬɶ ɫ ɡɚɤɚɡɱɢɤɚ 
ɛɨɥɶɲɢɟ ɞɟɧɶɝɢ, ɯɨɬɹ ɩɨ ɦɧɨɝɢɦ ɜɢɞɚɦ ɩɪɨɞɭɤɰɢɢ ɨɧɢ ɛɵɥɢ ɦɨɧɨɩɨɥɢɫɬɚɦɢ. Ʉ ɫɨɠɚɥɟɧɢɸ, 
ɷɬɨɬ ɭɧɢɤɚɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɛɵɥ ɡɚɛɵɬ ɜ ɫɜɹɡɢ ɫ ɩɟɪɟɫɬɪɨɣɤɨɣ.  

Ɋɚɫɫɦɨɬɪɢɦ ɟɳɟ ɨɞɢɧ ɪɚɡɜɢɜɚɸɳɢɣ ɦɟɯɚɧɢɡɦ. Ɋɟɱɶ ɢɞɟɬ ɨ ɦɟɯɚɧɢɡɦɚɯ ɨɰɟɧɤɢ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɢɧɨɜɧɢɤɨɜ ɢ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɥɸɛɨɝɨ ɭɪɨɜɧɹ, ɫɬɢɦɭɥɢɪɭɸɳɢɯ ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɩɪɚɜɥɟɧɢɣ, ɡɚ ɤɨɬɨɪɵɟ ɨɧɢ ɨɬɜɟɱɚɸɬ ɢ ɜ ɱɚɫɬɧɨɫɬɢ ɢɧɧɨɜɚɰɢɨɧɧɨɟ ɪɚɡɜɢɬɢɟ. 
ɋɟɣɱɚɫ ɦɧɨɝɨ ɝɨɜɨɪɹɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɰɟɧɤɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɢ ɱɢɧɨɜɧɢɤɨɜ. 
Ɉɞɧɚɤɨ, ɞɟɥɨ ɮɚɤɬɢɱɟɫɤɢ ɧɟ ɞɜɢɝɚɟɬɫɹ. Ɋɟɝɭɥɹɪɧɨɝɨ ɨɬɥɚɠɟɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɨɰɟɧɤɢ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɡɚɜɹɡɚɧɧɨɝɨ ɧɚ ɦɚɬɟɪɢɚɥɶɧɨɟ ɢ ɦɨɪɚɥɶɧɨɟ ɩɨɨɳɪɟɧɢɟ, ɧɟɬ. ɍɜɟɪɟɧɵ, ɱɬɨ ɛɟɡ 
ɬɚɤɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɵ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɨɧɨɦɢɤɢ ɧɟɜɨɡɦɨɠɧɨ. ɉɪɢ 
ɷɬɨɦ ɦɚɬɟɪɢɚɥɶɧɚɹ ɦɨɬɢɜɚɰɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɳɭɬɢɦɨɣ. ȿɫɥɢ, ɧɚɩɪɢɦɟɪ,  ɧɚɩɪɚɜɥɟɧɢɟ, ɡɚ 
ɤɨɬɨɪɨɟ ɨɬɜɟɱɚɟɬ ɱɢɧɨɜɧɢɤ, ɩɨɜɵɫɢɥɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɱɬɨ ɩɪɢɧɟɫɥɨ ɷɤɨɧɨɦɢɤɟ Ɋɨɫɫɢɢ, ɫɤɚɠɟɦ, 
1 ɦɥɪɞ. ɪɭɛɥɟɣ,  ɬɨ ɩɨɱɟɦɭ ɛɵ ɱɢɧɨɜɧɢɤɚ ɧɟ ɩɨɨɳɪɢɬɶ ɜ ɪɚɡɦɟɪɟ 50 ɦɥɧ. (ɢɥɢ ɞɚɠɟ ɛɨɥɟɟ)? 
Ɍɚɤɨɣ ɦɟɯɚɧɢɡɦ ɨɰɟɧɤɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦ ɢ ɞɥɹ ɛɨɪɶɛɵ ɫ ɤɨɪɪɭɩɰɢɟɣ.  ɇɚ ɩɪɚɜɨɣ ɱɚɲɟ 
ɜɟɫɨɜ – ɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɫ ɜɵɫɨɤɨɣ ɩɥɚɬɨɣ ɡɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɥɸɫ ɦɨɪɚɥɶɧɨɟ ɩɨɨɳɪɟɧɢɟ 
(ɝɟɪɨɣ ɬɪɭɞɚ, ɥɭɱɲɢɣ ɦɟɧɟɞɠɟɪ, ɱɟɥɨɜɟɤ ɝɨɞɚ ɢ ɬ.ɞ.). ɇɚ ɥɟɜɨɣ – ɤɨɪɪɭɩɰɢɨɧɧɵɣ ɞɨɯɨɞ ɦɢɧɭɫ 
ɭɝɪɨɡɚ ɬɸɪɟɦɧɨɝɨ ɫɪɨɤɚ, ɤɨɧɮɢɫɤɚɰɢɢ ɢɦɭɳɟɫɬɜɚ ɢ ɨɫɭɠɞɟɧɢɹ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ. Ⱦɨɫɬɚɬɨɱɧɨ 
ɫɞɟɥɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɩɪɚɜɚɹ ɱɚɫɬɶ ɩɟɪɟɜɟɫɢɥɚ ɥɟɜɭɸ ɢ ɤɨɪɪɭɩɰɢɹ ɛɭɞɟɬ ɧɟ ɜɵɝɨɞɧɚ.  

ȼ ɫɟɪɟɞɢɧɟ 80-ɯ ɝɨɞɨɜ ɩɪɟɞɩɪɢɹɬɢɹɦ (ɨɪɝɚɧɢɡɚɰɢɹɦ) ɉɟɪɜɨɦɚɣɫɤɨɝɨ ɪɚɣɨɧɚ ɝ. Ɍɛɢɥɢɫɢ 
ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɩɪɟɦɢɪɨɜɚɧɢɹ. Ɇɟɬɨɞɢɤɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɜɧɟɞɪɟɧɚ ɭɱɟɧɵɦɢ ɇɉɈ 
«ȺɅȽɈɊɂɌɆ» ɢ ɂɉɍ ɊȺɇ (ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɣ ɩɪɨɝɪɚɦɦɵ «ȺɄɄɈɊȾ» (ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ 
ɤɨɦɩɥɟɤɫɧɚɹ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ) ɢ ɞɚɜɚɥɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ  ɩɪɟɦɢɚɥɶɧɨɝɨ ɮɨɧɞɚ ɩɨ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɟɦ, ɬɟɦ 
ɫɚɦɵɦ ɪɚɡɪɟɲɚɹ ɫɢɫɬɟɦɧɭɸ ɜɡɚɢɦɨɫɜɹɡɶ ɤɚɱɟɫɬɜɚ ɬɪɭɞɚ  ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɜɟɧɶɟɜ ɫ ɦɟɪɨɣ ɢɯ 
ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ. ɂ ɷɬɨɬ ɷɤɫɩɟɪɢɦɟɧɬ ɛɵɥ ɡɚɛɵɬ ɜ ɫɜɹɡɢ ɩɟɪɟɫɬɪɨɣɤɨɣ. 

Ɇɵ ɩɪɢɜɟɥɢ ɬɨɥɶɤɨ ɧɟɫɤɨɥɶɤɨ ɩɪɢɦɟɪɨɜ ɭɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ȼ ɬɟɨɪɢɢ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ 
ɢɯ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɟɟ ɬɪɢɞɰɚɬɢ ɫ ɨɯɜɚɬɨɦ ɜɫɟɝɨ ɭɩɪɚɜɥɟɧɱɟɫɤɨɝɨ ɰɢɤɥɚ. ɇɚ ɛɚɡɟ ɷɬɢɯ 
ɪɚɡɪɚɛɨɬɨɤ ɢ ɨɩɵɬɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɤɨɧɫɚɥɬɢɧɝɚ ɂɧɫɬɢɬɭɬɨɦ ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɟɧɢɹ ɊȺɇ ɢ 
ɤɨɧɫɚɥɬɢɧɝɨɜɨɣ ɮɢɪɦɨɣ «ɊɈɗɅ – ɄɈɇɋȺɅɌɂɇȽ» ɪɚɡɪɚɛɨɬɚɧɚ ɭɧɢɤɚɥɶɧɚɹ ɤɨɦɩɥɟɤɫɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɪɟɝɢɨɧɨɜ. Ɉɧɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɬɪɟɯ 
ɨɫɧɨɜɚɧɢɹɯ – ɩɪɨɝɪɚɦɦɧɨ-ɰɟɥɟɜɨɣ ɩɨɞɯɨɞ, ɩɪɨɟɤɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢ ɤɨɦɩɥɟɤɫ ɭɦɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ. ɉɪɨɝɪɚɦɦɧɨ-ɰɟɥɟɜɨɣ ɩɨɞɯɨɞ ɨɛɟɫɩɟɱɢɜɚɟɬ ɱɟɬɤɭɸ ɩɨɫɬɚɧɨɜɤɭ ɰɟɥɟɣ ɢ ɪɚɡɪɚɛɨɬɤɭ 
ɷɮɮɟɤɬɢɜɧɨɣ ɩɪɨɝɪɚɦɦɵ ɢɯ ɞɨɫɬɢɠɟɧɢɹ. ɉɪɨɟɤɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɩɪɨɝɪɚɦɦɭ ɤɚɤ 
ɩɪɨɟɤɬ, ɭɩɪɚɜɥɹɟɦɵɣ ɟɞɢɧɨɣ ɤɨɦɚɧɞɨɣ ɨɬ ɤɨɧɰɟɩɰɢɢ ɞɨ ɡɚɜɟɪɲɟɧɢɹ. ɇɚɤɨɧɟɰ, ɤɨɦɩɥɟɤɫ ɭɦɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɝɪɚɦɦɵ. ɇɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ 
ɭɩɪɚɜɥɟɧɢɢ ɷɬɨ ɤɚɤ ɧɨɜɵɟ ɥɟɤɚɪɫɬɜɚ ɜ ɦɟɞɢɰɢɧɟ. Ɏɚɪɦɚɰɟɜɬɢɱɟɫɤɢɟ ɮɢɪɦɵ ɬɪɚɬɹɬ ɛɨɥɶɲɢɟ 
ɞɟɧɶɝɢ ɡɚ ɦɧɨɝɨɥɟɬɧɢɟ ɤɥɢɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɧɨɜɵɯ ɥɟɤɚɪɫɬɜ. Ɍɚɤɢɟ ɢɫɩɵɬɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵ 
ɢ ɞɥɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɭɩɪɚɜɥɟɧɢɢ. Ɉɧɢ ɩɪɨɜɨɞɢɥɢɫɶ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɫɨɡɞɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ, 
ɧɚɱɢɧɚɹ ɫ λ0-ɯ ɝɨɞɨɜ. ɂɫɩɵɬɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɛɨɥɟɟ ɱɟɦ 150 ɩɪɟɞɩɪɢɹɬɢɹɯ ɪɚɡɥɢɱɧɨɝɨ 
ɦɚɫɲɬɚɛɚ ɢ ɨɬɪɚɫɥɟɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɞɬɜɟɪɞɢɥɨ ɟɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɋɪɟɞɧɢɣ 
ɪɨɫɬ ɜɵɪɭɱɤɢ ɫɨɫɬɚɜɢɥ 1,5–β ɪɚɡɚ ɡɚ 1,5-β ɝɨɞɚ. Ɇɵ ɝɨɜɨɪɢɦ ɨ ɩɪɨɰɟɧɬɚɯ ɪɨɫɬɚ ȼȼɉ, ɢ ɡɞɟɫɶ 
150-β00% ɡɚ 1,5–β ɝɨɞɚ. ȿɫɬɶ ɨ ɱɟɦ ɡɚɞɭɦɚɬɶɫɹ! [1,2] 

ȼɨɡɧɢɤɚɟɬ ɡɚɤɨɧɨɦɟɪɧɵɣ ɜɨɩɪɨɫ -  ɩɨɱɟɦɭ ɦɚɥɨ ɭɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜ ɷɤɨɧɨɦɢɤɟ, 
ɩɨɱɟɦɭ ɦɟɞɥɟɧɧɨ ɜɧɟɞɪɹɸɬɫɹ ɢɧɧɨɜɚɰɢɢ ɜ ɭɩɪɚɜɥɟɧɢɟ? ɇɚɡɨɜɟɦ ɱɟɬɵɪɟ  ɩɪɢɱɢɧɵ.  

ɉɟɪɜɚɹ – ɛɟɡɭɫɥɨɜɧɚɹ ɫɥɨɠɧɨɫɬɶ ɡɚɞɚɱɢ ɩɟɪɟɜɨɞɚ ɷɤɨɧɨɦɢɤɢ ɧɚ ɢɧɧɨɜɚɰɢɨɧɧɵɣ ɩɭɬɶ 
ɪɚɡɜɢɬɢɹ. ɗɬɭ ɫɥɨɠɧɨɫɬɶ ɯɨɪɨɲɨ ɢɥɥɸɫɬɪɢɪɭɟɬ ɮɪɚɡɚ ȼɢɤɬɨɪɚ ɑɟɪɧɨɦɵɪɞɢɧɚ «ɯɨɬɟɥɢ ɤɚɤ 
ɥɭɱɲɟ, ɚ ɩɨɥɭɱɢɥɨɫɶ ɤɚɤ ɜɫɟɝɞɚ». ɗɬɨ ɢ ɩɨɧɹɬɧɨ. ɒɭɬɤɚ ɥɢ – ɩɨɜɟɪɧɭɬɶ ɬɚɤɨɣ ɢɧɟɪɰɢɨɧɧɵɣ 
ɤɨɪɚɛɥɶ ɤɚɤ ɷɤɨɧɨɦɢɤɚ Ɋɨɫɫɢɢ (Ȼɟɥɨɪɭɫɫɢɢ, Ʉɚɡɚɯɫɬɚɧɚ, Ƚɪɭɡɢɢ ɢ ɬ.ɞ.) ɧɚ ɧɨɜɵɣ 
ɢɧɧɨɜɚɰɢɨɧɧɵɣ ɩɭɬɶ ɪɚɡɜɢɬɢɹ. ɗɬɨ ɦɧɨɝɨɤɪɚɬɧɨ ɫɥɨɠɧɟɟ, ɱɟɦ ɡɚɩɭɫɬɢɬɶ ɤɨɫɦɢɱɟɫɤɢɣ ɤɨɪɚɛɥɶ. 

ȼɬɨɪɚɹ ɩɪɢɱɢɧɚ – ɧɟɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶ ɱɢɧɨɜɧɢɤɨɜ ɢ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɜ ɜɧɟɞɪɟɧɢɢ 
ɭɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ɗɬɨ ɢ ɩɨɧɹɬɧɨ -  ɜɧɟɞɪɟɧɢɟ ɢɧɧɨɜɚɰɢɢ ɜ ɭɩɪɚɜɥɟɧɢɟ – ɷɬɨ ɯɢɪɭɪɝɢɱɟɫɤɚɹ 
ɨɩɟɪɚɰɢɹ ɧɚ ɠɢɜɨɦ ɬɟɥɟ ɨɪɝɚɧɢɡɚɰɢɢ, ɩɪɢɱɟɦ ɛɟɡ ɧɚɪɤɨɡɚ ɢ ɛɨɥɟɭɬɨɥɹɸɳɢɯ. ɗɬɨ 
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ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɛɨɥɶɧɨ ɢ ɜɵɡɵɜɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɥɥɟɤɬɢɜɚ. Ⱦɚɥɟɟ, ɨɬɫɭɬɫɬɜɢɟ ɷɮɮɟɤɬɢɜɧɨɣ 
ɫɢɫɬɟɦɵ ɨɰɟɧɤɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɢɧɨɜɧɢɤɨɜ ɢ ɪɭɤɨɜɨɞɢɬɟɥɟɣ, ɧɚɰɟɥɟɧɧɨɣ ɧɚ ɪɨɫɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɬɚɤɠɟ ɧɟ ɫɬɢɦɭɥɢɪɭɟɬ ɢɯ ɧɚ ɜɧɟɞɪɟɧɢɟ ɢɧɧɨɜɚɰɢɣ ɜ ɭɩɪɚɜɥɟɧɢɟ. ɇɚɤɨɧɟɰ, 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɧɟɞɨɜɟɪɢɟ ɤ ɷɤɫɩɟɪɬɚɦ ɢ ɤɨɧɫɭɥɶɬɚɧɬɚɦ, ɤɨɬɨɪɵɟ ɡɚ ɜɪɟɦɹ ɩɟɪɟɫɬɪɨɣɤɢ ɫɬɨɥɶɤɨ 
ɧɚɫɨɜɟɬɨɜɚɥɢ, ɱɬɨ ɭ ɦɧɨɝɢɯ ɪɭɤɨɜɨɞɢɬɟɥɟɣ  ɚɥɥɟɪɝɢɹ ɧɚ ɢɯ ɫɨɜɟɬɵ.  

Ɍɪɟɬɶɹ ɩɪɢɱɢɧɚ – ɩɪɨɛɥɟɦɚ ɫɨɜɦɟɫɬɢɦɨɫɬɢ. Ɉɧɚ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɚ ɜ ɦɟɞɢɰɢɧɟ. 
Ɉɬɥɢɱɧɨɟ ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɫɟɪɞɰɟ, ɚ ɨɪɝɚɧɢɡɦ ɟɝɨ ɨɬɬɨɪɝɚɟɬ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɤɚɪɬɢɧɚ ɢ ɜ ɠɢɜɵɯ 
ɨɪɝɚɧɢɡɚɰɢɹɯ. Ɉɬɥɢɱɧɵɣ ɧɨɜɵɣ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ, ɯɨɪɨɲɨ ɫɟɛɹ ɩɨɤɚɡɚɜɲɢɣ ɧɚ ɪɹɞɟ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɚ ɧɚ ɞɚɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɧɟ ɩɪɢɠɢɜɚɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɧɟɫɨɜɦɟɫɬɢɦ ɫ ɟɝɨ 
ɦɟɧɬɚɥɢɬɟɬɨɦ, ɬɪɚɞɢɰɢɹɦɢ ɢ ɬ.ɞ. 

ɇɚɤɨɧɟɰ, ɱɟɬɜɟɪɬɚɹ ɩɪɢɱɢɧɚ – ɨɬɫɭɬɫɬɜɢɟ ɜ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɫɩɟɰɢɚɥɢɫɬɨɜ, 
ɫɩɨɫɨɛɧɵɯ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɜɧɟɞɪɟɧɢɹ ɭɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ɗɬɨ ɢ ɩɨɧɹɬɧɨ. Ɍɟɨɪɢɹ ɚɤɬɢɜɧɵɯ 
ɫɢɫɬɟɦ, ɤɨɬɨɪɚɹ ɡɚɧɢɦɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɭɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɱɢɬɚɟɬɫɹ ɜ ɫɱɢɬɚɧɧɨɦ ɱɢɫɥɟ 
ɭɧɢɜɟɪɫɢɬɟɬɨɜ. ɍ ɧɚɫ ɯɨɪɨɲɨ ɭɱɚɬ, ɤɚɤ ɞɟɣɫɬɜɨɜɚɬɶ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ, ɧɨ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɱɚɬ, ɤɚɤ ɢɡɦɟɧɹɬɶ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ. ɑɚɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɱɢɬɚɬɶ ɥɟɤɰɢɢ ɜ 
ɭɧɢɜɟɪɫɢɬɟɬɚɯ. Ɂɚɞɚɟɦ ɜɨɩɪɨɫ ɫɬɭɞɟɧɬɚɦμ «Ʉɬɨ ɡɧɚɟɬ, ɱɬɨ ɬɚɤɨɟ ɬɟɨɪɢɹ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ?» 
Ɋɟɞɤɨ ɩɨɞɧɢɦɟɬɫɹ ɯɨɬɹ ɛɵ ɨɞɧɚ ɪɭɤɚ. 

ɂɬɚɤ, ɱɬɨ ɞɟɥɚɬɶ ɢ ɫ ɱɟɝɨ ɧɚɱɚɬɶ? ɇɭɠɧɵ ɪɭɤɨɜɨɞɢɬɟɥɢ ɫ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɦɵɲɥɟɧɢɟɦ, 
ɩɚɬɪɢɨɬɵ, ɫɩɨɫɨɛɧɵɟ ɩɨɣɬɢ ɪɢɫɤ, ɧɭɠɧɵ ɩɢɥɨɬɧɵɟ ɩɪɨɟɤɬɵ. Ⱦɚɥɟɟ ɲɢɪɨɤɨɟ ɨɛɫɭɠɞɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɫɟɦɢɧɚɪɚɯ, ɜ ɩɪɟɫɫɟ, ɧɚ ɬɟɥɟɜɢɞɟɧɢɢ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɨɛɭɱɟɧɢɟɦ ɫɩɟɰɢɚɥɢɫɬɨɜ – 

ɤɨɧɫɭɥɶɬɚɧɬɨɜ. Ⱦɚɥɟɟ ɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɩɪɨɟɤɬɨɜ, ɨɩɹɬɶ ɲɢɪɨɤɨɟ ɨɛɫɭɠɞɟɧɢɟ ɢ 
ɩɨɞɝɨɬɨɜɤɚ ɤɨɧɫɭɥɶɬɚɧɬɨɜ ɢ ɬ.ɞ. ȼ ɨɛɳɟɦ, ɧɭɠɧɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɩɪɨɝɪɚɦɦɚ «ɍɦɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ». ɏɨɱɟɬɫɹ ɧɚɞɟɹɬɶɫɹ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɫɥɨɜɚ ȼɢɤɬɨɪɚ ɑɟɪɧɨɦɵɪɞɢɧɚ ɜ 
ɫɤɨɪɨɦ ɜɪɟɦɟɧɢ ɛɭɞɭɬ ɡɜɭɱɚɬɶ ɢɧɚɱɟμ «ɏɨɬɟɥɢ ɤɚɤ ɥɭɱɲɟ! ɂ ɩɨɥɭɱɢɥɨɫɶ! Ʉɚɤ ɜɫɟɝɞɚ!» 
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SUMMARY 

INTELLIGENT CONTROL MECHANISMS 

Burkov V.N., Burkova I.V., Gasitashvili Z.A., Gorgidze I.A., Javakhadze G.S. and Khutsishvili S.A. 

V. Trapeznikov Institute of Control Sciences of RAS, Moscow, Russia 

Georgian Technical University 

The paper deals with intelligent control mechanisms. Some examples are given. The elaboration of intelligent 

control mechanisms is based on the active systems theory. For further  progress of economy the state program 
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ROBUST DECENTRALIZED INVENTORY CONTROL IN LARGE-SCALE SUPPLY 

NETWORKS 

 

Lyubchyk L. M. and Dorofieiev Yu.I. 

 

National Technical UЧТЯОЫЬТЭв “KСКЫФТЯ PШХвЭОМСЧТМ IЧЬЭТЭЮЭО”  
 

Abstract.The problem of decentralized inventory control in large-scale supply chains under uncertain but 

bounded external demand and transport time-delays and in the  presence of asymmetric structural constraints on 

states and controls is considered. Local inventory controllersuse linear dynamic feedback with respect to 

deviation of the current inventory levels from the chosen safety levels. To suppress the influence of disturbances, 

modelling external demand, while ensuring robust stability of closed local subsystems, the method of invariant 

ellipsoids is used, which allowed formulating the problem in terms of linear matrix inequalities, wherein the 

synthesis of control reduced to a semi-definite programming problem. Stability analysis of inventory control 

systems for large-scale supply networks with decentralized controllers is performed using the comparison 

method and vector Lyapunov functions technique. 

Keywords: invariant ellipsoids, inventory control, linear matrix inequality, semidefinite programming, 

comparison method, robust control, supply network, vector Lyapunov function. 

 

Introduction 

A supply network is a complex large-scale system consisting of interconnected agents which 

is engaged in the extraction of raw materials, production, storage, transportation and distribution of 

products to satisfy consumer demand [1]. Supply network model is usually represented as a directed 

graph so that its vertices corresponding to the network nodes define the types and volumes of the 

controllable inventory and its arcs represent controllable and uncontrollable flows in the network. 

Controllable flows describe the processes of resource reprocessing and redistributing between network 

nodes and external supply processes for raw materialswhile uncontrollable flows describe the resource 

demand formed by external consumers.  

Operation of production links associated with supply network nodes and influence of demand 

from external consumers make typically resource inventory in the network nodes vary over time. Thus 

there is a need to develop methods for inventory control for supply networks in order to meet external 

demand and minimize own costs. At that under inventory control strategy is meant the structure of the 

rules for determining the time of order formation and its sizes to resupply. 

From the point of supply network control, it is reasonable to consider volumes of demand on 

the resources which acts at the network nodes from the external environment as external disturbances. 

The choice of inventory control model is defined by nature of demand.  

Inventory control strategy with the given demand model is usually designed by the Model 

Predictive Control method [2], application of this approach to the problems of robust inventory control 

considered in[3,4].In practice, generally, there is no information in order to select a proper model of 

external demand needed to predictive control. One of approaches to the solution of the inventory 

control problem under demand uncertainty is use of the concept of "unknown, but bounded" 

disturbances [5,6], wherein the corresponding demand model is characterized by the interval 

uncertainty. 

Another source of uncertainty in the inventory control problems is the presence of transport 

lag caused by delays in restocking regarding the moments of orderformation. It is assumed that the 

values of the duration of processing and transportation resources in the nodes of the network are 

known. However, during the operation supply network parameters may vary from their nominal 

values. As a result, there is a need to ensure the robustness of the control system with respect to 

variations in these parameters. 

In the last decade, it has formed a new approach to robust control problem, based on the 

concept of invariant sets [5], among which especially allocated ellipsoids due to their simple structure 

and a direct connection with quadratic Lyapunov functions. 

The inventory controller design problemneed to take into account some constrains of network 

variables. Thus, as a rule, in control theory frequently considering constrains specified in any norm, 

while the specifics of inventory control problems is non-negative values of variables, which 
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characterized by asymmetric constraints on values of states and control actions. In such a case a 

constrained Predictive Control Method may be used for inventory controllerdesign [7.8]. 

Most of the procedures for the analysis and synthesis of inventory control systems in recent 

decades were developed using a centralized approach, where all the information about the current 

system state is transferred to a single controller, which formed the control actions for all system nodes. 

However, a centralized approach to the large-scale control system design is characterized by 

significant computational complexity and the need a centralized system for collecting information. 

Therefore, to solve the control problems of supply networks perspective is decentralized approach, in 

which the original control optimization problem is replaced by a set of local problems of smaller 

dimension that can be solved in parallel and independently of each other. At once, it is necessary to 

ensure the robust stability of the entire system, taking into account the presence of interconnections. 

The problem of robustness in a decentralized control structure was considered in[9, 10]. For 

the design of stabilizing control algorithms in the form of a static output feedback the authors propose 

to use the estimate of the upper bound of non-linear terms or interconnections between local 

subsystems. To get the results that are acceptable from the point of view of computational complexity, 

the stability conditions are formulated using the technique of Linear Matrix Inequalities (LMI) [11]. 

However, in this approach, decentralized control is found by solving the optimization problem whose 

dimension is determined by the dimension of entire system.Also it should be noted that in the works 

devoted to the problem of suppression of bounded external disturbances, LMI technique is usually 

applied to suppress disturbances that are limited in some norm. While expanding this approach for 

asymmetric constraints of the states and control actions is of a great scientific and practical interest. 

To reduce the dimension of the problem in the synthesis of decentralized control for large-

scale systems the concept of a diagonal or block-diagonal dominance may be used [12]. Thoughthis 

concept,an approach to decentralized control designbased on equivalent subsystems method is 

proposed[12]. The main advantage of this approach is that the static output feedback, providing robust 

stability and given performance values, is designed on the level of the individual subsystems, which 

reduces the dimension of the problem to the dimension of the subsystems. In this case, the estimates of 

the degree of subsystems stability obtained as a result of the optimization problem solution are 

considered as constraints on the value of the interconnections between the subsystems. However, this 

approach does not take into account the structural constraints, as well as external disturbances are not 

considered. 

Thus, the actual problemfor large-scale supply network efficiency improvement isrobust 

decentralized inventory control designin the presence of unknown, but bounded external demand and 

transport delays,taking into account structural constraints on the states and control actions. 

 

Problem statement 

Consider the supply network ,S consisting of interconnected nodes NiSi ,1,  , which 

described by discrete state-space model. As state variables available inventory levels of resources are 

considered. Control actions are orders volumes for the resources supply, which are formed by nodes in 

the current period, as well as external disturbances is the demand orders, which act at the network 

nodes from the outside. 

System behavior is determined by the equations describing the change of inventory levels of 

each node iS . It is assumed that the supply network structure is known, and the states are available to 

direct measurement. It is also assumed that the measured values of the local states used only by their 

local controllers.Transport time-delays are described using the discrete delay model. Values of time-

delays that give the duration of transportation and resource reprocessing at the network nodes are 

supposed to be known and are multiples of the sampling period.  

Then each of the supply network nodes is described by a difference equation with delay 

 ,,1,)()()()1(

max

0

Niktkkk
iΛ

t
iii

t
iii  


wEuBxx  (1) 
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where ,...2,1,0k  is number of discrete time interval; in
i k Rx )(  is state vector of node iS ; 

im
i k Ru )(  is control actions vector; in

i k Rw )(  is external disturbances vector; 
max
iΛ  is 

discrete variable, multiple of the sampling period, that determines the maximum value of the time-

delays of controlled flows between the node iS  and the network nodes that are resource suppliers for 

him; 
max,0, i

mnt
i Λtii  

RB  are control influence matrices, ii nn
i

RE  is disturbances 

influence matrix. Obviously, the network structure is determined by the matrices i
t
i EB , , methods of 

construction which are set out in [13]. The composite vector  TTT
2

T
1 )(...,),(),()( kkkk Nxxxx  , 

which composed of the individual nodes state vectors, is the state vector of the whole system S  and 

has dimension 



N

i
inn

1

.  

External actions for each node iS  include the external demand generated outside the network, 

and internal demand generated by nodes for which the node iS  is a resources supplier 

 ,)()()(
,1





N

ijj
ijiji kkk dɉuɉw  (2) 

where 
q

k Rd )(  is external demand vector; Njiji nn
ij ,1,,  

Rɉ  are technological 

matrices, which are formed on the basis of the process description being implemented by the supply 

network, namely, the element value  tsij ,ɉ  is equal to the amount of resource units ins ,1  of 

node iS  required to produce one resource unit jnt ,1  by node jS ; 
qn

i
i Rɉ  is external 

demand influence matrix.Obviously, a matrix completely characterizes the nodes interactions that 

define the supply network structure and given technological process.  
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DЮrТЧР ЭСО sвsЭОЦ’s ШЩОrКЭТШЧ, ЭСО ПШХХШаТЧР sЭrЮМЭЮrКХ МШЧsЭrКТЧЭs sСШЮХН СШХН 
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ii
m
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iii
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i

Uk

Xk

uuRuu
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


 (4) 

where vectors 
max
ix  and 

max
iu  setting maximal storage capacities of the network nodes and maximal 

transportation volumes are considered given. 

We assume that the vectors of external disturbances satisfy the constraints: 

  ,:)( maxmin
dddRdd  q

Dk  (5) 

wherevectors 
min

d  and 
max

d  give the boundary values of demand and are supposed to be known. 

Sets of admissible values of the states iX , controls iU  and demand D  are bounded polyhedrons 

given by intersection of finite number of closed subspaces, i.e. they are compact convex sets, with the 

coordinate origin being outside their interior:      DUX ii int0,int0,int0  . 

For a system consisting of the nodes described by equations (1) and interconnections defined by (2), 

consider the problem of decentralized inventory robust control design with respect to unknown, but 
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bounded demand disturbances Dk )(d  that for any initial state )0(x , where NiX ii ,1,)0( x  

provides 

 full and timely satisfaction of both external and internal demand;  

 minimization of the local quality criteria; 

 asymptotic robust stability of the entire interconnected system; 

 fulfillment the given constraints on the state and control. 

 

Local inventory controllers design 
Carrying out the transformation network node model (1) to the standard form without delays 

based on extending state vector   .)(...,),2(),1(),()( maxTTTT T
uuuxξ iiiiii Λkkkkk  by 

including vectors of previously ordered volumes resources which are in the process of transportation 

and processing [6], the equations of the extended model of the node obtained in the following form 

 
),()(

),()()()1(

kk

kkkk

iii

iiiiiii

ξCx

wGuBξAξ



 (6) 

where matrices iiiiiiii Nn
i

qN
i

mN
i

NN
i ,,

  RCRGRBRA , , 
max
iiii ΛmnN   

have the corresponding block structure[4, 13] 
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The necessary conditions for the existence of an inventory control strategy for every node ,Si  

providing full and timely satisfaction of uncertain but limited, external demands are 

 stabilizability conditions for pairs matrices  ,B,A ii ;1 N,i   

 conditions for the presence of required control resources[14], which has the following geometric 

interpretation: a convex polyhedron, which describes the influence of external disturbances should be 

strictly within the convex polyhedron, describing control resources constraints for each node iS , 

namely, iii UBDG  .  

Checking such aconditions for each node is a NP-complete problem of ii
qm 

2  dimension, 

which may be formulated as a linear programming problem, whose solution presented in [14] along 

with corresponding computational algorithm. 

The next step is external disturbance set for each node approximation by ellipsoid of minimum 

volume. The boundary values of the external disturbancemay be obtained as 
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(7) 

Then the external disturbance set for node iS  can be approximated by an ellipsoid 

       ,1)()(:),( *1T**
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w
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whose matrix 
w
iP  and vector 

*
iw are determined by solving a convex optimization problem: 

 mindetlog  W  (9) 

subject to constraints on the matrix ii nn  RWW
T

 and vector in
Rz  variables 
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where jw  are the vectors includes all possible combinations of vectors 
min
iw  and 

max
iw .  

The solution of (10) zW ˆ,ˆ  defines the parameters of the ellipsoid (8) 

 zWwWP ˆˆ,ˆ 1*2   i
w
i . (11) 

We construct the local control law in the form of non-stationary linear feedback with respect 

to the deviation between the available and safety inventory levels 

  *)()()( iiii kkk ξξKu  , (12) 

where ii Nm
i k

RK )(  is the non-stationary feedback gain matrix at the instant k . 

The values of the vector 
*
iξ  that consists of 1max iΛ  vectors 

*
ix  and gives the amount of 

safety inventory levels are calculated based on the upper boundary values 
max
iw  of external 

disturbances for the node iS subject time-delay value 
max
iΛ , namely, 

maxmax*
T
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T*T** ,...,,
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wxxxξ 
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.  

Then the extended model of the closed-loop node for control low (12) may be presented as 
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 (13) 

Local control design problem is to find the feedback gain matrices )(kiK  such that closed-

loop subsystems (13) are asymptotically robustly stable. The stability conditions of the entire 

controlled supply network with decentralized controllers will be discussed below. 

Designed controller should ensure the minimizing of the following local subsystem criteria in case of 

an infinite time horizon 
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where iiiiii mm
i

mmu
i

NN
i

  RRRRRR ,,  are diagonal positive definite weighting 

matrices, )1()()(  kkk iii uuu . 

The first term in (14) determines the amount of penalties for deviation of available resources 

levels from safety inventory levels, the second take into account the cost of resources transportation 

and storage, and the third is introduced for smoothing of control actions jumps, since the change in 

resources production volumes should be carried out smoothly.  

Stabilizing control algorithm are generally based on the estimation of the upper boundary value of the 

system performance criterion using a suitable quadratic Lyapunov function, defined on the subsystem 

(13) models equations solutions 

       .0)()(,)()()()( T*T** kkkkkkV iiiiiiiiii PPξξPξξξξ   (15) 

LОЭ’s rОqЮТrО ЭСКЭ 0k  and for any value of the external disturbance belonging to 

approximating ellipsoid ),()( * w
iii Ek Pww  for the first difference of the Lyapunov functionholds 

the inequality, guaranteeing the Lyapunov functiondecreasing over time  

     )()()1( **
kJkVkV iiiiiii

 ξξξξ . (16) 

If inequality (16) holds it may be show that 0k  the following inequality is valid 
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Local control actions )(kiu  will be determined from the minimization of criterion (14) upper 

bound. Then in accordance with (17) the control actions may be found from the minimization 

condition of the Lyapunov function 

  *

)(
)(minarg)( iii

Uk
i kVk

ii

ξξu
u




. (18) 

The problem (18) is equivalent to the problem of calculating the minimum value of a scalar 

0)( kγi  such that 0k  the following inequality is valid 

     ).()()()( *T*
kγkkk iiiiii  ξξPξξ  (19) 

In accordance with [8] matrix variables should be introduced 

 )()()(
1

kkk iii
 PQ  (20) 

and using Schur lemma the problems of minimizing the scalar value )(ki  under the condition (19) 

may be presented as a semidefinite programming problem(SDP) 

  
  .0

)()(

)(1
,0)(,0)(

)(min
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


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Q

Q

 (21) 

Thus the synthesis of local robustly stable control is to calculate at each instant k  the 

feedback gain matrix )(kiK  which stabilizes the closed-loop subsystems (13) and minimizes the 

Lyapunov function (17). The appropriate results are presented in the following theorem. 

T h e o r e m.Consider the set of subsystems (6) with constraints (4) with the control law (12), and let 

the feedback gain matrix )()()( 1
kkk iii

 QYK  is obtained by solving the optimization problem 

 )(min
),(),(

kγi
αkk iii YQ

 (22) 
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subject to matrix variables )(kiQ , ii Nm
i k

RY )(  and scalar parameters iα , )(kγi constraints 
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, (25) 

where )()()( kkk iiiii YBQAΣ  , )1(1  kik KK , 
 i

u
ii RRR , «+»НОЧШЭО MШШrО-

Penrose pseudoinverse. 

If the problem (22) which can be considered as a set of one-dimensional convex optimization 

problem with respect to the parameter iα  and SDP has a solution, then the set of closed-loop 

subsystems (6) with control law (12) for any initial state ii X)0(x  in the presence of external 

disturbances ),()( * w
iii Ek Pww   is asymptotically robustly stable.  

Herein
x
iP  is the matrix of the ellipsoid that approximates set iX  of admissible state values, 

calculated by solving the problem, which is similar to the problem (9). 

The proof is analogous to the proof of the Theorem 2 in [4]. 

 

Stability analysis of decentralized inventory control system 
If during the process of decentralized control design for each subsystem the optimization 

problem (22) – (25) is solved, it can be asserted that all closed local subsystems are asymptotically 

robust stable.To analyze stability of the entire controlled supply network S  with decentralized 

controllers represent the equations of the extended node models (6), taking into account the 

relationships (2), by analogy with [5] as follows 

 

 ),)()()()1(
,1

(kkkkk i

N

ijj
jijiiiii dFuBuBξAξ  


 (26) 

where  
jiji

mmmmijiij  00ɉEB T
,  qmqmiii

ii
 00ɉEF T

. 

The dynamic equation (26) under the control (12) takes the form 

     ),()()()()()1(
,1

***
kkkkkk i

N

ijj
jjijiiiiifi dFξξFξAξξAξ  


  

where  .)()(
T

jiji NmNmjijiij kk  00KɉEF   
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To analyze the stability of the entire controlled supply network S  with decentralized 

controllers it is effective to use the method of comparison based on vector Lyapunov functions 

approach [15].Consider a vector Lyapunov function 

 

        ,)(,...,)()(
T**

111
*

NNN kvkvkV ξξξξξξ   (27) 

where  TTT
1 )(...,),()( kkk Nξξξ   and     T

T*T*
1

* ...,, 



 Nξξξ  are a component vectors of 

appropriate dimension.The components of vector function (27) areLyapunov functions of local 

subsystems in the Siljakform [9] 

 

       ,,1,)()()()(
2

1

*T**
Nikkkkv iiiiiiii 






  ξξPξξξξ  (28) 

where the matrices )(kiP  in accordance with (20) are equal ).()()(
1

kkk iii
 QP  

On the basis of vector Lyapunov function (27) the general Lyapunov function for controlled supply 

network S is the following 

 

    *
0

*
0 )()( ξξPξξ  kVkV , (29) 

where   Nippp iN ,1,0,...,, 00010 P . 

Withcontrolled large-scale system S may be associated the linear comparison system[15]  

 

 ),()(),()()1( 0 kυkηkυkkυ PΛ   (30) 

where  TTT
1 ...,, Nυυυ   is the state vector of comparison system; η  is scalar function, which is the 

output of comparison system; 
NN

k
RΛ )(  is non-stationary matrix with non-negative elements, 

describes the comparison system dynamics.  

In [16] was formulated the theorem according to which for the vector Lyapunov function (27) 

and general Lyapunov function (29) the following inequalities are equitable 

 

     ),()(),()( *
0

*
kηkVkυkV  ξξξξ  (31)  

ifmatrix )(kΛ elements is determined by the characteristic equation of quadratic formspencil 
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10)()()()(det

10)()()()(det

T

T

PFPF
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 (32) 

 

Herewith   2
1

max)( ijij ȝkλ  , where 
max
ijȝ  is the maximum value of the appropriate 

characteristic equation (32) root. Thus the comparison system (30) majorizes componentwise vector 

Lyapunov function (27) and gives an upper estimate of the processes behavior of entire system S . As 

a result stability analysis of the entire controlled supply network S  with decentralized controllers 

reduces to the analysis of the comparison system (30) stability.  

Under supply network model construction the nodes are numbered and grouped according to 

the stages of processing of raw materials and semi-finished products, starting with those that exposed 

external disturbance, specifically demand. Moreover, any layer of the network combines nodes that are 

resource suppliers for the nodes belonging to the layers with numbers strictly less than l  and at least 

for one node of the layer 1l . If a directed graph described the supply network, is a tree, that is, has 
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no cycles, then non-stationary dynamic matrix )(kΛ  of the comparison system (30) is lower 

triangular. Since the diagonal elements of the matrix )(kΛ  are calculated based on the first of 

equations (32), their values are positive and 1)(0  kλii .  

As a result, non-stationary matrix kk )(Λ  is nilpotent and therefore, the comparison system 

(30) is stable. Consequently, the entire controlled supply network S  consisting of interconnected 

subsystems NiSi ,1,  , which with local feedback decentralized controllers (12) will be Lyapunov 

stable. 

 

Conclusions 
The invariant ellipsoids method along with LMI technique is an effective approach to solving 

the robust decentralized inventory control problem in large-scale supply networks. The specific 

features of this problem aredecomposed structure of complex supply network, the uncertainty, but 

boundedness of external demand and the presence of asymmetric structural constraints on the states 

and control actions values. 

To suppress influence of disturbances witch describes the change of external demand together 

with ensuring stability of the closed-loop local subsystems the invariant ellipsoid technique is applied 

that allowed control problem statement in terms of LMI and reduce the control synthesis to SDP and 

one-dimensional convex optimization problems. The most important property of obtained solution is 

the Lyapunov stability of the entire controlled supply network with decentralized controllers which is 

guaranteed by use of the comparison method and the technique of vector Lyapunov functions. 

The resulting control depends on the chosen value of the safety inventory levels. One can 

choose optimal values of local safety levels within the proposed technique since the solution of the 

robust decentralized control synthesis problem involved actually gives the algorithmic dependence 

between the local safety inventory level and the optimal value of the local performance criterion. 

Further research in this area may be related to the multi-agent and consensus control theory for 

load and flows coordination in large-scale supply chains networks. 
 

REFERENCES 

1. Bartmann D., Beckmann M. Inventory control: Models and methods.  Heidelberg: Springer-Verlag, 1992,  

252 p. 

2. Bemporad A., Morari M. Robust model predictive control: A survey. //Lecture Notes in Control and 

Information Sciences, 1999, Vol. 245,  pp. 207-226. 

3. Lyubchyk L., Dorofieiev Yu. and Nikul'chenko A. Robust Model Predictive Control of Constrained Supply 

Networks via Invariant Ellipsoids Technique. /Proc. 7-th IFAC Conftrence on Manufacturing Modeling, 

MКЧКРОЦОЧЭ КЧН CШЧЭrШХ (MIM’β013), St. Petersburg, Russia, June 19-21, 2013, 6 p. 

4. Dorofieiev Yu., Lyubchyk L. and Nikul'chenko A. Robust stabilizing inventory control in supply networks 

under uncertainty of external demand and supply time-delays. //Journal of Computer and Systems Sciences 

International.  2014, Vol. 53, No. 5, pp. 761-775. 

5. Blanchini F., Miani S. Set theoretic methods in control. – BШsЭШЧμ BТrФСтЮsОr, β008, 504 p.  

6. Blanchini F., Pesenti R., Rinaldi F. and Ukovich W. Feedback control of production-distribution systems 

with unknown demand and delays. //IEEE Transactions on Robotics and Automation, Special Issue on 

Automation of Manufacturing Systems.  2000, Vol. RA-16, No. 3, pp. 313-317. 

7. Mayne D., Rawlings J., Rao C. and Scokaert P. Constrained model predictive control: Stability and 

optimality. //Automatica. 2000, vol. 36 (6), pp. 789-814. 

8. Kothare M., Balakrishnan V. and Morari M. Robust constrained model predictive control using linear matrix 

inequalities. 1996, vol. 32(10), pp. 1361-1379. 

9. Siljak D. Decentralized Control of Complex Systems. – New York: Academic Press, 1991. 

10. Siljak D., Stipanovic D.  Robust stabilization of nonlinear systems: the LMI. Mathematical Problems in 

Engineering. 2000, vol. 6, pp. 461-493. 

11. Boyd S., Ghaoui E., Feron E. and Balakrishnan V. Linear matrix inequalities in system and control theory.        

– Philadelphia: SIAM, 1994, 187 p. 

12.  Rosinova D., Thuan N., Vesely V., Marko L. Robust decentralized controller design: subsystem approach. 

//Journal of Electrical Engineering. 2012, vol. 63, No. 1, pp. 28-34. 

13.  Dorofieiev Yu., Nikul'chenko A. Constructing mathematical models of controllable supply networks given 

flow delays. //System Research & Information Technologies. 2013, No. 1, pp. 16-27. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 

49 

14.  Blanchini F., Rinaldi F and UkovichW. Least inventory control of multistorage systems with non-stochastic 

unknown inputs.  //IEEE Trans. on Robotics and Automation. 1997, vol. 13, pp. 633-645. 

15.  Voronov A.A., Matrosov V.M. Metod vektornyh funktsij Ljapunova v teorii ustojchivosti. – M.: Nauka, 

1987, 312 p. (in Russian). 

16.  Bobtsov V.V., Boltunov G.I., Bystrov S.V and Grigor'ev V.V. Upravlenie nepreryvnymiidiskretnymi 

processami. – SPb.: SPbGU ITMO. 2010,175 p. (in Russian). 

 

ɊȿɁɘɆȿ 

ɊɈȻȺɋɌɇɈȿ ȾȿɐȿɇɌɊȺɅɂɁɈȼȺɇɇɈȿ ɍɉɊȺȼɅȿɇɂȿ ɁȺɉȺɋȺɆɂ  
ȼ ȻɈɅɖɒɂɏ ɋȿɌəɏ ɉɈɋɌȺȼɈɄ 

Ʌɸɛɱɢɤ  Ʌ.Ɇ., Ⱦɨɪɨɮɟɟɜ ɘ.ɂ. 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ “ɏɚɪɶɤɨɜɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ”, ɍɤɪɚɢɧɚ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚɩɚɫɚɦɢ ɜ ɛɨɥɶɲɢɯ ɫɟɬɹɯ ɩɨɫɬɚɜɨɤ ɜ 
ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ, ɧɨ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫɩɪɨɫɚ ɢ ɜɪɟɦɟɧɧɵɯ ɡɚɞɟɪɠɟɤ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɩɪɢ 
ɧɚɥɢɱɢɢ ɚɫɢɦɦɟɬɪɢɱɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ. Ʌɨɤɚɥɶɧɵɟ 
ɪɟɝɭɥɹɬɨɪɵ ɭɪɨɜɧɟɣ ɡɚɩɚɫɨɜ ɢɫɩɨɥɶɡɭɸɬ ɥɢɧɟɣɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɩɨ ɨɬɤɥɨɧɟɧɢɸ 

ɬɟɤɭɳɟɝɨ ɭɪɨɜɧɹ ɡɚɩɚɫɨɜ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɫɬɪɚɯɨɜɨɝɨ ɭɪɨɜɧɹ. Ⱦɥɹ ɩɨɞɚɜɥɟɧɢɹ ɜɥɢɹɧɢɹ ɜɨɡɦɭɳɟɧɢɣ, 

ɦɨɞɟɥɢɪɭɸɳɢɯ ɜɧɟɲɧɢɣ ɫɩɪɨɫ, ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ ɪɨɛɚɫɬɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɦɤɧɭɬɵɯ 

ɥɨɤɚɥɶɧɵɯ ɩɨɞɫɢɫɬɟɦ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɢɧɜɚɪɢɚɧɬɧɵɯ ɷɥɥɢɩɫɨɢɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɣ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ 
ɡɚɞɚɱɭ ɜ ɬɟɪɦɢɧɚɯ ɥɢɧɟɣɧɵɯ ɦɚɬɪɢɱɧɵɯ ɧɟɪɚɜɟɧɫɬɜ ɢ ɩɪɢɜɟɫɬɢ ɫɢɧɬɟɡ ɭɩɪɚɜɥɟɧɢɹ ɤɪɟɲɟɧɢɸ ɡɚɞɚɱɢ 

ɩɨɥɭɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɡɚɩɚɫɚɦɢ ɞɥɹ ɛɨɥɶɲɢɯ 

ɫɟɬɟɣ ɩɨɫɬɚɜɨɤ ɫ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɫɪɚɜɧɟɧɢɹ ɢ 
ɜɟɤɬɨɪɧɵɯ ɮɭɧɤɰɢɣ Ʌɹɩɭɧɨɜɚ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɧɜɚɪɢɚɧɬɧɵɟ ɷɥɥɢɩɫɨɢɞɵ, ɭɩɪɚɜɥɟɧɢɟ ɡɚɩɚɫɚɦɢ, ɥɢɧɟɣɧɨɟ ɦɚɬɪɢɱɧɨɟ ɧɟɪɚɜɟɧɫɬɜɨ, 
ɩɨɥɭɨɩɪɟɞɟɥɟɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɦɟɬɨɞ ɫɪɚɜɧɟɧɢɹ, ɪɨɛɚɫɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɫɟɬɶ ɩɨɫɬɚɜɨɤ, ɜɟɤɬɨɪɧɚɹ 
ɮɭɧɤɰɢɹ Ʌɹɩɭɧɨɜɚ.       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 
50 

ABSOLUTE CONVERGENCE AND SUMMABILITY OF THE FOURIER-BESSEL SERIES 

 

Skhirtladze I.A. and Skhirtladze N.I. 

 

V. Chavchanidze Institute of Cybernetics, Georgian Technical University 
 

Abstract. The sufficient conditions for absolute convergence and summability of the Fourier-Bessel series are 

given. 

Keywords: Fourier-Bessel series, absolute convergence, absolute summability. 

 

1. Some Notions and Definitions 

We deal with Lebesgue integrable functions, periodic with period 1, i.e.  0;1f L . Let us 

introduce the following notions 
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It is called the l-order difference. 

It is well known that the 0   order Bessel function is determined by the equation [1] 
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assume in Eq (2) that   >-1 . LОЭ Ȝ1,  Ȝ2, …, Ȝn …ЛО ЭСО гОrШОs ШП ЭСО КsМОЧНТЧР BОssОХ  J x -

function. Then the [nb:3] system of functions      1 2, ... ...nJ x J x J x      is an xdx-weight 

orthogonal system defined on the [0, 1] segment. Hence, to any  0;1f  function, we can match the 

Fourier-Bessel series  
1

,n n

n

c J x 



 where the Fourier-Bessel coefficient Cn is computed by formula  

   

 

1

0

1

2

0

n

n

n

f x J x xdx

C

J x xdx












 

Assume    , 0,1;0,1f x y L  is a Lebes gue function, periodic with separate variables with 

period 1. In this case, the Bessel system is written in the multiplication form    m nJ x J y   . 

It is obvious that this product is orthogonal [0,1; 0,1] on the two-dimensional segment, and its 

Fourier-Bessel series takes the form [2] 

   
,

mn m n

m n

C J x J y  


  

where the coefficient Cmn is determined by the equality [3] 
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     

   

1 1

0 0

1 1

2 2

0 0

,

.

m n

mn

m n

f x y J x J y xydxdy

C

J x xdx J y ydy

 

 

 

 




 

 
 

Let us introduce the functions 

   
1

0

,x f x y dy    and    
1

0

,y f x y dx    

and quantities 

       

       

     

1

12

1

12

1 1

1

1

0

1

1

0

1

1 1
, ,

1 1
,

0 0 2 2

2 ,

2 ,

2 , ,

m

n

m n

p p

r rm

m p

p p

s sn

n p

p p

t d t dm n

mn p

A f x dx

B f y dy

D f f dxdy









 



 
  
 
 

 
  
 
 

 
  
 
 





 

 

 

 

where 
     

1 2

,

, 1 2

0

[4]1 , .
t d

t d kt d

h h

D k

t d
f x h y kh

k








  

 

  
      

  
  

2. Theorems about Absolute Convergence and Summability 

Theorem 1. Say  1, 2p  is some number, and function  f  with period 1 belongs to Lp[0, 1], or for 

some natural number 

   1

1

2 <
l n

n p

n

A f


 


 



      where

 

0, 0< <
1

p

p
 


 

Then   
1

1 < ,n

n

C n






   

 

hence follows the absolute convergence of the Fourier-Bessel series. 

Theorem 2. Say  0,1; 0,1pf L   1,2p and  

 

       

     

1 2

1 2

1 1

1 1

, 1 1

1 1

2 < , 2 < ,

2 2 < ,

r m s n

m p n p

m n

t d m n

mn

m n

A f B f

D

 
   

   

 
   

 

 
   

 

         

  

 


 

where 1 2, 0, 0< < ,
-1

p

p
    then 

 

   1 2

1 1

1 1 < .mn

m n

C m n
 

 

 

     

,  
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Theorem 3. Say  0,1; 0,1pf L and 1< 2.p   if 
   1 1

1 1

2 < , 2 < ,
r sm n

m p n p

m n

A f B f
 

 

 

    
 

and 

  1 2
,

1 1

2 2 <
t d m n

mn

m n

D
 

 

 

    

Then the Fourier-Bessel series 1 2, ,C      is summarized. 
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ɊȿɁɘɆȿ 

ȺȻɋɈɅɘɌɇȺə ɋɏɈȾɂɆɈɋɌɖ ɂ ɋɍɆɆɂɊɍȿɆɈɋɌɖ ɊəȾȺ ɎɍɊɖȿ-ȻȿɋɋȿɅə 

ɋɯɢɪɬɥɚɞɡɟ ɂ.Ⱥ., ɋɯɢɪɬɥɚɞɡɟ ɇ.ɂ. 
ɂɧɫɬɢɬɭɬ ɤɢɛɟɪɧɟɬɢɤɢ ɢɦ. ȼ. ɑɚɜɱɚɧɢɞɡɟ Ƚɪɭɡɢɧɫɤɨɝɨ Ɍɟɯɧɢɱɟɫɤɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ 

ɉɪɟɞɫɬɚɜɥɟɧɵ ɞɨɫɬɚɬɨɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɚɛɫɨɥɸɬɧɨɣ ɫɯɨɞɢɦɨɫɬɢ ɢ ɫɭɦɦɢɪɭɟɦɨɫɬɢ ɪɹɞɚ Ɏɭɪɶɟ-Ȼɟɫɫɟɥɹ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɹɞ Ɏɭɪɶɟ-Ȼɟɫɫɟɥɹ, ɚɛɫɨɥɸɬɧɚɹ ɫɯɨɞɢɦɨɫɬɶ, ɚɛɫɨɥɸɬɧɚɹ ɫɭɦɦɢɪɭɟɦɨɫɬɶ. 
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foTis portis Semosasvleli arxis mimdebare teritoriis 

liTodinamikis ricxviTi modelireba. 

 mosilvebis sawinaaRmdego sainJinro RonisZiebebi 

 
saRinaZe i.s., bregvaZe a.v., gagoSiZe S.n.  

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 saqarTvelos teqnikuri universiteti 
  
foTis navsadguris Semosasvleli arxis mosilvisagan dacvis problema 

aqtualuri da mniSvnelovania. misi mougvareblobis SemTxvevaSi, axlo 
momavalSi SesaZloa navsadguris funqcionirebis SezRudva.  

1939 wlamde mdinare rionis SesarTavi mdebareobda navsadguris 
samxreTiT. is warmoadgenda ortotian deltas, romlis CrdiloeTi totis 
SesarTavi mdebareobda navsadguris samxreTi molos siaxloves, xolo 
samxreTi totis SesarTavi Suquras siaxloves.  gazafxulis wyaldidobebis 
dros q. foTis teritoriebi itboreboda, rac did zians ayenebda qalaqs. 
aRniSnuli uaryofiTi procesebis Tavidan aridebis mizniT 1939 wels mdinare 
rioni gadagdebuli iqna navsadguris CrdiloeTiT nabadis midamoebSi. 

mdinaris gadagdebis Semdeg q. foTis portis samxreTiT daiwyo 
sanapiros intensiuri warecxvebi, rac ganpirobebuli iyo myari natanis 
deficitiT. sawinaaRmdego procesebi daiwyo navsadguris Semosasvlel arxsa 
da mis CrdiloeTiT. am midamoebSi dafiqsirebulia fskeris siRrmeebis 
Semcireba (natanis akumulacia) siCqariT 0,2-0,3 metri weliwadSi. es procesi 
mimdinareobs md.rionidan Semotanili natanis wvrilmarcvlovani fraqciebis 
xarjze.  

tvirTbrunvis gazrdis SemTxvevaSi navsadgurs aqvs SemuSavebuli 
arsebuli portis CrdiloeTiT, nabadis deltis mimarTulebiT gafarToebis 
gegma. es gegma gulisxmobs mdinare rionis nabadis arxis SesarTavis 
mimdebare teritoriidan samxreTiT arsebuli portis mimarTulebiT 2-2,5 
kilometri sigrZis damcavi molis mSeneblobas. es moli portis Semosasvlel 
arxs aacilebs rionis CrdiloeT totidan Semotanil natans da daicavs mas 
mosilvebisagan. 

im SemTxvevaSi, roca damcavi moli ar Sendeba saWiroa procesebis 
Seswavla da Sesabamisi sainJinro RonisZiebebis dasaxva. 

problemis Seswavlisas visargebleT portis Sesasvleli arxis mimde-
bare teritoriis liTodinamikis maTematikuri modelirebis meTodebiT. amo-
cana davyaviT sam etapad rac niSnavs, rom Tavidan amovxsnaT talRebis 
organzomilebiani amocana, Semdeg miRebuli Sedegebis gamoyenebiT gamovT-
valoT sanapiro dinebebi da bolos miRebuli Sedegebis gamoyenebiT natanis 
moZraoba da fskeris topografiis cvlileba [1-4]. 

rogorc natanis masis mudmivobis gantolebidanaa cnobili, wylis 
siRrmis cvlileba SeiZleba Caiweros Semdegnairad [1,5,6]: 

    

,
y

q

x

q

t

h yx












      (1) 

sadac x da y  horizontaluri koordinatebia; 
x

q da
y

q
 
ki - elementis sazRv-

rebSi natanis moZraobis moculobiTi siCqare x  da y  mimarTulebebiT. moZ-

raobis moculobiTi siCqareebi  gamoisaxeba elementis vertikaluri ganivi 
kveTis mier drois erTeulSi gatarebuli efeqturi natanis moculobiT.  

natanis moZraobis siCqaris gansazRvrisaTvis miRebulia formula [1,5]:  

          
wywxcycxyx

qqqqqq ,,,  ,    (2)       
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sadac  
cycx

qq ,  gasaSualebuli dinebebiT gamowveuli natanis transporti-

rebis siCqarea,  
wywx

qq ,  ki - talRebiT gamowveuli natanis transportirebis 

siCqare. dinebebiT gamowveuli natanis transportirebis siCqare gamoiTvleba 
formuliT:  

UQq ccx  ,  VQq ccy  , gAQ crmcc  /)(  , 

sadacUU da V gasaSualebuli dinebebis siCqareebia  da  mimarTulebiT,   

Ac-0,1-1 rigis uganzomilebo koeficientia; m  - talRebisa da dinebebis 

erToblivi moqmedebiT gamowveuli fskeruli Zvris Zabvis maqsimaluri 
mniSvnelobaa. 

talRebis mier natanis moZraoba gamowveulia fskeruli talRuri 
siCqaris asimetriulobiT da ufro rTulia, radganac is iTxovs iseTi 
faqtorebis gaTvaliswinebas, rogoricaa talRaTa refraqcia, difraqcia, 
damsxvreva, arekvla da fskeris daxriloba. talRebiT gamowveuli natanis 
transportirebis siCqare gamoiTvleba formuliT [5]: 

 

,  ,   ,      

 

sadac 
w

A  
uganzomilebo koeficientia; bû fskeruli orbituli siCqaris 

amplitudaa;  kuTxea talRebis gavrcelebis mimarTulebasa da  RerZs 
Soris. 

formulebSi, romlebiTac ganisazRvreba  
yx qq , , ar aris gaTvaliswine-

buli fskeris daxris faqtori. misi gaTvaliswinebiT miiReba: 
 

   
x

h
qqq xsxx 


 ' ,    

y

h
qqq ysyy 


 '    (3)                

da (1)-is nacvlad miviRebT: 

     
y

q

x

q

t

h yx











 ''

.               (4)  

amoxsnis algoriTmi. SemovitanoT (3) gantolebebSi aRniSvnebi: 

 xqA  ,      
xqB  ,        

yqC  ,        .yqD   

 
Dda (4) gadavweroT Semdegi saxiT: 
 

    


































y

h
DC

yx

h
BA

xt

h
.   (5)  

 
CamovayaliboT ganzogadoebuli amocana. (5) gantolebis ganzoga-

doebuli amoxsna vuwodoT funqcias  1

2

~
Wh (  1

2

~
W -sobolevis funqcia), rome-

lic akmayofilebs gantolebas [3-5]: 
 

  

dS
y

h
DC

y
dS

x

h
BA

x
dS

t

h
ji

S

ji

S

ji

S

,,,   

































.   (6)  

nebismieri  
0

1

2, Wji  , aq  
0

1

2W - Tavis pirveli rigis warmoebulTan erTad 

kvadratulad Sejamebadi funqciebis sivrcea, romelic   sazRvarze nulis 

tolia da Rebulobs nebismier fiqsirebul mniSvnelobas S  aris SigniT. 
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gamoviyenoT (6)-Si grinis formula, miviRebT:   

  

dS
yy

h
DCdS

xx

h
BAdS

t

h ji

S

ji

S

ji

S

































 ,,

,


 .  (7)  

 
gadavideT aproqsimaciis sqemis Sedgenaze. SemdgomSi S areSi vagebT 

badur marTkuTxovan 
n

S ares bijiT xa  da yb  .  proeqciul-sxvaobiani 

sqemis asagebad 
n

S areze badis TiToeul kvanZs ),( ji yx  vuTavsebT kurantis 

ji ,
  funqcias, romelic mocemul kvanZSi erTis tolia, xolo badis danarCen 

kvanZebSi – nulisa: 

     
   








nmji

nmji
yx jinm

,,,0

,,,1
,,

 
 

 

 
 
 

nax. 1. integrebis are, romelic moicavs portis Semosasvlel  arxs 
 (naCvenebia wyvetili xazebiT) 

 

funqciebs  
jinm yx ,,  matareblad aqvs eqvskuTxedi, romelic 

gamosaxulia nax. 2-ze:    

ʰნʺʬʪʸʬʩʰʹ 

ʨʸʬ 
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nax. 2. sasruli elementi 

 
 
me-(5) gantolebis miaxloebiTi amonaxsnis povna SesaZlebelia formuliT: 
 

     

   yxthh
n

Sji

jiji ,
,

,,


                           (8)           

),(, yxji - funqcia nulisgan gansxvavebulia mxolod aris  
ji yx ,  kvanZis 

momijnave eqvs samkuTxedSi. amitom me-(5) gantolebis integrireba xdeba am 
samkuTxedebis gaerTianebiT.   

 th ji,
 koeficientebis mosaZebnad (7) gantoleba CavweroT Semdegi saxiT: 

   0
,,,

, 





































 dS

yy

h
DCdS

xx

h
BA

dt

dh
dS

ji

S

ji

S

ji

S

ji


   (9)          

CavsvaT (8) gamosaxuleba (9)-Si da sabolood vRebulobT veqtorul 
tolobas:  

   0



hE
t

h 
 ,   ,0 0hh


 abyx  .                 (10)            

unda aRiniSnos, rom naSromSi droiTi wevris aproqsimaciis dros 
gamoyenebulia maaproqsimebeli formulebi:     

    jiji hh ,, .,
  





 . 

es iZleva saSualebas, rom gamoTvlebis gasamartiveblad evoluciuri 
amocanis nacvlad SemdgomSi ganxilul iqnes koSis amocana. rogorc 
cnobilia, am dros aproqsimaciuli Tvisebebi ar icvleba [3,4].  

yoveli   n
Sji ,  -saTvis (10) tolobas mivceT saxe: 

  FhEhEhEhEhE
dt

dh
jijijijiji

ji   1,5,141,3,12,1

, ,           (11)                

me-(11) gantolebis amoxsnisas viyenebT krank-nikolsonis sqemas, 
romelic uzrunvelyofs droSi meore rigis aproqsimacias. miRebuli 
gantolebebi Sesabamisi sasazRvro da sawyisi pirobebis dros efeqturad 
ixsneba zeda relaqsaciis meTodiT. 

ricxviTi gamoTvlebis Sedegebi mocemulia nax. 3 da 4-ze. samodelo 
droa 48 saaTi (erToStormi – 5-6 baliani), drois biji _ 5 wuTi. zRvis donis 
saSualo awevis sawyisi sidide angariSis dros aris 0,1m.  

1,1  ji  

ji,

шшбо

ji ,1  

1, ji  

ji ,1  

1,1  ji  

1, ji  

1  

2

3
 

4

5
 

6
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portis Semosasvlel arxSi fskeris topografiis cvlileba arsebuli 
mdgomareobis SemTxvevaSi mocemulia nax. 3-ze. uaryofiTi mniSvnelobebi Seesa-
bameba fskeris erozias, dadebiTi ki – akumulacias. is icvleba – 0,16 m-dan  
0,80 m-mde. natanis mniSnelovan akumulacias adgili aqvs portis Semosasv-
leli arxis mosaxvevSi da icvleba 0,68-dan 0,80 metramde (nax. 3). 

nax. 4-ze mocemulia portis Semosasvlel arxSi fskeris topografiis 
cvlileba wyalqveSa arxis gaWrisa da tomrebis ganlagebis SemTxvevaSi. 
rogorc nax. 4-dan Cans arxis gakeTebisa da tomrebis ganlagebis SemTxvevaSi 
Semosasvleli arxis mosaxvevSi daleqvis suraTi icvleba da is moTavsebu-
lia diapazonSi 0,18-0,26m, e. i. Semcirda daaxloebiT 60-70%-iT. 

 

 
nax. 3. portis Semosasvlel arxSi fskeris topografiis cvlileba  arsebuli 

mdgomareobis SemTxvevaSi 
 

 
nax. 4. portis Semosasvlel arxSi fskeris topografiis cvlileba  arxis 

gakeTebisa da tomrebis ganlagebis SemTxvevaSi 
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nax. 4-ze mocemulia portis Semosasvlel arxSi fskeris topografiis 
cvlileba wyalqveSa arxis gaWrisa da tomrebis ganlagebis SemTxvevaSi. 
rogorc nax. 4-dan Cans arxis gakeTebisa da tomrebis ganlagebis SemTxvevaSi 
Semosasvleli arxis mosaxvevSi daleqvis suraTi icvleba da is moTavsebu-
lia diapazonSi 0,18-0,26m, e. i. Semcirda daaxloebiT 60-70%-iT. 

amrigad, foTis navsadguris Semosasvleli arxis mosilvisagan dacvi-
saTvis saWiroa: 

1.  portis CrdiloeTiT garkveul siRrmemde damcavi molos mSenebloba, 
romelic Sesasvlel arxs aacilebs natanis Setanas da daicavs mas mosilve-
bisgan. 

2. im SemTxvevaSi, Tu damcavi molo araSendeba, maSin saWiroa portis 
Sesasvleli arxis mimdebare teritoriaze wyalqveSa arxis gaWra da garkveu-
li wesiT siliT avsebuli tomrebis ganlageba (nax. 4) ricxviTi modelireba 
gviCvenebs, rom aRniSnuli RonisZieba 60-70%-iT Seamcirebs dasilvebis 
intensiobas. 

 
samuSao Sesrulebulia rusTavelis erovnuli samecniero fondis granti # AR/22/3-

109/14 finansuri mxardaWeriT. winamdebare publikaciaSi gamoqveynebuli nebismieri 
azri ekuTvnis avtorebs da SesaZloa ar asaxavdes SoTa rusTavelis erovnuli 
samecniero fondis Sexedulebebs. 
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SUMMARY 

NUMERICAL SIMULATION OF LITHODYNAMICS PROCESSES IN THE AREA OF THE 

CHANNEL TO THE PORT OF POTI: ENGINEERING MEASURES AGAINST SILTING CHANNEL 

Saghinadze I.S., Bregvadze A.V. and  Gagoshidze Sh.N. 

Akaki Tsereteli State University, Kutaisi 

Georgian Technical University  

In the paper the problem of protecting the channel and internal waters of the Poti port from silting is discussed. A 

mathematical model of  lithodynamics of the channel and  the algorithm for the numerical solution of the  

problem are designed. The finite element method and the Crank-Nicholson scheme are used. The numerical 

experiments show that the deposition of sediment in the channel is intense 0.7-0.8m/year. Engineering measures 

are proposed to solve the existing problems. 

Keywords:  seaport channel, silting,  lithodynamics, numerical simulation, engineering measures. 
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TRANSVERSE DAMPING OF MAIN PIPELINES OF HYDROTRANSPORT SYSTEMS 

UNDER THE INFLUENCE OF PARAMETRIC FORCES 

 

Makharadze L.I. and Gavasheli L. Sh. 

 

Georgian Technical University 

 
Abstract: The paper deals with damping of transverse vibrations in main hydrotransport pipelines with 

consideration for the effect of parametric forces. It was determined that the transverse (parametric) forces are 

damped when an flexible dampimg device is installed at one end of the pipeline. The intensity of transverse 

vibrations increases with the damping factor and the liquid mass (hydro-air mixture) flow velocity in the 

pipeline. Besides, the system is entirely in the low-frequency range of transverse vibrations, which, for its part, 

exerts an additional effect on the sustainability and reliability, i.e. the safe operation, of the main.  

Keywords: hydrotransport systems, main pipeline, liquid mass, flow frequency, vibration, flexible damping 

device. 

 

1. Introduction 

Transverse vibrations always develop in main pipelines of pressure hydrotransport systems as 

in distributed parametric systems which transport the liquid mass (mixture of water and loose solid 

material particles – hydraulic fluid) during operation. These vibrations are also called parametric 

vibrations, as their origin and development depend on the range of variation of the values of 

hydrodynamic parameters of liquid mass transported through the pipeline. Sometimes, the transverse 

vibrations are characterized by high frequency and amplitude in accordance with the dynamic 

processes developed in the main pipeline, which exerts an adverse effect on the sustainability and 

reliability of the main pipeline, the main pipeline and the pipeline fittings are expected to break down.  

Despite the importance and newsworthy of the problem, which has been studied by the many 

famous scientists since last century, there are still several issues which have never been considered. 

Such issue is the one of pipeline transverse vibrations, which in specific circumstances have a 

significant impact on the sustainability of the entire hydrotransport operation. This was proved by our 

experimental research, which was carried out on industrial sites of different capacity and semi-

industrial laboratory equipment [1-10]. 

It should be noted that, for its part, the pipeline represents a damping element to a certain 

extent, which contradicts the development of transverse, i.e. parametric vibrations.  

Therefore, the objective of our research was to establish the link between the damping forces 

predetermined by the pipeline and the velocity of the liquid mass flow transported through the main 

pipeline, as well as to identify the conditions which ensure the minimum vibrations of the main 

pipeline in the transverse direction.    

It was determined that the transverse (parametric) vibrations of the pipeline are damped if an 

flexible damping device is attached to the one end of the main pipeline (Fig. 1). The intensity of 

damping increases with the increasing velocity of the liquid mass (liquid flow) transported through the 

pipeline and the damping capacity (damping factor) of the damping device when the pipeline system 

entirely falls within the range of low-frequency transverse vibrations, which in its part, exerts an 

additional effect on the sustainability and safe operation of the pipeline.  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Mechanical model of the system "Pipeline – Flexible damping element" 
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For a theoretical analysis, let us review the distributed parameter stem (pipeline) of a certain 

length equal to the length of the wave propagated in it. One end of the pipeline is attached to the 

flexible-damping element and the other end is free (Fig. 1).  

 

2. Theoretical analysis 
  

In the considered case, the frequency of parametric vibrations is calculated based on the 

relationship 

     

,
3

3

2

m

c  


                                   

(1) 

 

where m is the mass of unit length of the stem (pipeline), km;   is the entire length of the stem, m; c is 

the stiffness of the stem (pipeline) during its transverse movement at an angle equal to its unit, N/M, 

  is the viscous friction factor of the stem (pipeline).  

 In case of parametric vibrations of the reviewed model, a certain force ( 0v2 m ) develops in 

it (where v is the velocity of the longitudinal wave propagated in the stem (pipeline), m/sec; 0  is the 

angle between the longitudinal displacement point and the horizontal state (in degrees) which is 

directed against the transverse displacement, which acts against their critical amplitudes forced by the 

system and to a certain extent acts as a damper to suppress the transverse vibrations of the stem 

(pipeline).  

 

 

 

 

 

 

 

 

 

 

  
 

Fig. 2. Graphical drawing of the inclination angle in the pipeline transverse plane at any moment of time  

 

 

In the course of the analysis of transverse vibrations of pipelines, it should be considered that 

the parametric vibrations occurring in the system are to a certain extent influenced by the velocity of 

the liquid mass flow moving in it and the pressure pulsation (fluctuation). Thus, the objective of our 

next research is to establish the link between the above-mentioned damping force, the flow velocity 

and the pressure pulsation to identify the conditions under which the displacement (vibration) in the 

transverse plane of the pipeline will be minimal.  

 Let us use the following symbols to make up a differential equation of transverse vibrations of 

the reviewed system. 

 In Fig. 2 is shown a longitudinal z section of the pipeline in coordinate x,  t  being the angle 

of pipeline deflection at any moment of time. Accordingly, zz  , and z   will be the 

displacement, velocity and acceleration of this pipeline section, respectively. The forces developing 

during the interaction of liquid mass particles and pipeline walls will be dependent on the coordinates 

of z and will be directed perpendicular to the pipeline axis, i.e.  tzFF , . Accordingly, the force 

acting on the pipeline section of dz length will be Fdz, while the mass of liquid particles will be equal 

to dzm1 (where m1 is the mass equal to the unit length of liquid flow). In this case, the differential 

equation of transverse vibrations of the system will be as follows:  

φ(Э) 

z 
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  ,)(, 1 txmtzF 
                                                           

 (2) 

 

where )(tx is the acceleration of  liquid particles moving perpendicular to the pipeline axis. 

Iin our case,  

 

,v2)(    ztx
                                                                

(3) 

 

where v  is the velocity of liquid flow in the pipeline.  

 From equation (2) the intensity of forces acting on the liquid flow from the pipeline walls may 

be identified, i.e. it can be written as follows  

 

  .)v2(, 1    zmtzF                                                           (4) 

 

 Really, analogous opposite forces from the liquid flow act on the pipeline walls as well and 

will create a negative point in respect to the center of connection of the flexible-damping device: 

 

.v
3

)2( 2
3

1

0

1 







  



 mzdzzmM                                  (5) 

 Besides, the point of connection of the flexible-damping device to the pipeline – M1 acts on 

the pipeline, which will be directed perpendicular to its geometric axis, opposite its transverse 

displacement which will be equal to: 

.)(1   cM                                                    (6) 

 

 Due to the above reasoning, the differential equation of the pipeline transverse vibration will 

be as follows: 

.
3

3

1  
m

MM                                                    (7) 

 If expressions (5) and (6) are considered in this equation, we will obtain: 

  ,0v
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i.e. 
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3v3
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



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(8) 

 

 It is seen from expression (8) that )(t represents an angle between the horizontal position of 

the pipeline and its inclination at a certain moment of time. The factor of its first derivative is positive, 

i.e. the process of vibration of the pipeline in transverse direction entirely bears a suppressible nature, 

and, at the same time, the suppression intensity increases with increasing liquid flow velocity and the 

damping factor. From the theoretical point of view, absolute balance - sustainability of the pipeline 

may be achieved by selection of their optimal values.  

Physically, the achievement of effective suppression of transverse vibrations of the pipeline 

may be explained as follows: the second member in equation (8), which contains the first derivative of 

the rotation angle and represents a quasi-suppressive element, is derived by the force acting on the 

pipeline from the side of the liquid flow which in the considered case will be equal to: 

 

  ,v2 12   mF                                                        (9) 

 

 The pressure profile of  force 2F  is shown in Fig. 3. 
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Fig. 3. Pressure profile of forces acting on the internal surface of the pipeline walls  

 

 Really, force 2F  depends on the liquid flow velocity (v) and the damping factor (  ). 

 It is seen from equation (9) that force 2F  is proportional to angular velocity  t and creates a 

moment opposite in sign in the pipeline, when  
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then the general solution of equation (8) will be as follows:  

 

  ,cossin 21 tctc
ht                                                     (10) 
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where  c1 and c2  are any constants which are defined from the initial conditions.  

 

3. Conclusion 
 

 It is seen from equation (11) that, as mentioned above, the intensity of suppression of 

transverse vibrations of the pipeline increases with the increasing liquid flow velocity and damping 

factor, while the frequency of free vibrations (in our case, the frequency of parametric vibrations) 

decreases with the increasing liquid flow velocity and damping factor, i.e. more effective suppression 

of lower frequency vibrations is achieved, which positively affects the pipeline sustainability and 

operation safety, i.e. the rational values of the liquid flow velocity and the damping factor to be 

realized in practice ensure the minimal transverse displacement of the pipeline.  

 We developed the effective means of damping the transverse vibrations of the main pipelines 

of pressure hydrotransport systems [11, 12] and, by selecting the parameter values of their damping 

elements, the sustainability and safe operation of the main pipeline can be achieved.  
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ɝɢɞɪɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɫɢɥ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɩɟɪɟɱɧɵɟ 
(ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ) ɫɢɥɵ ɹɜɥɹɸɬɫɹ ɡɚɬɭɯɚɸɳɢɦɢ, ɤɨɝɞɚ ɧɚ ɨɞɧɨɦ ɤɨɧɰɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɛɭɞɟɬ ɪɚɫɩɨɥɨɠɟɧɨ 
ɭɩɪɭɝɨ-ɞɟɦɩɮɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɩɟɪɟɱɧɵɯ ɤɨɥɟɛɚɧɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɣ ɦɚɫɫɵ (ɝɢɞɪɨɚɷɪɨɫɦɟɫɢ) ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɫɢɫɬɟɦɚ ɩɨɥɧɨɫɬɶɸ ɨɤɚɡɵɜɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɧɢɡɤɢɯ ɱɚɫɬɨɬ ɩɨɩɟɪɟɱɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɱɬɨ ɫɨ 
ɫɜɨɟɣ ɫɬɨɪɨɧɵ ɨɤɚɡɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɧɚɞɺɠɧɨɫɬɶ, ɬ.ɟ. ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɞɪɨɬɪɚɧɫɩɨɪɬɧɚɹ ɫɢɫɬɟɦɚ, ɦɚɝɢɫɬɪɚɥɶɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ, ɠɢɞɤɚɹ ɦɚɫɫɚ, ɱɚɫɬɨɬɚ 
ɩɨɬɨɤɚ, ɜɢɛɪɚɰɢɹ, ɭɩɪɭɝɨ-ɞɟɦɩɮɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ. 
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ferTa Teoria veb-dizainSi aris mecniereba da igi gamudmebiT viTar-

deba. rogorc yvela mecnierebas masac Wirdeba Rrmad Cawvdoma. veb-dizainerma 
aucilebelia icodes rogor SearCios ferebi imisaTvis, rom ferTa 
SeTanxmeba sasiamovno iyos momxmareblebisaTvis. statiaSi ganxilulia ferTa 
Teoriis zogierTi sakiTxi veb-dizainisaTvis. 

ferTa harmoniuli SeTanxmeba SeiZleba iyos rbili da dinamiuri. 
rbili harmoniis dros gamoiyeneba gardamavali ferebi da ferebi ganza-
vebuli TeTriT an SaviT. dinamiuri harmonia gvaqvs, rodesac gamoiyeneba 
naTeli, sufTa ferebi Serevis gareSe da Zlier kontrastuli ferebi. 

ferTa harmonias ganapirobebs Semdegi faqtorebi: pirveli ferTa 
kombinacia, meore – ferTa kontrasti Seferilobis, sikaSkaSis da gajere-

bulobis mixedviT. kontrastuli ferebi Seferilobis (Hue) mxriv gulisxmobs 
absoluturad gansxvavebul ferebs. magaliTad, lurji da wiTeli, Savi da 

TeTri. ferTa sikaSkaSe (Brightness)  damokidebulia ferSi TeTri an Savi feris 
Semcvelobaze. Tu aviRebT nebismier fers TeTri feris damatebiT misi 
sikaSkaSe gaizrdeba, xolo Savi feris damatebiT igi gamuqdeba. feris 
gajerebuloba (Saturation) gansazRvravs ramdenadaa feri ,,sufTa” e.i. Seicavs 
Tu ara is nacrisferis Senarevs. asprocentiani gajereba niSnavs mxolod 
sufTa fers (rogoricaa cisartyela caze). absoluturad  gaujerebeli feri 
aris aqromatuli magaliTad, nacrisferi. 

harmoniul kombinaciaSi aucileblad unda iyos kontrasti 
Seferilobis, sikaSkaSis da gajerebulobis mixedviT.  [1,2]. 

Savi da TeTri ferebi. Savi da TeTri ferebi aris yvelaze martivi 
ferebi. isini aqromatuli ferebia e.i. iseTi ferebia, romlebic ar Seicavs 
ferad Seferilobebs. Tu erTmaneTSi SevurevT sufTa Sav  fers da sufTa 
TeTr fers nebismieri TanafardobiT miviRebT mxolod  sxvadasxva Sefe-
rilobis nacrisfers. Savi da TeTri ferebidan miiReba aqromatuli Sefe-
rilobebi. Savi da TeTri ferebi yvelaze lakonuri da Zlieri SeTanxmebaa. 
saitebis mcire raodenobaSi Tu iqneba gamoyenebuli mxolod es ori feri. 
ferebis aseTi minimizireba gulisxmobs minimalur teqsts, romelic  datvir-
Tuli iqneba siRrmiseuli azrebiT. 

Savi, TeTri da wiTeli ferebi. qromatuli ferebidan e.i. iseTi 
ferebidan, romlebsac gaaCniaT Seferilobebi adamiani pirvelad aRiqvams 
wiTel fers. 2 aqromatuli ferisa da 1 qromatuli feris SeTanxmeba 
sakmarisad harmoniulia. Tu vqmniT saits minimaluri dizainiT, maSin yvelaze 
martivi gadawyvetaa TeTri foni, wiTeli saTaurebi da wiTeli bmulebi. 
gasaTvaliswinebulia, rom wvrili wiTeli asoebi Sav fonze (da piriqiT) 
cudad gamoiyureba. Sav da TeTr ferebze  nebismieri naTeli feris 
SeTanxmebiT miviRebT sasiamovno kombinacias. aqromatuli ferebi SeeTanxmeba  
nebismier qromatul fers. Tu sami feri cota iqneba, maSin ZiriTadi 
qromatuli feri ganazaveT SaviT an TeTriT. 

monoqromuli harmonia. monoqromuli kompozicia aigeba erT qromatul 
ferze da mis sxvadasxva Seferilobaze. Seferiloba iqneba ZiriTad ferze 
ufro naTeli, Tu ganvazavebT mas TeTri feriT. Seferiloba iqneba muqi, Tu 
ZiriTad fers ganvazavebT Savi feriT. monoqromuli harmonia aris Zalian 
rbili harmonia. praqtikaSi saintereso SeTanxmebas warmoadgens ramodenime 
monoqromuli Seferiloba da ZiriTad ferTan mimarTebaSi erTi kontrastuli  
feri. aRniSnuli gamoacocxlebs kompozicias da aZlevs mas dinamikas. 
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analoguri harmonia. analoguri harmoniis asaTviseblad saWiroa gamo-
viyenoT ferebis rgoli – cisartyela. 
ferebis rgolSi feri erTidan meoreSi 
gadadis segmentebis mixedviT. rgoli 
Sedgeba 12 segmentisagan. TiToeul seg-
ments miwerili aqvs ferebi TeqvsmetobiT 
sistemaSi. ferTa SeTanxmebis analoguri 
harmonia aigeba Zalian martivad: ferebis  
rgolze   unda  airCes  erTi feri, 
xolo masTan SeTanxmebaSi ori mezobeli 
feri an ori Semdegi feri  an ori wina 
feri: naxazze isrebiT naCvenebia ferebis 
SerCeva. Tu sami feri cotaa dizai-
nisaTvis, maSin  sasurvelia aqromatuli 
feris damateba. agreTve SesaZlebelia 
ferTa sikaSkaSis gazrdiT an SemcirebiT 
pasteluri tonebis miReba rbili 
harmoniis Sesaqmnelad. 

komplementaruli harmonia. komplementaruli harmoniis dros aiReba 
nebismieri ori feri, romlebic ferebis rgolze ganlagebulia erTmaneTis 
sawinaaRmdegod. MmagaliTad, wiTeli da mwvane, iisferi da yviTeli.  radgan 
es ferebi maqsimalurad kontrastulia, amitom sasurvelia erT-erTi feri 
iyos naklebad kaSkaSa da naklebad gajerebuli. komplementaruli wyvili, 
rogorc wesi, gamoiyeneba naTeli, dinamiuri dizainisaTvis. magaliTad, es 
exeba saitebs sportul Tematikaze. ra Tqma unda, ori feri sakmarisi ar 
iqneba dizainisaTvis. sasurvelia ZiriTadi ferebis ufro naTeli da ufro 
muqi Seferilobebis damateba. 

analogur-komplementaruli harmonia. analogur-komplementaruli 
harmoniis arsi mdgomareobs imaSi, rom ferebs analoguri harmoniidan 
daemateba feri, romelic Sua feris sawinaaRmdego mxarezea. jamSi gamodis  
oTxi feri. Tu davumatebT am oTx fers Seferilobebs, romlebic miiReba 
ZiriTad ferebze TeTris SereviT, maSin SesaZlebeli iqneba saitis yvela 
ganyofilebis sxvadasxva feriT gaformeba. es ferebi iqneba harmoniulad 
Sewyobili. 

split-komplementaruli harmonia. split-komplementaruli harmoniis 
dros rgolze aiReba ori ZiriTadi feri, aseve masTan SeTanxmebaSi aiReba 
ZiriTadi feris sapirispiro feris ori mezobeli feri. aseTi SeTanxmebis 
dros harmonia aris naklebad agresiuli. zogierTi SeTanxmeba SeiZleba 
Candes, rogorc arastandartuli. magaliTad, mewamuli, yviTeli da mwvane. am 
SemTxvevaSi gamoyaviT erTi feri sikaSkaSis mixedviT da SecvaleT danarCeni 
feris sikaSkaSe da gajerebuloba. 

samkuTxa harmonia. samkuTxa harmonia miiReba im ferebis SeTanxmebiT, 
romlebic ganlagebulia ferebis rgolze centrSi moTavsebul tolgverda 
samkuTxedis wveroebTan. samkuTxedis yovel erTi seqtoriT gadaadgilebisas 
miiReba ferebis axali sameuli. magaliTad, wiTeli, lurji da yviTeli. 

oTxkuTxa harmonia. oTxkuTxa harmoniis dros ferebis SerCeva 
damokidebulia  imaze, Tu romel figuras gamoviyenebT kvadrats Tu 
marTkuTxeds. oTxkuTxa harmoniis upiratesoba isaa, rom pirveli – airCeva 
oTxi feri, meore - ferebi iqneba saintereso SeTanxmebis. rogorc sxva 
SemTxvevaSi aqac sasurvelia 1-2 feris aReba rogorc ZiriTadi feris, xolo 
danarCeni feri saWiroebisamebr unda gamuqdes an gaRiavdes.  

Cveulebriv, foni xangrZlivi kiTxvis mizniT aiReba naTeli feris, 
xolo teqsti muqi feris. arsebobs aseTi wesi: saiti qvemo nawilSi ar unda 

 analoguri harmonia 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 
66 

iyos vizualurad ufro mZime, vidre zemoT. es niSnavs, rom gajerebuli da 
muqi ferebi unda gamoviyenoT zemoT, xolo qvemoT – piriqiT.  [3,4]. 

statiaSi ganxilulia ferTa Teoriis  zogierTi sakiTxi veb-dizainSi, 
romlebic sasargeblo iqneba veb-dizainiT dainteresebuli pirovnebebisaTvis. 
veb-saitebis Seqmnisas aqtiurad unda iyos gamoyenebuli veb-dizainisaTvis 
Camoyalibebuli wesebi ferebisa da ferTa SeTanxmebebis Sesaxeb. 
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SUMMARY 

WEB DESIGN COLOR THEORY  

Namchevadze  Ts.V. 

Akaki Tsereteli State University, Kutaisi 

The paper deals with the color theory for web designers. It considers the factors determining the color harmony: 

color complementation and contrast according to color, brightness, and saturation. Some combinations of 

achromatic and chromatic colors are considered. There are established the types of color harmony: 

monochromatic, analogous, complementary, analogous-complementary, split-complementary, triad and 

rectangle. 

Keywords: color theory, web design, color harmony. 
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 Tanamedrove pirobebSi gaizarda im momxmarebelTa raodenoba, 
romlebic iyeneben internets mobiluri mowyobilobebis saSualebiT. maT sul 
ufro metad WirdebaT arastandartuli da mosaxerxebeli dizainis Seqmna 
mobilurebisaTvis. statiaSi mokled aris gadmocemuli Tu rogor unda 
Seiqmnas dizaini saitisaTvis, romelsac daaTvalierebs momxmarebeli 
mobiluri mowyobilobebidan. aseTi dizainis SeqmnisaTvis: 
 pirvelad, unda ganisazRvros ekranis SesaZleblobebi fiqselebSi. 
magaliTad, mowyobilobebisaTvis: Apple iPhone 3G es aris 480X320 fiqseli, 
xolo Apple  iPone 4G – 960X640 fiqseli. logikuria, rom maketi unda gakeTdes 
yvelaze gavrcelebuli mobilurisaTvis. 
 meored, unda gairkves risTvisaa saWiro dizainis mobiluri versia, ra 
unda iyos masSi yvelaze mniSvnelovani da Rirebuli. aRniSnulis 
gaTvaliswinebiT unda gakeTdes sasargeblo servisebi (momsaxurebebi)  da 
funqciebi. davuSvaT, Sesaqmnelia sakonsultacio kompaniis saiti, maSin 
saWiro iqneba: mokle cnobebi kompaniis Sesaxeb, momsaxurebis sia,  kontaqtebi 
da sxva. amasaTan SesaZlebelia gvqondes Semdegi funqciebi: matareblebis 
ganrigi, amindi, axali ambebi da sxva. 
 vTqvaT, saWiroa 480X320 fiqselis mqone mobilurisaTvis dizainis 
Seqmna. cxadia patara area, magram vertikaluri gadamxvevis saSualebiT 
SesaZlebelia simaRlis gazrda. aRniSnul SemTxvevaSi swori iqneba erTi 
svetis gamoyeneba e.i. informacia unda iqnas ganTavsebuli erT svetSi. 
blokebi unda ganlagdes erTmaneTis qvemoT maTi mniSvnelovnebis klebis 
mixedviT ise, rogorc naCvenebia sur. 1-ze. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
  sur. 1. iPhone-isaTvis saitis maketi              sur. 2. saitis mza dizaini 
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mobilurisaTvis saitis Sesaqmnelad mniSvnelovania vicodeT Semdegi: 
1)  momxmareblebi yvelaze metad mobiluri mowyobilobebisaTvis iyeneben ara 
Tagvs an marTvis Rilakebs, aramed sakuTar TiTs. TiTis patara obieqtebze 
daWera an Sexeba Zalian rTulia. amitom Rilakebi da bmulebi unda gakeTdes 
iseTi, rom mosaxerxebeli iyos maTze TiTis daWera. 
2) saiti unda iyos: swrafad CatvirTvadi, informacia aqtualuri da advilad 
misawvdomi, gamosayeneblad mosaxerxebeli ramdenadac es SesaZlebelia. 
3)   saiti mobilurisaTvis saWiroa iyos wevadi imisaTvis, rom didi ekranis 
SemTxvevaSi momxmarebelma miiRos ufro didi are. saitis maketis Seqmnis 
Semdeg unda moxdes Semdeg stadiaze gadasvla – teqstebis, navigaciis 
elementebis damateba da a.S. (sur. 2) [1-3]. 
      dizainis Seqmnis Semdeg programisti uzrunvelyofs saitis asaxvas 
ekranze. aRsaniSnavia, rom popularul programebs PHP, Wordpress aqvs 
modulebi, romelTa gamoyenebac aCqarebs saitis damuSavebas. 
 sasargeblo utilitebi (momsaxure programebi). Tu saWiroa saitis 
mobiluri versiis Seqmna da dizainers ar unda daxarjos bevri resursi, 
amisaTvis arsebobs sasargeblo utilitebi. aseTi utilitebis saSualebiT 
SesaZlebelia sakmaod swrafad Seiqmnas saiti mobiluri 
mowyobilobebisaTvis. dizainers saSualeba eZleva CatvirTos logotipi, 
piktogramebi da mcired Secvalos standartuli dizaini. utilitis 
gamoyeneba aris advili da ekonomiuri xerxi mobilurisaTvis saitis 
Sesaqmnelad. 
 saitis wirenode.com utilitebi warmoadgens saitebis konstruqtors. misi 
gamoyenebiT SesaZlebelia saitis ara marto garegnuli saxis cvlileba,  
amasTan kontentis, bmulebis survilisamebr ganTavseba. agreTve miwvdomadia 
mnaxvelTa statistika, romliTac gasagebi gaxdeba Tu ramdeni momxmarebeli 
Semovida saitze mobiluri mowyobilobebidan  [4-5]. 
      Damrigad, SesaZlebelia mobilurebisaTvis arastandartuli servisebisa 
da funqciebis gakeTeba. amisaTvis saWiroa Sesabamisi dizainis Seqmna da 
Semdeg daprogrameba.  dizainis SeqmnisaTvis dizainerma unda icodes zogadi 
wesebi mobiluris dizainisaTvis. Ggarda amisa, dizainis vizualuri saxe da 
moxerxebuloba damokidebulia dizaineris gemovnebasa da profesionalizmze.    
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SUMMARY 

WEB DESIGN FOR MOBILE DEVICES 

Namchevadze  Ts.V. 

Akaki Tsereteli State University, Kutaisi 

The paper deals with web design for mobile devices. It is emphasized that, to make a web design for such 

devices, it is essential to know the display capability in pixels. For this purpose, a mobile version of design is 

necessary. With this in mind, desired applications and functions must be installed. There are such utility software 

that facilitate the work of a web designer. 

Keywords: web design, mobile device, Apple iPhone, service, utility. 
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xSir SemTxvevaSi fotoelementis efeqturobis gasazrdelad foto-

voltur blokebSi gamoiyeneba mzis energiis optikuri koncentracia. rac 
Tavis mxriv masalis ekonomiisa da mTlianad fotovolturi blokis fasis 
Semcirebas iwvevs.  

magram mzis energiis koncentrirebisas izrdeba ara marto eleqtruli 
energia aramed fotoelementis mier gamoyofili siTburi energiac, romelic 
sagrZnoblad acxelebs fotoelementis kristals, auaresebs mis parametrebs 
da SeiZleba mwyobridanac gamoiyvanos [1]. amis Tavidan asacileblad 
gamoiyeneba fotoelementis gacivebis sxvadasxva meTodebi da sistemebi. 
erTerTi yvelaze gavrcelebulia maRali Tbogamtarobis liTonis (alumini, 
spilenZi) radiatoriT elementidan siTbos arTmeva. mxolod radiatoriT 
gaciveba ver uzrunvelyofs maRali koncentraciisas kristalze gamoyofili 
siTbos arTmevas, ris gamoc saWiro xdeba airis an siTxis nakadiT gacivebis 
damateba, rac sagrZnoblad arTulebs konstruqcias da zrdis mis fass.  

mzis fotoelementisaTvis gacivebis sistemis damuSavebisas CvenTvis 
pirvel rigSi mniSvnelovani iyo gagverkvia konkretuli fotoelementisaTvis 
muSaobis optimaluri temperatura. anu misi gacxelebis temperaturuli 
diapazoni romlis drosac is gamoimuSavebs maqsimalur eleqtrul simZlav-

res da muSaobs stabilurad. gamokvleva Catarebuli iqna GaInP/GaAs/Ge struq-
turis mqone fotoelementze. fotoelementis gaciveba xdeboda wylis naka-
diT, romlis siCqaris cvlileba saSualebas gvaZlevda dagveyenebina foto-
elementis temperatura. miRebuli eleqtruli simZlavris aTvla xdeboda 
fotoelementis sxvadasxva temperaturisas. am dros ar icvleboda foto-
elementze dacemuli sxivuri energia da temperaturis cvlileba ganpiro-
bebuli iyo mxolod gacivebis xarisxis cvlilebiT. 

 

        
nax.1. fotoelementidan gamomavali eleqtruli simZlavris damokidebuleba 

fotoelementis temperaturaze 
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SeviswavleT fotoelementidan gamomavali eleqtruli simZlavris 

damokidebuleba fotoelementis temperaturaze (nax.1). miRebuli Sedegebidan 

Cans, rom fotoelementidan gamomavali eleqtruli simZlavre 60°C 
temperaturamde praqtikulad ar mcirdeba, xolo Semdgom iwyebs mkveTr 

Semcirebas. e.i. Cven SegviZlia davuSvaT koncentrirebisas fotoelmentis 

gacxeleba 60°C temperaturamde ise, rom ar davkargoT eleqtruli simZlavre. 

Catarebuli kvlevidan gamomdinare unda damuSavebuliyo gacivebis 

sistema, romelic uzrunvelyofda fotoelementis temperaturis SenarCunebas 

ara umetes 600C, masze dacemuli mzis sxivuri energiis sakmaod didi 

mniSvnelobisas (koncentraciis maRali xarisxis dros). tipis mixedviT aseT 

SemTxvevaSi erT-erT saukeTeso variantad Cvens mier miCneuli iqna 

Termosifonis principze dafuZnebuli gacivebis sistema. 

Termosifonebi warmoadgenen yvelaze martiv Tbur milebs. hermetiulad 

daxurul milSi, romlidanac amotumbulia haeri moTavsebulia siTxis   

raRac   raodenoba.  milis qveda nawilis (aorTqlebis zona) gacxelebisas 

xdeba siTxis aorTqleba da orTqli adis civi bolosken (kondensaciis zona), 

sadac kondensirdeba. kondensati gravitaciuri Zalebis zemoqmedebiT milis 

kedlebiT brundeba aorTqlebis zonaSi. garkveul pirobebSi es procesi 

grZeldeba uwyvetad. aqedan gamomdinare orTqladqcevis siTbos L xarjze 

warmoebs Tbogadacemis procesi. radgan orTqladqcevis siTbo didia, 

Termosifonis boloebs Soris mcire temperaturis sxvaobis SemTxvevaSic 

xorcieldeba sakmaod didi siTbos gadatana [2]. 

orTqlis gadatana TermosifonSi aorTqlebis zonidan kondensaciis 

zonaSi xdeba am zonebs Soris wnevaTa sxvaobiT. radgan Termosifonis 

muSaobas Tan axlavs pirveli rigis fazuri gardaqmnebi, SesaZlebelia 

klapeiron-klauziusis gantolebis gamoyeneba, romelic warmoadgens pirveli 

rigis fazuri gadasvlebis ZiriTad gantolebas. 

 

 
 

sadac dp/dT - temperaturisgan wnevis cvlilebaa; L - gardaqmnili siTboa;             

T - fazuri gadasvlis temperaturaa; V2 -V1 - siTxe-orTqli sistemisTvis 

moculobaTa sxvaobaa.  

Termosifonebs gaaCniaT maRalefeqturi Tbogamtaroba. magram maT aseve 

gaaCniaT naklovanebebic. erTerTi ZiriTadi naklovaneba isaa, rom konden-

satis dabruneba aorTqlebis zonaSi xorcieldeba gravitaciuli ZalebiT, es 

ki niSnavs, rom aorTqlebis zona mudam dabla unda iyos kondensaciis 

zonaze. es naklovaneba praqtikulad gamoiricxeba mzis energiis gardaqmnisas, 

radgan  fotoelementi mzis energiis eleqtrul energiad gardaqmnisas daxri-

lia (ar imyofeba horizontalur mdgomareobaSi), Sesabamisad daxrili iqneba 

gacivebis is sistema, romelzec is aris ganTavsebuli. gamomdinare aqedan 

gacivebis sistemis sxvadasva nawilebi iqneba sxvadasxva doneze. es ki 

saSualebas gvaZlevs gamoviyenoT gacivebis Termosifonis principi. Cvens mier 

damuSavebuli fotoelementidan siTbos arTmevis Termosifonuri sistema 

WrilSi mocemulia nax..2-ze. 
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nax.2.  fotoelementis TermosifoniT gacivebis sistema. 
1 - Termosifonis kedlebi; 2 – minateqstoliti; 3 - kristalis damWeri-gamomyvani;             

4 - fotoelementis kristali; 5 - indiumis kilita. 
       
 

Termosifoni warmoadgens spilenZis (aluminis) mils (1), romlis erTi 

mxarec brtyelia. brtyeli mxare gankuTvnilia fotoelementis kristalis (4) 

dasamagreblad. fotoelementsa da mils Soris kargi siTburi kontaqtis 

uzrunvelsayofad moTavsebulia indiumis kilita (5) sisqiT 150 mkm. Txeli da 

rbili indiumis kilita avsebs im RreWoebs romlebic SeiZleba warmoiSvas 

fotoelementsa da mils Soris. fotoelementidan emZ-s moxsna xorcieldeba 

(3) kristalis damWeri-gamomyvaniT, romelic Tavis mxriv uerTdeba (2) 

folgirebul minateqstolits. Termosifonis qveda mxare daxurulia, xolo 

zeda uerTdeba kondensators, romelic moTavsebuli wylis avzSi. wyali 

arTmevs kondensators energias da acivebs mas. fotoelementis gacivebisa da 

wylis gacxelebis erTiani sistema mocemulia nax. 3-ze. 

 

 

 
 
 
 

nax.3. fotoelementis gacivevebisa da wylis gacxelebis erTiani sistema  
1 - fotoelementis kristali; 2 - indiumis kilita; 3 - Termosifonis mili;                

4 - wylis avzi; 5 – kondensatori; 6 - wylis Sesasvleli da gamosasvleli milebi;             
7 - maorientebeli sadgami. 
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imisaTvis, rom gacxelebul fotoelements wavarTvaT siTbo saWiroa 

TermosifonSi movaTavsoT Tbomatarebeli siTxe. am siTxis SerCevisas pirvel 

rigSi gasaTvaliswinebeli iyo misi duRilis temperatura. es parametri unda 

yofiliyo fotoelementis muSaobisaTvis optimalur temperaturaze naklebi 

an toli. am mxriv Cveni azriT saukeTeso variants warmoadgenda acetoni, 

romlis duRilis temperatura daaxloebiT 56 0
C-ia. TermosifonSi 

gansaTavsebuli acetonis raodenoba imdeni unda iyos, rom man mTlianad 

Seavsos fotoelementis gacxelebis zona anu unda Seqmnas aorTqlebis zona. 

Tu fotoelementi mzis energiis zemoqmedebiT gacxeldeba ise, rom misi 

temperatura da misi ganTavsebis zonis temperatura gadaaWarbebs 560
C maSin 

acetoni daiwyebs duRils da Sesabamisad intensiur aorTqlebas. 

aorTqlebisas acetoni arTmevs siTbur energias fotoelementis kristals da 

gadaaqvs kondensatorisaken, romelic ganTavsebulia wylis avzSi da civdeba 

wyliT. kondensatorSi civdeba acetonis orTqli da gadascems sakmaod did 

siTbur energias wyals, romelic Tavis mxriv Tbeba. gacivebuli acetoni 

kvlav gadadis Txevad mdgomareobaSi da simZimis Zalis zegavleniT kvlav 

Camoedineba aorTqlebis zonaSi. es procesi uwyvetad meordeba manamde sanam 

mzis energia moqmedbs fotoelementze. aRniSnuli procesi imiTacaa kargi, 

rom is uzrunvelyofs fotoelementis temperaturis stabilizaciasac 

garkveul diapazonSi, radgan Tu fotoelementis temperatura moimatebs 

acetonis aorTqleba ufro intensiuri xdeba da Sesabamisad fotoele-

mentidan siTbos gadatanac ufro intensiuri xdeba, riTac xdeba foto-

elementis temperaturis SenarCuneba, izrdeba mxolod gacxelebuli wylis 

temperatura. 

 

 

 
 

nax.4 fotoelementis temperaturis damokidebulebi mzis energiiT gacxelebis 
droze 

 
aRniSnuli Termosifoni gamoicada mzis energiis sxvadasxva koncen-

traciis xarisxisas am dros koncentraciis zrdisas izrdeboda, rogorc 

fotoelementis mier gamomuSavebuli eleqtruli simZlavre aseve misi 

temperaturac. garkveul momentSi temperaturis zrda Sewyda (nax.4) gadavida 

gajerebis reJimSi. es imiT aixsneba, rom TermosifonSi daiwyo acetonis 

duRili da misi intensiuri aorTqleba Sesabamisad intensiurad daiwyo 

fotoelementis gacivebac. am dros vzomavdiT temperaturebs aorTqlebis 
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zonis dasawyissa da boloSi. gazomvebma gviCvena, rom temperaturaTa sxvaoba 

ar aRemateba 30
C. es imaze miuTiTebs, rom fotoelementze temperatura 

Tanabradaa gadanawilebuli, rac Zalian mniSvnelovania misi stabiluri da 

efeqturi muSaobisaTvis.  
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SUMMARY 

THERMOSYPHON COOLING SYSTEM FOR SOLAR THERMOELECTRIC TRANSDUCERS 

Khachidze T.I. and Avaliani I.M. 

LEPL IЧЬЭТЭЮЭО “OЩЭТМК” 

Georgian Technical University 

The paper deals with the design of a  thermosyphon cooling system for solar cells. From the obtained 

investigation results, it can be inferred that the thermosyphon system is efficient for cooling the thermoelectric 

transducers with high concentration of solar energy. At the same time, this system provides high  temperature 

stability of the cells. 

Keywords: solar cell, thermoelectric transducer, thermosyphon cooling system. 
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saqarTvelos, rogorc evraziis satransporto 

 derefnis roli da mniSvneloba 

 

margalitaZe i.n., gegeSiZe e.i., gabiZaSvili l.g. 
 

saqarTvelos teqnikuri universiteti 
 
 

saqarTvelos geopolitikuri mdebareoba, rogorc qveynis  mniSvne-
lovani strategiuli resursi, qmnis xelsayrel pirobebs saerTaSoriso   
satransporto sistemaSi saqarTvelos integrirebisTvis. saxelmwifo politi-
ka  upirvelesad  mimarTuli unda iqnas axal ekonomikur sivrceSi saqarTve-
los mewarmeTa efeqtianad Sesvlis pirobebis Sesaqmnelad. amave dros, ekono-
mikuri sazRvrebis  gaxsnasTan erTad es politika, gansakuTrebiT gardamaval 
periodSi, unda iTvaliswinebdes  saSinao bazrisa da adgilobrivi mewarmis  
dacvas gacilebiT ufro Zlieri ucxouri mewarmisgan. 

saqarTvelos geopolitikuri potencialis aTvisebis da  saerTaSoriso 
satransporto sistemaSi  misi integraciis erT-erTi efeqtiani forma aris 
saqarTvelos mier  satranzito satransporto derefnis  Tanamomsaxurebis 
funqciis Sesruleba. 

satransporto derefani SeiZleba warmodgenili iyos, rogorc gark-
veuli geografiuli arealebis  damakavSirebeli da maT Soris satransporto 
nakadebis mimarTuli moZraobis momsaxure sistema, uzrunvelyofili sakanonm-
deblo baziT, ganviTarebuli infrastruqturiT da marTvis logistikuri 
sistemebiT.   

panevropuli satransporto derefnebis formirebis koncefcia, rome-
lic kretis konferenciaze  (1994w.)  Camoyalibda, asaxavs  evropis erTian 
socialur-ekonomikur sivrceSi centraluri da aRmosavleT evropis  qveya-
naTa integraciis politikas. saqarTvelosTvis udidesi mniSvneloba aqvs  
trasekas derefnis mierTebas pan-evropul  derefnebTan, agreTve Savi zRvis 
pan-evropuli arealis koncefciis realur ganxorcielebas. imisTvis, rom 
Seswavliliyo trasekas marSrutis dakavSireba Savi zRvis regionTan da pan-
evropul derefnebTan, evrokomisiis mxardaWeriT 1997 wels TbilisSi  
Catarda konferencia  Savi zRvis ekonomikuri TanamSromlobisa da trasekas 
monawile qveynebis  maRali oficialuri pirebis warmomadgenlobiT. swored 
es Sexvedra gaxda winapiroba 1997 wlis helsinkis pan-evropuli satranspor-
to konferenciisa, romelzec 4 pan-evropuli satransporto areali  gani-
sazRvra: xmelTaSua zRvis, adriatikis, barencis da Savi zRvebis (Pan European 

Transport Area. PETRA).  
kavkasiis regionis mimarT dasavleTis qveyanaTa realuri interesis 

konkretuli gamoxatulebaa evrokavSiris tasisis programis farglebSi 
mimdinare trasekas regionaluri proeqti, romlis mizania evropa-kavkasiis-
aziis satransporto derefnis    ganviTarebis xelSewyoba, raTa Seiqmnas  am 
regionis qveyanaTa  Soris (bulgareTi, ukraina, saqarTvelo, azerbaijani, 
somxeTi, TurqmeneTi, yazaxeTi, yirgizeTi, tajikeTi, uzbekeTi  da monRo-
leTi) urTierTobaTa iseTi meqanizmi, romelic xels Seuwyobs tvirTebis 
moZraobas aRniSnuli mimarTulebiT. 

 gansakuTrebulia amierkavkasiisa da centraluri aziis, rogorc 
energomatareblebiT da sxva resursebiT erT-erTi umdidresi regionis, 
mniSvneloba. realisturad afaseben ra kaspiispireTis regionis arsebuli 
politikur mdgomareobasa da resursebs, msoflios umsxvilesi navTobmompo-
veblebi Tvlian, rom aucilebelia daiwyos am regionSi  navTobisa da gazis 
mopovebisa da transportirebisTvis  saWiro farTomasStabiani samuSaoebi. 
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Sesabamisad, transkavkasiuri satransporto derefnis  funqcionirebis  
uzrunvelyofaSi SeuZlebelia, Tavisi mniSvnelobiT, erTmaneTs gaemijnos 
politikuri da ekonomikuri aspeqtebi.   

iqmneba politikuri da ekonomikuri stabilobis iseTi garemos Camoya-
libebis saimedo pirobebi, romelSiac sagrZnoblad izrdeba eTnokonfliq-
tebis daregulirebisa da maTi mSvidobiani gziT mowesrigebis Sansebi. 
energomatareblebis da sxva tvirTebis satranzito funqciis  Sesrulebas 
Tan moyveba: ekonomikis mravali seqtoris gamococxleba; axali samuSao adgi-
lebisa da adeqvaturi infrastruqturis Seqmna;  qveynis biujetis Sevsebis  
stabiluri da mZlavri damatebiTi wyaros Seqmna;  gzebis keTilmowyoba da 
rkinigzis transportis aRdgena; portebis  rekonstruqcia da ganviTareba;   
turizmis ganviTareba; qveynis satransporto sistemaSi marTvisa da regu-
lirebis Tanamedrove formebis  amoqmedeba; konkurenciis principulad axal 
garemoSi satransporto  momsaxureobis  Tvisobrivad axali normebis 
damkvidreba [1,2]. 

kavkasiis derefani  saukunis proeqtia, mravalmxrivi da globaluri, 
romelsac bevri umniSvnelovanesi wamowyeba ukavSirdeba. mag. inogeiti - 
saxelmwifoTaSorisi proeqtebi navTob- da gazsadenebisTvis, kavkasiis 
rkinigzebis sareabilitacio proeqtebi, sahaero marSrutebi da xva. 

trasekas proeqtis realizaciiT saqarTvelo realurad erTveba msof-
lios globalur interesTa sferoSi. trasekas derefnis amoqmedebis 
procesSi saqarTvelo evrokavSiris  strategiuli partniori xdeba.  Sesaba-
misad, transkavkasiuri satransporto derefnis funqcionirebis  uzrunvel-
yofaSi SeuZlebelia, Tavisi mniSvnelobiT, erTmaneTs gaemijnos politikuri 
da ekonomikuri aspeqtebi.   

trasekas  derefnis ganviTarebis mniSvnelovani piroba aris trans-
portis ministrTa Tbilisis (1996w.) konferenciis gadawyvetilebaTa reali-
zacia.  maT Sesabamisad, trasekas warmatebis mniSvnelovani pirobebia: 
• trasekas kavkasiuri nawilis CarTva Savi zRvis panevropul satransporto 
arealSi (PETRA), an trasekas kavkasiuri nawilisTvis arsebuli 10 panevro-
puli derefnis statusis miniWeba; 
• panevropul derefnebTan (kerZod, me-4, me-7,  me-8 da me-9 derefnebTan)  
dakavSireba; 
• xmelTaSua zRvis auzis satransporto sistemasTan dakavSireba; 
• marSrutis ganviTareba aRmosavleTis mimarTulebiT da aziis satranspor-
to derefnebTan  (ESKAP –is proeqtebi) dakavSireba. 

Savi zRvis ekonomikuri TanamSromlobisa da trasekas qveynebis sat-
ransporto koncefciis mier mowonebuli ideebis ganxorcieleba  - trasekas 
derefnis marTvis  komitetis Camoyalibeba  da sagadamxdelo  sakliringo  
meqanizmis  Seqmna -  xels Seuwyobs am mimarTulebis ganviTarebas.   

amierkavkasiis satransporto derefnis  formirebisTvis gansakuTre-
buli mniSvneloba eniWeba oTxi qveynis - saqarTvelos, azerbaijanis, Turqme-
neTisa da uzbekeTis - prezidentebis  mier xelmoweril seraxsis (1996 w.) 
xelSekrulebas, romelsac SemdgomSi, SeuerTdnen bulgareTi da yirgizeTi.  
saqarTvelos satransporto politikis strategiul amocanas wamoadgens am 
xelSekrulebis  moqmedebis arealis gafarToeba  rogorc dasavleTis, aseve 
aRmosavleTis mimarTulebiT. gansakuTrebiT mniSvnelovania sami qveynis - 
CineTis, yirgizeTis da uzbekeTis   - xelSekrulebiT Seqmnili, am qveynebze 
gamavali umoklesi sarkinigzo gzis gamoyeneba da misi dakavSireba, rogorc 
trasekas programasTan, aseve, seraxsis xelSekrulebasTan. Sesabamisad, iqmne-
ba erTiani grandiozuli satransporto areali, romelic aRmosavleTidan, 
CineTis sazRvao portebidan, gavrceldeba CrdiloeT evropis  sazRvao 
portebamde (amsterdamamde). amgvar pirobebSi saqarTvelos geopolitikuri 
mdgomareoba  gansakuTrebul mniSvnelobas iZens. 
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evraziis satranzito marSrutebi dasavleT-aRmosavleTis mimarTu-
lebasTan  erTad moicavs CrdiloeT-samxreTis mimarTulebasac.  

 

 
  

saqarTvelos aqvs mniSvnelovani potenciali am mimarTulebiT  satran-
sporto derefnis CamoyalibebaSi. sadReisod, erTmaneTisgan damoukideblad 
moqmedeben saqarTvelodan CdiloeTisaken da samxreTsaken mimarTuli trasebi.  
saqarTvelos SeuZlia Seasrulos am mimarTulebiT integrireba CrdiloeT-
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samxreTis SemaerTebel  derefanSi, misi didi politikuri da ekonomikuri 
mniSvnelobis gamoyenebiT. 

gansakuTrebiT yuradReba unda mieqces CrdiloeT-samxreTis mimarTu-
lebiT  ruseTTan satransporto  urTierTobis  gazrdis politikur aspeqts, 
rogorc didi mniSvnelobis mqones, amierkavkasiaSi konfliqtebis dareguli-
rebisTvis.   

aRsaniSnavia, rom  regionSi arsebobs  amgvari derefnis ganviTarebis 
perspeqtivis  gansxvavebuli xedvebi. saqarTvelos dasWirdeba moqnili poli-
tikis  gatareba arsebuli potencialis sakuTari interesebis Sesabamisad 
wasamarTavad. 

CrdiloeT-samxreTis mimarTulebis derefnis ganviTarebis grZelvadian  
perspeqtivas qmnis saqarTvelos monawileoba  gaeros ekonomikuri komisiis 
proeqtebSi, rogoric aris transevropuli Crdilo-samxreTuli  saavtomo-
bilo magistrali da transevropuli Crdilo-samxreTuli   sarkinigzo  
magistrali  (TEM   da   TER). es proeqtebi mimarTulia Tanamedrove saavtomo-
bilo  da sarkinigzo qselis Seqmnaze, romelic daakavSirebs baltiis, adria-
tikis, egeosis da Savi  zRvebis  regionebs. 

saqarTvelos mier satranzito funqciis Sesruleba gulisxmobs ara 
marto sazRvao da saxmeleTo, aramed sahaero derefnebis  ganviTarebas. 
arsebuli potencialis  gamosayeneblad aucilebelia  sahaero-sanavigacio  
sistemebis  reabilitacia/ganviTareba, frenis Tanamedrove saerTaSoriso   
standartebis uzrunvelyofis mizniT. 

saqarTvelos satransporto sistemis saerTaSoriso sistemaSi  
integraciis uaxloesi mimarTulebebia:  
• regularuli sarkinigzo, horizontaluri da vertikaluri  tvirTdamu-
Savebis tipis gemebiT  Savi zRvisa da xmelTaSua zRvis auzis qveynebSi 
tvirTgadazidvebis uzrunvelyofa; 
• evropasTan dasakavSireblad samdinaro transportis gamoyeneba (dunai-rein-
maini sistema) tvirTebis gadasazidad Savi zRvis saqarTvelos navsadgurebi-
dan (e. w. mdinare-zRvis principi); 
• samxreTis (TurqeTi) mimarTulebiT sarkinigzo xazebis ganviTareba; 
• sahaero derefnis ganviTareba dasavleT-aRmosavleT da CrdiloeT-
samxreTis mimarTulebebiT; 
• saavtomobilo gzebis ganviTareba  CrdiloeTis (ruseTi) da samxreTis 
(TurqeTi)  mimarTulebebiT; 
• politikuri mowesrigebis Semdeg afxazeTze saavtomobilo da sarkinigzo 
mimosvlis aRdgena. 
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SUMMARY 

GEORGIA’S ROLE AS A EURASIA’S TRANSPORT CORRIDOR 

Margalitadze I.N., Gegeshidze E.I. and Gabidzashvili L.G. 

Georgian Technical University 

Georgia should participate in international transport programs to realize fully Georgia's geopolitical potential and 

to integrate in the international transport system. By participating in the TRACECA (Transport Corridor Europe-

Caucasus-Asia) program, Georgia is involved in the sphere of interests of global powers. In the framework of 

TRACECA, Georgia becomes a strategic partner of the European Union. 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɋȼɈɃɋɌȼ ȼɁɊɕȼɑȺɌɕɏ ȼȿɓȿɋɌȼ ɋɈɁȾȺɇɇɕɏ ɇȺ ɈɋɇɈȼȿ 
ɍɌɂɅɂɁɂɊɈȼȺɇɇɕɏ ȻɈȿɉɊɂɉȺɋɈȼ 

 

ɏɨɦɟɪɢɤɢ ɋ.Ʉ., Ʉɭɱɭɯɢɞɡɟ Ɂ.Ʉ., Ⱥɩɪɢɚɲɜɢɥɢ Ⱥ.Ƚ., ɒɚɬɛɟɪɚɲɜɢɥɢ Ƚ.Ƚ., Ⱥɛɟɫɚɞɡɟ ɇ.Ⱥ.,  
Ⱥɩɰɢɚɭɪɢ Ⱥ.Ɇ. 

 

ɘɅɉɉ Ƚɨɪɧɵɣ ɢɧɫɬɢɬɭɬ ɢɦ. Ƚ.Ⱥ. ɐɭɥɭɤɢɞɡɟ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɜɨɟɧɧɵɯ ɛɚɡɚɯ ɛɵɜɲɟɝɨ ɋɨɜɟɬɫɤɨɝɨ ɋɨɸɡɚ ɫɤɨɩɢɥɨɫɶ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɛɨɟɩɪɢɩɚɫɨɜ ɫ ɢɫɬɟɤɲɢɦ ɫɪɨɤɨɦ ɝɨɞɧɨɫɬɢ, ɯɪɚɧɟɧɢɟ ɢɥɢ ɦɚɫɫɨɜɨɟ ɭɧɢɱɬɨɠɟɧɢɟ 
ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɟɪɶɟɡɧɭɸ ɩɪɨɛɥɟɦɭ.  

ɉɨɷɬɨɦɭ ɧɚ ɩɟɪɜɵɣ ɩɥɚɧ ɜɵɞɜɢɧɭɥɢɫɶ ɩɪɨɛɥɟɦɵ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɜ ɢɯ 
ɭɬɢɥɢɡɚɰɢɢ ɫ ɢɡɜɥɟɱɟɧɢɟɦ ɜɫɟɯ ɩɨɥɟɡɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɰɟɥɶɸ ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɪɟɪɚɛɨɬɤɢ  
ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɜɨɡɜɪɚɬɚ ɜ ɷɤɨɧɨɦɢɤɭ. 

ɉɪɨɰɟɫɫ  ɭɬɢɥɢɡɚɰɢɢ ɛɨɟɩɪɢɩɚɫɨɜ ɢ ɢɯ ɞɥɢɬɟɥɶɧɨɟ ɯɪɚɧɟɧɢɟ ɞɨɥɠɧɵ ɫɬɪɨɢɬɶɫɹ ɧɚ 
ɩɪɢɧɰɢɩɚɯμ  

- ɤɨɦɩɥɟɤɫɧɨɫɬɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɟɣ ɩɟɪɟɪɚɛɨɬɤɭ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɝɨ ɢɡɞɟɥɢɹ, 
ɜɤɥɸɱɚɹ ɛɨɟɜɵɟ ɱɚɫɬɢ, ɦɟɬɚɬɟɥɶɧɵɟ ɡɚɪɹɞɵ ɢ ɞɜɢɝɚɬɟɥɢ, ɫɪɟɞɫɬɜɚ ɢɧɢɰɢɢɪɨɜɚɧɢɹ, ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɬɚɪɭ ɢ ɩɪ.; 

- ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ, ɱɬɨ 
ɩɪɨɰɟɫɫ ɭɬɢɥɢɡɚɰɢɢ ɛɨɥɟɟ ɨɩɚɫɟɧ, ɱɟɦ ɩɪɨɰɟɫɫ ɫɧɚɪɹɠɟɧɢɹ; 

- ɫɨɛɥɸɞɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ. 
ɍɬɢɥɢɡɚɰɢɹ ɭɫɬɚɪɟɜɲɢɯ ɛɨɟɩɪɢɩɚɫɨɜ ɜ Ƚɪɭɡɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɜɨɟɧɧɨ 

ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ «Ⱦɟɥɶɬɚ» ɧɚ ɜɪɟɦɟɧɧɵɯ ɩɨɥɢɝɨɧɚɯ. ȼ ɝɨɪɧɨɦ ɢɧɫɬɢɬɭɬɟ ɢɦ.                 
Ƚ. ɐɭɥɭɤɢɞɡɟ ɜɵɩɨɥɧɟɧ ɩɪɨɟɤɬ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɣ ɢ ɫɨɡɞɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɜɡɪɵɜɱɚɬɵɯ 
ɜɟɳɟɫɬɜ ɧɚ ɨɫɧɨɜɟ ɭɬɢɥɢɡɢɪɨɜɚɧɧɵɯ ɛɨɟɩɪɢɩɚɫɨɜ», ɜ ɤɨɬɨɪɨɦ, ɧɚɪɹɞɭ ɫ ɭɱɟɧɵɦɢ ɢ ɢɧɠɟɧɟɪɚɦɢ 
ɢɧɫɬɢɬɭɬɚ, ɛɵɥɢ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɢ ɜɟɞɭɳɢɟ ɫɩɟɰɢɚɥɢɫɬɵ ɰɟɧɬɪɚ «Ⱦɟɥɶɬɚ». ȼ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɧɚ 
ɛɚɡɟ ɭɬɢɥɢɡɢɪɨɜɚɧɧɵɯ ɛɚɥɥɢɫɬɢɬɧɵɯ ɢ ɩɢɪɨɤɫɢɥɢɧɨɜɵɯ ɩɨɪɨɯɨɜ ɪɚɡɪɚɛɨɬɚɧɵ ɛɟɡɨɩɚɫɧɵɟ ɜ 
ɨɛɪɚɳɟɧɢɢ, ɞɟɲɟɜɵɟ ɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɜɡɪɵɜɱɚɬɵɟ ɜɟɳɟɫɬɜɚ. ɉɪɢɦɟɧɟɧɢɟ 
ɜɡɪɵɜɱɚɬɵɯ ɜɟɳɟɫɬɜ ɧɚ ɨɫɧɨɜɟ ɭɫɬɚɪɟɜɲɢɯ ɛɨɟɩɪɢɩɚɫɨɜ ɩɪɢ ɞɨɛɵɱɟ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ 
ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ, ɩɨɦɢɦɨ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ 
ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɬɢɥɢɡɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɯ ɭɧɢɱɬɨɠɟɧɢɟɦ ɧɚ 
ɨɬɤɪɵɬɵɯ ɩɨɥɢɝɨɧɚɯ. 

ȼ Ʌɚɛɨɪɚɬɨɪɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɪɵɜɱɚɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɡɪɵɜɚ ɧɚ ɨɫɧɨɜɟ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ɜɡɪɵɜɱɚɬɵɯ ɜɟɳɟɫɬɜ ɢ ɜɡɪɵɜɱɚɬɵɯ 
ɫɦɟɫɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɢɥɢ ɝɪɚɜɢɬɚɰɢɨɧɧɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ 
ɞɟɬɨɧɚɰɢɢ ɡɚɪɹɞɚ.   

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ȼȼ ɪɚɡɦɟɳɚɥɢɫɶ ɜ 
ɩɥɚɫɬɦɚɫɫɨɜɵɯ ɬɨɧɤɨɫɬɟɧɧɵɯ ɬɪɭɛɚɯ (β,5-γ,0 ɦɦ) ɞɥɢɧɨɣ β00-γββ ɦɦ ɢ ɞɢɚɦɟɬɪɨɦ 47; 66 ɢ       
106 ɦɦ. Ɇɚɫɫɚ ɨɫɧɨɜɧɨɝɨ ɡɚɪɹɞɚ,  ɜ ɡɚɜɢɫɢɦɨɫɬɢ  ɨɬ ɟɝɨ ɞɥɢɧɵ ɢ ɞɢɚɦɟɬɪɚ, ɦɟɧɹɥɚɫɶ ɨɬ 500 ɞɨ 
ββ50 ɝ. ȼɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɞɟɬɨɧɚɬɨɪɚ ɩɪɢɦɢɧɚɥɚɫɶ ɧɚɜɟɫɤɚ 
ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɝɟɤɫɨɝɟɧɚ ɦɚɫɫɨɣ 100 ɝ. ȼɜɢɞɭ ɦɚɥɨɣ ɩɪɨɱɧɨɫɬɢ ɨɛɨɥɨɱɤɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɪɹɞɵ ɪɚɫɰɟɧɢɜɚɸɬɫɹ ɤɚɤ ɨɬɤɪɵɬɵɟ. Ɂɚ ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ ɭɞɚɥɟɧɢɹ ɬɨɱɟɤ 
ɧɚɛɥɸɞɟɧɢɹ (ɭɫɬɚɧɨɜɤɢ ɞɚɬɱɢɤɨɜ) (L) ɩɪɢɧɹɬ ɬɨɪɟɰ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɞɟɬɨɧɚɬɨɪɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ (D) ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɨɬɤɪɵɬɵɯ 
ɡɚɪɹɞɨɜ ɩɢɪɨɤɫɢɥɢɧɨɜɵɯ ɩɨɪɨɯɨɜ λ/7, 4/1 ɢ ɬɜɟɪɞɨɝɨ ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɊɋɌ-4Ʉ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɧɚ ɝɪɚɮɢɤɚɯ (ɪɢɫ.1).  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ, ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɡɚɜɢɫɢɦɨɫɬɶ D=f(L) ɢɦɟɟɬ ɜɢɞ 
ɝɢɩɟɪɛɨɥɵ (ɪɢɫ.β). ɋɤɨɪɨɫɬɶ ɞɟɬɨɧɚɰɢɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ 
ɪɟɡɤɨ ɭɛɵɜɚɟɬ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɡɨɧɵ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɬ ɬɨɪɰɚ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɞɟɬɨɧɚɬɨɪɚ ɞɨ ɨɬɦɟɬɤɢ 100 ɦɦ. ɉɨɫɥɟ ɷɬɨɣ ɨɬɦɟɬɤɢ ɫɤɨɪɨɫɬɶ ɞɟɬɨɧɚɰɢɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ. 
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Ʉɪɢɬɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɨɬɤɪɵɬɨɝɨ ɡɚɪɹɞɚ ɪɚɜɟɧ 66 ɦɦ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɚɹ ɫɤɨɪɨɫɬɶ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɤɟɬɧɨɝɨ 
ɬɨɩɥɢɜɚ ɊɋɌ-4Ʉ (β,48γ ɤɦ/ɫ), ɡɚɬɟɦ ɜ ɭɛɵɜɚɸɳɟɦ  ɩɨɪɹɞɤɟ ɫɥɟɞɭɸɬ ɩɢɪɨɤɫɢɥɢɧɨɜɵɟ ɩɨɪɨɯɚ 
9/7 (2,1 ɤ/ɫ) ɢ 4/1 (1,468 ɤɦ/ɫ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ȼȼ ɩɨ ɞɥɢɧɟ ɡɚɪɹɞɚ 

 

Ɋɢɫ. 2. Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ȼȼ ɨɬ ɞɢɚɦɟɬɪɚ ɡɚɪɹɞɚ 

1 - ɩɢɪɨɤɫɢɥɢɧɨɜɵɣ ɩɨɪɨɯ 4/1; β -  ɩɢɪɨɤɫɢɥɢɧɨɜɵɣ ɩɨɪɨɯ λ/7;  γ - ɪɚɤɟɬɧɨɟ ɬɨɩɥɢɜɨ ɊɋɌ-4Ʉ 
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Ɉɩɵɬɧɵɟ ɜɡɪɵɜɵ ɨɬɤɪɵɬɵɯ ɡɚɪɹɞɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɦɟɫɟɣ, ɡɚɝɭɳɟɧɧɵɯ 10%-ɧɵɦ 
ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɠɟɥɚɬɢɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 5 ɦɥ ɧɚ ɤɝ ɫɦɟɫɢ, ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɩɪɢ ɞɢɚɦɟɬɪɟ 
ɩɨɫɥɟɞɧɢɯ 47; 66 ɢ 106 ɦɦ. 

ɂɫɫɥɟɞɨɜɚɥɨɫɶ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɩɨ ɞɥɢɧɟ ɡɚɪɹɞɨɜ ɫɥɟɞɭɸɳɢɯ 
ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɩɨɪɰɢɹɯ AN+ɉɉ-9/7, AN+ɊɋɌ-4Ʉ ɢ AN+ɉɉ -9/7,              

ɉɉ-4/1, ɊɋɌ-4Ʉ Д1, βЖ, (ɪɢɫ. γ ɢ 4). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ AN +ɉɉ 9/7 ɩɨ ɞɥɢɧɟ ɡɚɪɹɞɚ, Н=106 ɦɦ 

 

Ɋɢɫ. 4.  ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ AN +ɊɋɌ-4Ʉ  ɩɨ ɞɥɢɧɟ 
ɡɚɪɹɞɚ ɩɪɢ Н=106 ɦɦ 
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ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɜɡɪɵɜɱɚɬɵɯ ɫɨɫɬɚɜɨɜ ɨɬ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɤɨɧɜɟɪɫɢɨɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɷɬɢɯ ɝɪɚɮɢɤɨɜ, ɫɤɨɪɨɫɬɶ ɞɟɬɨɧɚɰɢɢ ɫɦɟɫɟɣ ɢɦɟɟɬ ɹɜɧɨ ɜɵɪɚɠɟɧɧɵɣ 
ɦɚɤɫɢɦɭɦ ɜ ɞɢɚɩɚɡɨɧɟ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 4β-65%. ɉɪɢ 
ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɷɬɨɣ ɨɛɥɚɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɚɜɚɦ ɫ ɧɭɥɟɜɵɦ 
(ɢɥɢ ɛɥɢɡɤɢɦ ɤ ɧɭɥɸ) ɤɢɫɥɨɪɨɞɧɵɦ ɛɚɥɚɧɫɨɦ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɜɟɪɫɢɨɧɧɵɯ 
ɜɡɪɵɜɱɚɬɵɯ ɫɨɫɬɚɜɨɜ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟ Дγ-5]. 

 

 

 

 

 

Ɋɢɫ. 5.  Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜ 
ɨɬɤɪɵɬɨɦ ɡɚɪɹɞɟ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ȼȼ. 

1 - ɩɢɪɨɤɫɢɥɢɧɨɝɨ ɩɨɪɨɯɚ λ/7; β - ɫɦɟɫɢ ɩɢɪɨɤɫɢɥɢɧɨɜɵɯ ɩɨɪɨɯɨɜ λ/7, 4/1 ɪɚɤɟɬɧɨɝɨ 
ɬɨɩɥɢɜɚ ɊɋɌ-4Ʉ; γ - ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɊɋɌ-4Ʉ 

  



 
 
 
s
a
q
a
r
T
v
e
l
o
s
 
s
a
i
n
J
i
n
r
o
 
s
i
a
x
l
e
n
i
, 

G
E

O
R

G
IA

N
 E

N
G

IN
E

E
R

IN
G

 N
E

W
S

, №
2
, 2

0
1
6
 

 
 8

2
 

                                                        

Ɋɚɫɱɟɬɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟ 
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ȼ ɝɪɚɮɟ λ ɭɤɚɡɚɧɧɨɣ ɬɚɛɥɢɰɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ 
ɨɬɤɪɵɬɨɝɨ ɡɚɪɹɞɚ ɡɚ ɩɪɟɞɟɥɚɦɢ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɞɟɬɨɧɚɬɨɪɚ, ɚ 
ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɊɋɌ-4Ʉ ɢ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɞɚɧɵ ɫ 
ɭɱɟɬɨɦ ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 
ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɊɋɌ-4Ʉ. 

Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ  ɚɧɚɥɨɝɢɱɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɜɡɪɵɜɱɚɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɷɬɭ ɠɟ ɬɚɛɥɢɰɭ 
ɜɤɥɸɱɟɧɵ ɞɚɧɧɵɟ ɩɨ ANFO, ɤɚɤ ɷɬɚɥɨɧɧɨɝɨ ɜɡɪɵɜɱɚɬɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɞɚɧɧɵɦ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɜɡɪɵɜɱɚɬɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɫ ɧɭɥɟɜɵɦ ɤɢɫɥɨɪɨɞɧɵɦ ɛɚɥɚɧɫɨɦ  ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɡɚ ɩɪɟɞɟɥɚɦɢ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɞɟɬɨɧɚɬɨɪɚ (ɪɢɫ. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 6.  Ƚɪɚɮɢɤɢ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ ɩɨ ɞɥɢɧɟ ɡɚɪɹɞɚ 
ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ȼȼ. 

1 - ANFO – ɷɬɚɥɨɧɧɨɟ ȼȼ; β – ɫɦɟɫɶ ɚɦɦɢɚɱɧɨɣ ɫɟɥɢɬɪɵ ɫ ɩɢɪɨɤɫɢɥɢɧɨɜɵɦ 
ɩɨɪɨɯɨɦ λ/7 ɜ ɫɨɨɬɧɨɲɟɧɢɢ 60/40; γ – ɚɦɦɢɚɱɧɚɹ ɫɟɥɢɬɪɚ ɫɨ ɫɦɟɫɶɸ 

ɩɢɪɨɤɫɢɥɢɧɨɜɵɯ ɩɨɪɨɯɨɜ λ/7, 4/1 ɢ  ɪɚɤɟɬɧɵɦ ɬɨɩɥɢɜɨɦ ɊɋɌ-4Ʉ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 
AN ɉɉ , ɊɋɌ-4Ʉ-60/40; 4 - ɫɦɟɫɶ ɚɦɦɢɚɱɧɨɣ ɫɟɥɢɬɪɵ ɫ ɢɡɦɟɥɶɱɟɧɧɵɦ  

ɪɚɤɟɬɧɵɦ ɬɨɩɥɢɜɨɦ ɊɋɌ-4Ʉ ɜ ɫɨɨɬɧɨɲɟɧɢɟ 40/60 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ (ɬɚɛɥɢɰɵ ɢ ɪɢɫ. 6), ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɨɫɬɚɜɵ 
ɧɚ ɨɫɧɨɜɟ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ɜɡɪɵɜɱɚɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɫɜɨɢɦ ɞɟɬɨɧɚɰɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɩɪɟɜɨɫɯɨɞɹɬ ɷɬɚɥɨɧɧɨɟ ȼȼ (ANFO). 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɹɜɥɹɸɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ, ɩɨɫɤɨɥɶɤɭ 
ɩɨɤɚ ɟɳɟ ɨɬɫɭɬɫɬɜɭɸɬ ɫɜɟɞɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɵɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɧɢɬɪɨɝɥɢɰɟɪɢɧɨɜɵɯ (ɛɚɥɥɢɫɬɢɬɧɵɯ) ɩɨɪɨɯɨɜ ɢ ɜɡɪɵɜɱɚɬɵɯ ɫɦɟɫɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɚ ɬɚɤɠɟ ɧɟ 
ɭɫɬɚɧɨɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼȼ ɧɚ ɨɫɧɨɜɟ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ɫɨɫɬɚɜɨɜ ɜ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ  
ɩɨɞɬɜɟɪɠɞɚɸɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɜɨɜɥɟɱɟɧɢɹ ɜ ɷɤɨɧɨɦɢɤɭ ɫɩɢɫɚɧɧɵɯ ɜɡɪɵɜɱɚɬɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɛɨɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 
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SUMMARY 

RESEARCH OF THE PROPERTIES OF EXPLOSIVES PRODUCED ON THE BASIS OF UTILIZED 

AMMUNITION 

Khomeriki S.K., Kuchukhidze Z.K., Apriashvili A.G., Shatberashvili G.G., Abesadze N.A.  

and  Aptsiauri A.M. 

G. Tsulukidze Mining Institute 

The problems of storage or mass destruction of ammunition expired are put forward. Recycling of out-of-date 

ammunitionopens ample opportunities of use of fighting equipment in the industry. At G. Tsulukidze Mining 

Institute, in the project framework, based on utilized ballistite and pyroxylin gunpowder, cheap and highly 

effective industrial safe explosives were developed, which application at open mining operations, besides 

considerable economic benefit, provides a higher level of ecological safety of recycling in comparison with their  

destruction on open ranges. At the Laboratory of Explosives Research and Blasting Technologies of                  

G. Tsulukidze Mining Institute, the gravitation density and the speed of charge detonation were experimentally 

defined.  As is obvious from the presented data, the experimental structures based conversion explosive 

compounds by their detonation characteristics surpass the explosives (ANFO). 

Keywords: recycling, utilized ammunition, explosives, ballistite, pyroxylin gunpowder, conversion, open 

charge, intermediate detonator, speed of detonation, critical diameter. 
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OPTICAL CONTROL OF THE TRANSMISSION SPECTRUM OF THE OPTICALLY 

ACTIVE LIQUID CRYSTAL LAYER 

 

Ponjavidze N.T., Bortolozzo U., Residori S., Chanishvili A.G., Chilaya G.S. and                     

Petriashvili G.Sh. 

 

Nonlinear Institute of Nice, France 

Institute of Cybernetics of Georgian Technical University 

 
Abstract. A several micron thick layer of a photosensitive optically active liquid crystal material possessing the 

optical activity of a very high value was studied. A photoinduced change in optical rotation resulting in a 

significant shift of the transmittance spectrum of the layer between crossed polarizers was obtained. 

Keywords: optical activity, cholesteric liquid crystal, photosensitivity, optical information recording. 

 

Optical information recording systems are usually based on using a layer of photosensitive 

material wherein, under the effect of light, one of the optical parameters can be modulated. A number 

of publications on this topic were concentrated on using the optical activity of the material as a 

modulated property [1,2].The optical parameter changing under the light effect in this case is the angle 

of polarization plane rotation. However this principle was ultimately rejected due to the absence of a 

photosensitive material with sufficiently high optical activity. The value of specific rotation of the best 

one was 22 deg/mm [3,4]. To obtain an appreciable photoinduced change of the polarization plane 

rotation in this material, the layer several millimeters thick was required. 

In this paper we demonstrate a photosensitive optically active cholesteric liquid crystal (CLC) 

material possessing a very high value of specific rotation (10
4
deg/mm), which allows obtaining a 

significant photoinduced change of optical properties in a layer several microns thick. We used a 

photo-isomerisable nematic ZhK-440 (NIOPIK) [5-8] and anon-photosensitive optically active dopant 

MLC-6β48 (MОrМФ). VКrвТЧР ЭСО ЩОrМОЧЭКРОs ШП ЭСОsО МШЦЩШЧОЧЭs, аО ШЛЭКТЧОН К ―ЩЮrО‖ ШЩЭТМКХХв 
active CLC mixture [9,10] rotating in the polarization plane of the transmitting light at 90 degrees in a                

7ȝ-thick layer. The rotation angХО НТsЩОrsТШЧ ПШr ЭСО 7ȝ-thick layer of this mixture is shown in Fig.1.  

 
Fig.1. Dispersion curve of the polarization plane rotation angle 

 

As seen, at 682nm the rotation angle of 90 degrees is reached. It means that, at this 

wavelength, the CLC layer is maximally transparent in crossed polarizers. The 180 degrees rotation is 

observed at 545nm. Thus, in cross polarizers,  the light transmission is close to zero. Such a dispersion 

curve of the optical rotation results is an interesting form of the transmission spectrum between 

crossed polarizers (Fig.2). Using different filters, any part of the shown spectrum can be highlighted 

for subsequent monitoring of the photoinduced changes. Further we used a yellow-red filter to observe 

the 682nm peak shift. 
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Fig.2. Transmission spectrum of the layer between crossed polarizers 

 

The CLC mixture is sensitive to UV radiation. Under exposure to UV, a change in the rotation 

angle and hence in the transmission spectrum is observed (Fig.3,a).We used a mercury lamp with a 

UV filter as a light source. The exposure intensity was 0.5mW/cm
2
. 

 

 

Fig.3. Transmission spectrum change (a) and transmission maximum wavelength shift (b)  

under exposure to UV 

a 

b 
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It can be seen that the wavelength of the transmission maximum shifted from 682 nm to                    

510 nm (Fig.3,b). Further exposure leads to the phase transition from the CLC to the isotropic liquid. 

It should be noted that all photoinduced transformations in this mixture are reversible. The reverse 

process occurs with exposure to the blue range or with heating the material. 

TСЮs, ТЭ аКs sСШаЧ ЭСКЭ, ТЧ ЭСО 7ȝ-thick optically active CLC layer, the photoinduced 

modulation of optical activity results in a significant shift of the maximum transmittance wavelength 

between crossed polarizers. 
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ɊȿɁɘɆȿ.  

ɈɉɌɂɑȿɋɄɈȿ ɍɉɊȺȼɅȿɇɂȿ ɋɉȿɄɌɊɈɆ ɉɊɈɉɍɋɄȺɇɂə ɋɅɈə ɈɉɌɂɑȿɋɄɂ 

ȺɄɌɂȼɇɈȽɈ ɀɂȾɄɈȽɈ ɄɊɂɋɌȺɅɅȺ 

ɉɨɧɞɠɚɜɢɞɡɟ ɇ.Ɍ., Ȼɨɪɬɨɥɨɰɰɨ ɍ., Ɋɟɡɢɞɨɪɢ ɋ., ɑɚɧɢɲɜɢɥɢ Ⱥ.Ƚ., ɑɢɥɚɹ Ƚ.ɋ., ɉɟɬɪɢɚɲɜɢɥɢ Ƚ.ɒ. 
ɂɧɫɬɢɬɭɬ ɧɟɥɢɧɟɣɧɨɣ ɨɩɬɢɤɢ, ɇɢɰɰɚ, Ɏɪɚɧɰɢɹ 

ɂɧɫɬɢɬɭɬ ɤɢɛɟɪɧɟɬɢɤɢ Ƚɪɭɡɢɧɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
ɂɡɭɱɟɧ ɫɥɨɣ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɬɨɥɳɢɧɨɣ ɜ ɧɟɫɤɨɥɶɤɨ 
ɦɢɤɪɨɧ, ɨɛɥɚɞɚɸɳɟɝɨ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɜɟɥɢɱɢɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɨɥɭɱɟɧɨ ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɨɟ 
ɢɡɦɟɧɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɨɛɭɫɥɨɜɢɜɲɟɟ ɡɧɚɱɢɬɟɥɶɧɵɣ ɫɞɜɢɝ ɫɩɟɤɬɪɚ ɩɪɨɩɭɫɚɧɢɹ ɫɥɨɹ ɜ 
ɫɤɪɟɳɺɧɧɵɯ ɩɨɥɹɪɨɢɞɚɯ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɩɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɯɨɥɟɫɬɟɪɢɱɟɫɤɢɣ ɠɢɞɤɢɣ ɤɪɢɫɬɚɥɥ, ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, 
ɨɩɬɢɱɟɫɤɚɹ ɡɚɩɢɫɶ ɢɧɮɨɪɦɚɰɢɢ. 
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ɄɊɂɋɌȺɅɂɑȿɋɄȺə ɋɌɊɍɄɌɍɊȺ [Mg(OH2)6](NH4)2(SO4)2 

 

Ɂɚɡɚɲɜɢɥɢ ɋ.Ɋ., Ȼɟɪɢɞɡɟ Ʌ.Ⱥ., Ɇɢɦɢɧɨɲɜɢɥɢ Ʉ.ɗ. 
 

Ƚɪɭɡɢɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɍɛɢɥɢɫɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 
                      ɋɬɚɬɶɹ ɩɨɫɜɜɹɳɚɟɬɫɹ ɫɜɟɬɥɨɣ ɩɚɦɹɬɢ  Э.Ȼ. Ɇɢɦɢɧɨɲɜɢɥɢ: 
                                                              ɢɡɥɨɠɟɧɵ  ɢɬɨɝɢ ɧɚɱɚɬɵɯ ɢɦ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

ɋɬɪɭɤɬɭɪɵ ɫɨɟɞɢɧɟɧɢɣ ɫ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ  ДM(OH2)6](NH4)2(SO4)2, (ɝɞɟ M=Mg, V, Fe, 

Co, Ni, Cu, Zn, Cd ), ɛɵɥɢ ɢɡɭɱɟɧɵ ɟɳɟ  ɜ ɲɟɫɬɢɞɟɫɹɬɵɯ ɝɨɞɚɯ ɞɜɚɞɰɚɬɨɝɨ ɜɟɤɚ ɢɡ-ɡɚ 
ɩɨɹɜɢɜɲɟɝɨɫɹ ɢɧɬɟɪɟɫɚ ɤ ɧɢɦ Д1-5Ж. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɢɦɟɥɢ ɞɟɥɨ ɫ ɚɞɭɤɬɨɦ 
[M(OH2)6](SO4)∙(NH4)2(SO4).  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɚ 
[Mg(OH2)6](NH4)2(SO4)β. ɋɬɪɭɤɬɭɪɚ ɜɩɟɪɜɵɟ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɜ 1λ64 ɝ. ɫ ɞɨɜɨɥɶɧɨ ɧɢɡɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɝɨɞɧɹɲɧɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ.  Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɩɚɪɚɦɟɬɪɵ  
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢμ  a = λ,γ8γ±0,015, b=1β,66λ±0,0β, c=6,66λ±0,005;  ȕ=107º0γ’±6’

.
   ȼ  P21/c 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ β1  ɜɢɧɬɨɜɚɹ ɨɫɶ ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ  ɨɫɢ  y (b), ɩɨɷɬɨɦɭ ɜɡɚɢɦɨɡɚɦɟɧɚ ɚ 
ɢ ɫ ɩɚɪɚɦɟɬɪɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɯ ɢ z ɤɨɨɪɞɢɧɚɬ ɧɢɱɟɝɨ ɧɟ ɦɟɧɹɟɬ ɜ ɫɬɪɨɟɧɢɢ ɢ ɝɟɨɦɟɬɪɢɢ 
ɫɬɪɭɤɬɭɪɵ Д1Ж.  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɧɚɦɢ ɩɪɨɜɟɞɟɧ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɦɨɝɥɢ ɨɫɭɳɟɫɬɜɢɬɶ  ɩɪɟɰɢɡɢɨɧɧɨɟ ɢɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ . ɉɨɫɥɟɞɧɹɹ ɭɬɨɱɧɟɧɚ 
ɞɨ R=0,0β67. Ɂɧɚɱɟɧɢɹ ɭɝɥɨɜɵɯ ɢ ɥɢɧɟɣɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɚɧɨɜɥɟɧɵ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ.  

Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. ȼɚɥɨɜɵɣ ɫɨɫɬɚɜ H20N2MgO14S2, ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ                

Mr= γ60,601; ɫɢɧɝɨɧɢɹ ɦɨɧɨɤɥɢɧɧɚɹ, ɚ=6,β4β(1)й, b=1β,475(β)й, ɫ=λ,β51(7)й, =107,07(γ)º, 
V=688,65(5)й3

, T =153(2)K, ɩɪ. ɝɪ. P21/c, Z=2; Dɜɵɱ=1,7γ8ɝ/ɫɦ3
, (ɆɨɄα)=0,γ4ɦɦ-1. Ɇɟɬɨɞ ɫɴɟɦ-

ɤɢ /2-ɫɤɚɧɢɪɨɜɚɧɢɟ ( = 1,45–38,57
ɨ, γ7γ1 ɨɬɪɚɠɟɧɢɹ ɢɡɦɟɪɟɧɵ ɜ ɩɨɥɧɨɣ ɫɮɟɪɟ ɨɬɪɚɠɟɧɢɣ, 

γ5λ4 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ). Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ R(F) = 0,0β67 ɩɨɥɭɱɟɧɨ ɞɥɹ  3121 

ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ ɫ I>2(I). Ɇɨɞɟɥɶ ɫɬɪɭɤɬɭɪɵ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɨɩɪɟɞɟɥɟɧɚ 
ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɩɨɥɨɠɟɧɢɹ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɧɚɣɞɟɧɵ ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟ-

ɡɚ. ɍɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɪɨɜɟɞɟɧɨ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 
ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɢ   ɜ ɢɡɨɬɪɨɩɧɨɦ - ɞɥɹ ɚɬɨɦɨɜ ɇ.  

ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɨɬɪɚɠɟɧɢɣ ɨɬ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɤɨɦɩɥɟɤɫɚ 
[Mg(OH2)6](NH4)2(SO4)2 ɛɵɥ ɢɡɦɟɪɟɧ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (з 15γ K) ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ 
Bruker AXS SMART CCD, ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɦ ɜ Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɐɟɧɬɪɟ ɍɧɢɜɟɪɫɢɬɟɬɚ 
Ɂɚɩɚɞɧɨɣ Ⱥɜɫɬɪɚɥɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ 
(MoK , λ = 0,7107γ й). ȼ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɨɜɚɧ ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ SHELXL97 [6]. Ʉɨɨɪɞɢɧɚɬɵ 
ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɮɚɤɬɨɪɵ Ueq ɢ Uɇ  ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɧɭɦɟɪɚɰɢɹ ɚɬɨɦɨɜ 

ɧɟɡɚɜɢɫɢɦɨɣ ɱɚɫɬɢ ɫɬɪɭɤɬɭɪɵ [Mg(OH2)6](NH4)2(SO4)2  ɧɚ ɪɢɫ.1, ɚ ɥɢɧɟɣɧɵɟ ɢ ɭɝɥɨɜɵɟ 
ɩɚɪɚɦɟɬɪɵ ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 
 

Ɍɚɛɥɢɰɚ 1. Ʉɨɨɪɞɢɧɚɬɵ (10
4 ɞɥɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɢ 10

3
 ɞɥɹ ɚɬɨɦɨɜ ɇ) ɢ ɬɟɩɥɨɜɵɟ ɮɚɤɬɨɪɵ 

ɚɬɨɦɨɜ (й210
3) ɜ ɫɬɪɭɤɬɭɪɟ  

Ⱥɬɨɦ x y z Ueq Ⱥɬɨɦ x y z UH 

Mg 0 5000 5000 11,51(7) H(11) 109(2) 381(1) 736(2) 27(3) 

O(1w) 1655(1) 3957,6(5) 6721,1(7) 16,1(1) H(12) 296(3) 408(1) 714(1) 32(4) 

O(2w) 2968(1) 5688,2(5) 4975,2(7) 15,5(1) H(22) 323(2) 629(1) 522(1) 23(3) 

O(3w) 302(1) 3883,7(5) 3409,1(7) 16,2(1) H(21) 343(3) 563(1) 431(2) 48(5) 

O(4w) 5353(1) -5,2(6) 878,5(4) 17,9(2) H(31) -37(2) 401(1) 250(2) 32(4) 

S 2614,2(3) 6347,6(1) 915,7(2) 12,15(5) H(32) 7(2) 327(1) 357(2) 28(3) 

O(1) 2130(1) 5742,2(6) -500,0(7) 23,0(1) H(1N) 440(3) 337(1) 79(2) 34(4) 

O(2) 4131(1) 7258,1(5) 877,3(7) 18,7(1) H(2N) 222(3) 336(1) 72(2) 38(4) 

O(3) 513,0(9) 6762,1(5) 1151,2(7) 17,1(1) H(3N) 366(2) 411(1) 163(2) 25(3) 

O(4) 3777,8(9) 5638,2(5) 2194,7(6) 15,5(1) H(4N) 382(2) 304(1) 208(2) 26(3) 

N 3567(1) 3451,2(6) 1336,9(8) 17,9(1)      
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Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɵ. ɋɬɪɭɤɬɭɪɚ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɬɢɩɭ ɢɨɧ-

ɧɵɯ. ȼ ɫɨɟɞɢɧɟɧɢɢ ɧɟɡɚɜɢɫɢɦɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɟɞɢɧɢɰɚ ɫɨɞɟɪɠɢɬμ ɤɨɦɩɥɟɤɫɧɵɣ ɝɟɤɫɚɚɤɜɚɤɚɬɢɨɧ 
[Mg(OH2)6]

2+, ɞɜɚ ɤɚɬɢɨɧɚ ɚɦɦɨɧɢɹ ɢ ɞɜɚ ɫɭɥɶɮɚɬ-ɚɧɢɨɧa  (ɪɢɫ.1). 
Ʉɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɦɚɝɧɢɹ ɪɚɜɧɨ ɲɟɫɬɢ ɢ ɩɨɥɢɷɞɪ ɧɢɤɟɥɹ - ɫɥɟɝɤɚ ɢɫɤɚɠɟɧɧɵɣ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɣ ɨɤɬɚɷɞɪ. Ɍɚɤ ɤɚɤ ɚɬɨɦ ɦɚɝɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɟ ɫɢɦɦɟɬɪɢɢ, ɩɨɥɢɷɞɪ ɩɨ-

ɥɭɱɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɪɟɯ ɧɟɡɚɜɢɫɢɦɵɯ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɦɨɥɟɤɭɥ ɜɨɞɵ. ȼ ɤɨɦɩɥɟɤɫɟ ɧɚɣɞɟɧɵ 
ɞɥɢɧɵ ɫɜɹɡɟɣμ Mg - O(H2O) 2,048(2); 2,079(3); 2,080(3)й, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɨɨɪɞɢɧɚɰɢɸ ɚɬɨɦɚ 
Mg(II) ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ, ɫɪɚɜɧɢɦɵɟ ɫ ɝɟɨɦɟɬɪɢɟɣ, ɧɚɣɞɟɧɧɨɣ ɤɚɤ ɧɚɦɢ Mg-O(H2O) 2,033(2)-

2,094(4)й Д7Ж, ɬɚɤ ɢ ɞɪɭɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɞɥɹ ɚɤɜɚɤɨɦɩɥɟɤɫɚ ɦɚɝɧɢɹ [8].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Ɋɢɫ.1. ɇɭɦɟɪɚɰɢɹ ɚɬɨɦɨɜ ɜ ɫɬɪɭɤɬɭɪɟ 

 

 

ɋɭɥɶɮɚɬ-ɚɧɢɨɧ ɢ ɤɚɬɢɨɧ ɚɦɦɨɧɢɹ ɢɦɟɸɬ ɬɪɚɞɢɰɢɨɧɧɭɸ ɬɟɬɪɚɷɞɪɢɱɟɫɤɭɸ 
ɤɨɧɮɢɝɭɪɚɰɢɸ. ȼ ɫɭɥɶɮɚɬ-ɚɧɢɨɧɟ ɜɚɥɟɧɬɧɵɟ ɥɢɧɟɣɧɵɟ ɢ ɭɝɥɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɜ ɩɪɟɞɟɥɚɯ 
ɩɨɝɪɟɲɧɨɫɬɢ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɬɟɦɢ ɠɟ ɜɚɥɟɧɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜ ɫɨɟɞɢɧɟɧɢɢ  

[Ni(OH2)6](NH4)2(SO4)2 [5].   

 

Ɍɚɛɥɢɰɚ 2. Ɇɟɠɚɬɨɦɧɵɟ ɪɚɫɫɬɨɹɧɢɹ d, й ɢ ɭɝɥɵ , ɝɪɚɞ. ɜ ɫɬɪɭɤɬɭɪɟ 

ɋɜɹɡɶ d ɍɝɨɥ  

Mg-O(1w) 2,080(3) O(1w)-Mg-O(2w) 91,3(1) 

Mg-O(2w) 2,048(2) O(1w)-Mg-O(3w) 89,8(2) 

Mg-O(3w) 2,079(3) O(2w)-Mg-O(3w) 90,1(1) 

S-O(1) 1,464(3) O(1)-S-O(2) 109,8(2) 

S-O(2) 1,486(3) O(1)-S-O(3) 110,6(2) 

S-O(3) 1,484(2) O(1)-S-O(4) 109,2(3) 

S-O(4) 1,485(3) O(2)-S-O(3) 109,5(3) 

N-H(1N) 0,828(4) 

0,872(4) 

0,866(4) 

0,832(4) 

O(2)-S-O(4) 

O(3)-S-O(4) 

H(1N)-N-H(2N) 

H(1N)-N-H(3N) 

H(1N)-N-H(4N) 

H(2N)-N-H(3N) 

H(2N)-N-H(4N) 

H(3N)-N-H(4N) 

107,9(2) 

N-H(2N) 109,7(2) 

N-N(3N) 

N-H(4N) 

104,2(7) 

108,1(7) 

115,1(7) 

106,6(7) 

111,9(7) 

110,5(7) 

 

 

ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɧɚɪɭɠɟɧɚ ɩɪɨɱɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɫɢɫɬɟɦɚ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɬɢɩɚ OH…O ɢ 
NH…O, ɢɡ ɤɨɬɨɪɵɯ ɱɟɬɵɪɟ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɦɟɠɞɭ (SO4)

2-
 ɚɧɢɨɧɨɦ ɢ ɚɤɜɚɤɨɦɩɥɟɤɫɨɦ, ɚ ɨɞɢɧ - 

ɦɟɠɞɭ ɢɨɧɚɦɢ (SO4)
2- ɢ (NH4)

+
.  

ɉɚɪɚɦɟɬɪɵ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɪɟɚɥɶɧɨɫɬɶ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. γ. 
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Ɍɚɛɥɢɰɚ 3. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɜ ɫɬɪɭɤɬɭɪɟ 

 D-H...A  d (D-H) / й d (H...A) / й d (D...A) / й (DHA) / ° 

N-H(3N)...O(4) 

O(2w)-H(21)...O(4) 

O(1w)-H(11)...O(3)
1
 

O(3w)-H(32)...O(3)
2
 

O(2w)-H(22)...O(2)
3
 

0,866(4) 

0,758(5) 

0,794(4) 

0,800(4) 

0,792(4) 

1,968(4) 

2,030(5) 

2,053(4) 

1,951(4) 

1,936(4) 

2,834(4) 

2,764(3) 

2,842(2) 

2,749(3) 

2,726(3) 

177,2(6) 

163,0(8) 

172,2(7) 

176,0(7) 

175,0(7) 

Ɉɩɟɪɚɬɨɪɵ ɫɢɦɦɟɬɪɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɝɟɧɟɪɚɰɢɢ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨɥɨɠɟɧɢɣ ɚɬɨɦɨɜ: 
1
 -x, -y+1,-z+1;  

2 
-x,y-1/2, -z+1/2;  

3
x, -y+3/2,z+1/2.. 

 

 
ɪɢɫ.2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ 
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SUMMARY 

CRYSTAL STRUCTURE OF [Mg(OH2)6](NH4)2(SO4)2 

Zazashvili S. R., Beridze L.A. and  Miminoshvili K.E.  

Georgian Technical University 

Tbilisi State Medical University 

There was studied the structure of compound [Mg(OH2)6](NH4)2(SO4)2 (a = 6,7426(5); b = 16,053(1);                        

c = βγ,0λ5(β) й; ȕ  = λ7,787(β)º; T = 153K, P21/n, Z = 2, R(F) = 0,0267,). The compound is formed of cations: 

[Mg(OH2)6]
2+

, two - (NH)
+
 and two anions (SO4)

2-
.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: X-ray structure analysis, complex compounds, magnesium, sulphate, ammonium.   

http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Witkowska,%20A.M.
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DETERMINATION OF THE SHARE OF THE ELECTRIC QUADRUPLE ADMIXTURE 

FOR THE 
169

Tm 93.61 keV –TRANSITION 

 

Metskhvarishvili M.R., Razmadze T.O., Kvirikashvili M.G., Baramidze K.K.,   

Beridze M.G. and Shogiradze M.Kh. 

 

Georgian Technical University 

 
Abstract. The results of investigation of the internal conversion electron spectrum of the

169
Tm 93.61 keV                  

-transition are presented. A magnetic prism beta spectrometer with 0.04% resolution was used for the 

measurements. The forms of  , ,I II IIIL L L  conversion lines were studied, and the values of their expansion ratio 

were determined. From the determined internal conversion coefficients, the mean value of 2 
was calculated, 

2
=0.0340.003. The average value of the share of the electric quadruple admixture equal to a=(3.30.3)% was 

found, which corresponds to the +3.3%2 mixed -transition. 

Keywords: -transition, internal conversion coefficients, multipole.  

 

Introduction 

The ratios of internal conversion coefficients (ICC) and their absolute values of nuclei depend 

on the multipole of the respective nuclear transition. The dependence of ICC on the share of admixture 

 [1] for the -transition can be expressed by the equation  

        1 2
1i i i              (1) 

where 
i  is the absolute ICC; 

L

i is the electrical quadruple; 
L

i is the magnetic dipolar theoretical 

ICC on the corresponding   i-shells.  

 The share of admixture   is connected with  

1
2

L

L

N

N




  through the equation  

     

2

21




 


         (2) 

where  
 L

N  and 
 1L

N


 are the intensities of -irradiation of L  and 1L  multipoles during nuclear 

transitions.  

 For the mixed 1 2M E  transition for the  /K L  ratio, from (1) we get 

   
)2(2)1(

)2(2)1(

)2()1(

)2()1(

)1(

)1(

LL

KK

LL

KK

L

K















           (3) 

We have the same equations for  , ,I I

I II III

l lK

L L L
 etc. 

The quantity 
2 can be calculated by experimental absolute ICC [2] for  1ML M L   

      
exp2

1

exp

ML

er

E L

er

 


  





     (4) 

               

and for  1EL M L   mixed transition by equation 

      
exp2

1

exp

EL

er

M L

er

 


  





 

               (5) 

where  exper  is the value of experimental absolute ICC for the -transition of radioactive nuclei in the 

corresponding i-shells or subshells. The quantities 
ML and  

 1E L 
are the theoretical absolute ICC 

for the -transition of ML and E(L+1)multipoles, respectively.  

 If, from the experiment not absolute ICC of the -transition but ICC ratios are determined, then 
2 can be determined by the following formula [3]. 
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
 ,           (7)       

where  ,
ij

i ij

ik

R





  and 
ik  are the i-type absolute ICC of -irradiation on the j  and k  shells and 

subshells. 
exp

oj

er

ok

R



 are the experimental values of ICC ratios on the j  and k  shells and subshells. 

 

Measurements and Calculation Results 
 The 

169
Tm 93.61 keV energy -transition happens 

between the excited levels with quantum characteristics 

9

2


and 

7

2


 [4]. This indicates that the -transition 

represents mainly the mixtureof magnetic dipolar (M1) and 

electric quadruple (E2) multipolar transitions.  

The radioactive source represented a lutetium 

fraction containing 
169

Lu nuclei, educed by a chemical 

method from the tantalum target of the synchrotron 

irradiated with 600 meV energy protons in Dubna, Russia. 

The -decay period of 
169

Lu is T1/2=2 days, and it transits 

in 
169

Yb. The latter transits in 
169

Tm nuclei giving 93.61 

keV energy radiation. 

The measurement of the  
169

Tm conversion electron 

spectrum began after 1.5 months from the educing of the 

lutetium fraction. During this time, the intensity of lutetium 

radiation reduced significantly, and the intensity of 

radiation was mainly connected with the 
169

Tm  radiation. 

The  LI, LII, LIII conversion lines of the 
169

Tm  93.61 keV                    

-transition obtained with the help of the magnetic prism beta spectrometer [5, 6] are shown in the 

figure. As seems from the figure, all conversion lines are well divided, which gave the possibility to 

study their forms. The investigation showed that the lines have no same forms. The LIII -line has the 

minimal half-width (1402.5) eV, and the half-widths of LI and  LII  are (2701)eV and (2302)eV, 

respectively. The LI and LII lines broaden in respect to LIII by 130 and 90 eV, respectively (Table 1). 

The expansion of conversion lines can be explained by the influence ofthe energetic levels of natural 

widths of  L -subshells of the 
169

Tm atom on the conversion process. The observation of this process 

will be possible if, as a result of the improvement of the resolution of the spectrometer, the half-width 

of the conversion line will be equilized to the half-width of the natural excited level of the atom. 

 

Table 1. Half-widths of   LI, LII, LIII  conversion lines in eV for the 
169

Tm  93.613 keV -transition  

 

Nuclei Eγ, keV 
Conversion lines half-widths in eV 

LI LII LIII 
169

Tm  93.613 2701 2302 1402.5 

 

 

The ICC ratios of the 93.61keV -transition for LI, LII, LIII subshells obtained from the 

experimental results are given in Table 2. The theoretical data calculated from the tables of paper [7] 

are given in the same table. The values of 2
 and a determining the share of the admixture of                      

E2-multipole are also given. 
 

 

   169
Tm      L1 

    L1II 

     L1I 
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82      83     84      85    86  keV 

 
The LI, LII, LIII conversion lines of  

169
Tm  93.61 keV-transition 
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Table 2. Experimental and theoretical values of ICC for the 93.61 keV -transition, the 2
 values and 

shares of admixtures for E2 in per cents 

 

Nuclei Eγ, keV ICC ratio Experiment 
Theory  2   %  

M1 E2 

169
Tm  93.613 

LI / LII  5.50.2 11.010 0.113 0.039 3.7 

LIII / LI  0.480.03  0.143 1.042 0.030 2.9 

 

By using the data fromTable 2, the values of absolute ICC for the investigated -transition are 

given in Table 3.  

 

Table 3.  Experimental and theoretical values of absolute ICC for the
169

Tm 93.61 keV -transition on                  

LI, LII, LIII subshells 

 

Nuclei Eγ,  keV Absolute ICC Experiment 
Theory  

Multipole 
M1 E2 

169
Tm  93.613 

LI 0.425 0.436 0.116 

M1+3.3%E2 LII 0.077 0.0396 1.027 

LIII 0.037 0.00568 1.070 

 

The average value of 2
 determined from Table 2 is 2

=0.0340.003, and the average value of the 

share of the admixture for E2-multipole is a=(3.30.3)%, which corresponds to the compounds of 

multipoles from Table 3. 
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M shells, 10<Z<104. – Leningrad, Nuclear Physics Institute, 1978.  

 

ɊȿɁɘɆȿ 

ɈɉɊȿȾȿɅȿɇɂȿ  ȾɈɅɂ  ɗɅȿɄɌɊɂɑȿɋɄɈɃ ɄȼȺȾɊɍɉɈɅɖɇɈɃ  ɉɊɂɆȿɋɂ 169
Tm 93.61 Ʉɗȼ                     

γ-ɉȿɊȿɏɈȾȺ 

Ɇɟɰɯɜɚɪɢɲɜɢɥɢ Ɇ.Ɋ.,  Ɋɚɡɦɚɞɡɟ Ɍ.Ɉ.,  Ʉɜɢɪɢɤɚɲɜɢɥɢ Ɇ.Ƚ.,  Ȼɚɪɚɦɢɞɡɟ Ʉ.Ʉ.,  Ȼɟɪɢɞɡɟ Ɇ.Ƚ., 
ɒɨɝɢɪɚɞɡɟ Ɇ.ɏ. 
Ƚɪɭɡɢɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɟɤɬɪɚ ɷɥɟɤɬɪɨɧɨɜ ɜɧɭɬɪɟɧɧɟɣ ɤɨɧɜɟɪɫɢɢ 
169

Tm                    

λγ,61 ɤɷȼ γ-ɩɟɪɟɯɨɞɚ.  ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɦɚɝɧɢɬɧɨɝɨ ɩɪɢɡɦɟɧɧɨɝɨ ɛɟɬɚ ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ 
ɪɚɡɪɟɲɟɧɢɟɦ 0,04%. ɂɡɭɱɟɧɵ ɮɨɪɦɵ ɤɨɧɜɟɪɫɢɨɧɧɵɯ ɥɢɧɢɣ LI, LII, LIII ɢ ɨɩɪɟɞɟɥɟɧɚ ɜɟɥɢɱɢɧɚ ɢɯ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. ɋ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɧɵɯ  ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɜɟɪɫɢɢ ɪɚɫɫɱɢɬɚɧɨ ɫɪɟɞɧɟɟ 
ɡɪɚɱɟɧɢɟ δ2

, δ2=0,0γ±0,00γ. ɇɚɣɞɟɧɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɞɨɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɤɜɚɞɪɭɩɨɥɶɧɨɣ ɩɪɢɦɟɫɢ 
a=(3.30.3)%, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɦɟɫɧɨɦɭ ɩɟɪɟɯɨɞɭ +3,3%2. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: γ-ɩɟɪɟɯɨɞ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɧɭɬɪɟɧɧɟɣ ɤɨɧɜɟɪɫɢɢ, ɦɭɥɶɬɢɩɨɥɶ.   
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ɌȿɊɆɈɋɌɈɃɄȺə  ɄɈɆɉɈɁɂɐɂə ɇȺ ɈɋɇɈȼȿ  
ɉɈɅɂɇȺɎɌɈɂɅȿɇȻȿɇɁɂɆɂȾȺɁɈɅɈȼ 

 

Ɉɪɦɨɰɚɞɡɟ ɇ.ɒ., Ɇɟɫɯɢɲɜɢɥɢ Ɇ.Ɇ., Ȼɢɛɢɥɟɢɲɜɢɥɢ Ⱦ.ȼ. 

 

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ Ⱥɤɚɤɢɹ ɐɟɪɟɬɟɥɢ, Ʉɭɬɚɢɫɢ 

 Ƚɪɭɡɢɢɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

   

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɞɟɮɟɤɬɢɜɧɨɫɬɢ ɫɥɨɹ, ɫɧɹɬɢɟ ɜɭɚɥɢ 
ɩɪɢ ɬɪɚɜɥɟɧɢɢ ɩɨɥɢɦɟɪɧɨɝɨ ɥɚɤɚ ɢ ɩɨɜɵɲɟɧɢɟ ɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ ɯɪɚɧɟɧɢɢ. ɉɨɫɬɚɜɥɟɧɧɚɹ 
ɰɟɥɶ ɞɨɫɬɢɝɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɩɨɡɢɰɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɦɟɪɚ ɚɦɢɧɨɢɦɢɞɧɨɝɨ ɬɢɩɚ 
ɪɚɡɧɨɡɜɟɧɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɣ ɨ-ɚɦɢɧɨɮɟɧɢɥɧɚɮɬɚɥɢɦɢɞɧɵɟ ɢ ɧɚɮɬɨɢɥɟɧɛɟɧɡɢɦɢ-

ɞɚɡɨɥɶɧɵɟ ɮɪɚɝɦɟɧɬɵ ɫ ɛɥɨɤɢɪɨɜɚɧɧɵɦɢ ɤɨɧɰɟɜɵɦɢ ɚɧɝɢɞɪɢɞɧɵɦɢ ɝɪɭɩɩɚɦɢ. Ɋɚɡɪɚɛɨɬɚɧ  
ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɪɟɫɫɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɧɚɮɬɨɢɥɟɧɛɟɧɡɢɦɢɞɚɡɨɥɨɜ (ɉɇȻɂ) 
ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ. 

ɂɫɩɨɥɶɡɭɟɦɵɣ ɩɨɥɢɦɟɪ ɩɨɥɭɱɚɟɬɫɹ ɪɟɚɤɰɢɟɣ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɞɢɚɧɝɢɞɪɢɞɚ ɧɚɮɬɚɥɢɧ-

1,4,5,8-ɬɟɬɪɚɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ γ,γI
,4,4

I
-ɬɟɬɪɚɚɦɢɧɨɞɢɮɟɧɢɥɨɤɫɢɞɚ ɜ ɚɦɢɞɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ – ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. ɋɢɧɬɟɡ ɮɨɪɩɨɥɢɦɟɪɚ ɩɨɥɢ(ɨ-ɚɦɢ-

ɧɨ)ɮɟɧɢɥɧɚɮɬɚɥɢɦɢɞɚ (ɉɇȻɂ) ɩɪɨɜɨɞɢɥɢ ɩɨɫɬɚɞɢɣɧɵɦ ɦɟɬɨɞɨɦ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ. ȼ ɨɛɪɚɡɭɸɳɟ-

ɦɫɹ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɪɟɚɤɰɢɢ ɩɨɥɢД(ɨ-ɚɦɢɧɨ)ɮɟɧɢɥ-ɩɟɪɢ-ɤɚɪɛɨɤɫɢЖɚɦɢɞɟ ɥɟɝɤɨ ɡɚɦɵɤɚɟɬɫɹ 
ɲɟɫɬɢɱɥɟɧɧɵɣ ɢɦɢɞɧɵɣ ɰɢɤɥ ɢ ɨɛɪɚɡɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɬɚɛɢɥɶɧɵɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɨɥɢ(ɨ-ɚɦɢɧɨ)ɮɟɧɢɥɧɚɮɬɚɥɢɦɢɞ. ɉɨɫɥɟɞɧɢɣ ɫɨɞɟɪɠɢɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɭɞɨɛɧɨ ɪɚɫɩɨɥɨ-

ɠɟɧɧɵɟ ɨ-ɚɦɢɧɨɝɪɭɩɩɵ, ɫɩɨɫɨɛɧɵɟ ɫ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɩɨ ɫɨɫɟɞɫɬɜɭ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ 
ɡɚɦɵɤɚɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɜɵɝɨɞɧɵɣ ɲɟɫɬɢɱɥɟɧɧɵɣ ɰɢɤɥ, ɨɛɪɚɡɭɹ ɧɚɮɬɨɢɥɟɧɛɟɧɡɢɦɢɞɚɡɨɥɶɧɭɸ 
ɫɬɪɭɤɬɭɪɭ (ɫɯɟɦɚ 1).   
 

 

 

 

                                                             ɉɇȻɂ               
         

 

 

 

 

 

 

Ɉɞɧɢɦ ɢɡ ɭɡɤɢɯ  ɦɟɫɬ ɜ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɢɦɟɪɨɜ ɬɚɤɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ 
ɦɚɥɵɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 
ɪɟɚɤɰɢɢ ɜ ɩɨɥɢɦɟɪɟ ɨɫɬɚɸɬɫɹ ɫɜɨɛɨɞɧɵɟ ɚɧɝɢɞɪɢɞɧɵɟ ɝɪɭɩɩɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɪɟɚɝɢɪɨɜɚɬɶ ɫ 
ɚɦɢɧɨɝɪɭɩɩɚɦɢ (ɨ-ɚɦɢɧɨ)ɮɟɧɢɥɧɚɮɬɚɥɢɦɢɞɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɨɛɪɚɡɭɹ ɫɲɢɬɵɟ ɧɟɪɚɫɬɜɨɪɢɦɵɟ 
ɫɢɫɬɟɦɵ. ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɛɥɨɤɢɪɨɜɚɬɶ ɷɬɢ ɫɜɨɛɨɞɧɵɟ ɚɧɝɢɞɪɢɞɧɵɟ ɝɪɭɩɩɵ, ɜɜɨɞɹ ɜ 
ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ ɢɥɢ ɥɸɛɨɝɨ ɚɦɢɧɚ ɫ ɨ-ɪɚɫ-

ɩɨɥɨɠɟɧɧɵɦɢ ɚɦɢɧɨɝɪɭɩɩɚɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɞɚɧɧɵɣ ɩɨɥɢɦɟɪɧɵɣ ɪɚɫɬɜɨɪ ɦɵ ɜɜɨɞɢɥɢ 
3,3

I
,4,4

I
-ɬɟɬɪɚɚɦɢɧɨɞɢɮɟɧɢɥɨɤɫɢɞ. ɉɪɢ ɪɚɫɱɟɬɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɜɨɞɢɦɨɝɨ ɨ-ɚɦɢɧɚ 

ɭɱɢɬɵɜɚɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ ɫɜɨɛɨɞɧɵɯ ɚɧɝɢɞɪɢɞɧɵɯ ɝɪɭɩɩ, ɤɨɬɨɪɨɟ ɩɪɢɧɢɦɚɥɨɫɶ ɪɚɜɧɵɦ 
ɤɨɥɢɱɟɫɬɜɭ ɫɜɨɛɨɞɧɵɯ ɚɦɢɧɨɝɪɭɩɩ. ɋɨɞɟɪɠɚɧɢɟ ɫɜɨɛɨɞɧɵɯ ɚɦɢɧɨɝɪɭɩɩ ɨɩɪɟɞɟɥɹɥɨɫɶ 
ɚɧɚɥɨɝɢɱɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɪɟɚɤɰɢɟɣ ɫ ɩ-ɞɢɦɟɬɢɥ-ɚɦɢɧɨɛɟɧɡɚɥɶɞɟɝɢɞɨɦ ɢ ɩɨɫɥɟɞɭɸɳɢɦ 
ɨɩɪɟɞɟɥɟɧɢɟɦ  ɤɨɥɢɱɟɫɬɜɚ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɜɟɳɟɫɬɜɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. Ʉɚɤ 
ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. 1, ɛɥɨɤɢɪɨɜɚɧɢɟ ɤɨɧɰɟɜɵɯ ɚɧɝɢɞɪɢɞɧɵɯ ɝɪɭɩɩ ɪɟɡɤɨ ɭɜɟɥɢɱɢɥɨ ɫɪɨɤɢ 
ɯɪɚɧɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɩɪɢɱɟɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɩɨɥɢɦɟɪɧɵɯ 
ɩɥɟɧɨɤ ɩɪɢ ɷɬɨɦ ɧɟ ɦɟɧɹɟɬɫɹ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɧɰɟɜɵɯ ɚɧɝɢɞɪɢɞɧɵɯ ɝɪɭɩɩ ɜ 
ɩɨɥɢɦɟɪɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 10-3  ɝ/ɦɨɥɶ ɧɚ ɝɪɚɦɦ ɫɭɯɨɝɨ ɩɨɥɢɦɟɪɚ. Ⱦɥɹ ɫɜɹɡɵɜɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɞɨɛɚɜɥɹɥɨɫɶ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨ-ɞɢɚɦɢɧɚ 5

.
10

-3 ɝ/ɦɨɥɶ. ɂɡɛɵɬɨɤ ɭɞɚɥɹɥɢ ɢɡ 
ɩɨɥɢɦɟɪɚ ɩɪɢ ɜɵɫɚɠɢɜɚɧɢɢ ɢ ɷɤɫɬɪɚɤɰɢɢ. 

-2nH2O 
-2nH2O 
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Ɍɚɛɥɢɰɚ 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɨɤɚ ɯɪɚɧɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɫɚɠɞɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ ɜ                      
N-ɦɟɬɢɥ-2-ɩɢɪɨɥɢɞɨɧɟ (N-Ɇɉ) ɨɬ ɤɨɥɢɱɟɫɬɜɚ 3,3I

,4,4
I
-ɬɟɬɪɚɚɦɢɧɨɞɢɮɟɧɢɥɨɤɫɢɞɚ (ɌȺȾɎɈ), 

ɜɜɟɞɟɧɧɨɝɨ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ ɤɨɧɰɟɜɵɯ ɚɧɝɢɞɪɢɞɧɵɯ ɝɪɭɩɩ 

Ʉ
ɨɥ

ɢɱ
ɟɫ

ɬɜ
ɨ 

ɚɧ
ɝɢ

ɞɪ
ɢɞ

ɧɵ
ɯ 

ɝɪ
ɭɩ

ɩ 
ɜ 

ɝ-
ɦɨ

ɥɶ
 ɧ

ɚ 
ɝ-

ɦɨ
ɥ 

ɩɨ
ɥɢ

ɦɟ
ɪɚ

 

Ʉ
ɨɥ

ɢɱ
ɟɫ

ɬɜ
ɨ 

ɜɜ
ɟɞ

ɟɧ
ɧɨ

ɝɨ
 

ɌȺ
Ⱦ

Ɏ
Ɉ

   
 ɝ

-ɦ
ɨɥ

ɶ 

ȼ
ɪɟ

ɦɹ
 ɪ

ɟɚ
ɤɰ

ɢɢ
, ɱ

ɚɫ
 

Ɍɟ
ɦɩ

ɟɪ
ɚɬ

ɭɪ
ɚ 

0
ɋ

 

ɋ
ɪɨ

ɤ 
ɯɪ

ɚɧ
ɟɧ

ɢɹ
 ɫ

ɭɬ
ɤɢ

 

ɉɪɢɦɟɱɚɧɢɟ 

1 
.
10
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ɦɟɧɶɲɟ 
1 

Ɉɛɪɚɡɭɟɬɫɹ ɝɟɥɟ-ɨɛɪɚɡɧɚɹ ɧɟɬɟɤɭɱɚɹ ɦɚɫɫɚ, ɧɟɪɚɫɬɜɨɪɢɦɚɹ ɜ 
ɚɦɢɞɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ 
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.
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.
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-3 
3 60 2 Ɋɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ, ɜɹɡɤɨɫɬɶ ɜɨ ɜɪɟɦɟɧɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
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 3 60 5 Ɋɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ, ɜɹɡɤɨɫɬɶ ɜɨ ɜɪɟɦɟɧɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
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.
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-3
 3 60 20 Ɋɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ, ɩɨɫɬɨɹɧɧɨɣ ɜɹɡɤɨɫɬɢ 
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.
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-3
 3 60 25-30 Ɋɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ, ɩɨɫɬɨɹɧɧɨɣ ɜɹɡɤɨɫɬɢ 

2 
.
10

-3
 5

. 
10

-3
 3 60 25-30 Ɋɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ, ɩɨɫɬɨɹɧɧɨɣ ɜɹɡɤɨɫɬɢ 

 
        Ɉɬɥɢɱɢɬɟɥɶɧɵɦ ɩɪɢɡɧɚɤɨɦ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ (ɨ-ɚɦɢɧɨ)-ɮɟɧɢɥɧɚɮɬɚ-
ɥɢɦɢɞɧɵɟ ɢ ɧɚɮɬɨɢɥɟɧɛɟɧɡɢɦɢɞɚɡɨɥɶɧɵɟ ɮɪɚɝɦɟɧɬɵ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɢɫɩɨɥɶɡɭɟɦɨɦ 
ɩɨɥɢɦɟɪɟ ɜ ɫɨɨɬɧɨɲɟɧɢɢ ɨɬ 10-λ0 ɞɨ β5-75 ɦɚɫɫ % ɢ ɞɥɹ ɛɥɨɤɢɪɨɜɚɧɢɹ ɤɨɧɰɟɜɵɯ ɚɧɝɢɞɪɢɞɧɵɯ 
ɝɪɭɩɩ ɢɫɩɨɥɶɡɭɸɬ ɚɪɨɦɚɬɢɱɟɫɤɢɣ ɨ-ɞɢɚɦɢɧ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ, ɧɚɪɹɞɭ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɩɨɥɭɱɟɧɢɹ ɉɇȻɂ – ɩɨɫɬɚɞɢɣɧɵɦ 
ɫɢɧɬɟɡɨɦ ɢ ɨɞɧɨɫɬɚɞɢɣɧɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɥɢɰɢɤɥɨɤɨɧɞɟɧɫɚɰɢɟɣ ɜ ɪɚɫɬɜɨɪɟ,  
ɩɪɟɞɩɪɢɧɢɦɚɥɢɫɶ ɩɨɩɵɬɤɢ ɫɢɧɬɟɡɚ ɉɇȻɂ ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɰɢɤɥɨɤɨɧɞɟɧɫɚɰɢɢ Д1,βЖ. 
Ɉɞɧɚɤɨ, ɢɦɟɸɳɢɟɫɹ ɜ ɧɚɭɱɧɨɣ ɩɟɪɢɨɞɢɤɟ ɫɜɟɞɟɧɢɹ ɧɨɫɹɬ ɥɢɲɶ ɢɧɮɨɪɦɚɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ. 

ɉɇȻɂ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɚ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɡɦɹɝɱɟɧɢɹ ɥɟɠɚɬ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɧɚɱɚɥɚ ɞɟɫɬɪɭɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ; ɩɟɪɟɪɚɛɨɬɤɚ 
ɢɯ ɜ ɬɚɤɢɟ ɢɡɞɟɥɢɹ, ɤɚɤ ɧɚɩɨɥɧɟɧɧɵɟ ɩɪɟɫɫɤɨɦɩɨɡɢɰɢɢ ɢ ɩɪɟɫɫɦɚɬɟɪɢɚɥɵ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɷɬɢɯ ɩɨɥɢɦɟɪɨɜ, ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɨɫɨɛɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ. ȼ ɫɜɹɡɢ 
ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɚɤɬɭɚɥɶɧɵɦ ɨɰɟɧɢɬɶ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ 
ɉɇȻɂ, ɤɨɬɨɪɚɹ ɛɚɡɢɪɨɜɚɥɚɫɶ ɛɵ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɢɧɰɢɩɚ «ɪɟɚɤɰɢɨɧɧɨɝɨ» ɮɨɪɦɨɜɚɧɢɹ, ɤɚɤ 
ɦɟɬɨɞɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɢɯ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɫɬɢ. 

Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɩɪɟɫɫɦɚ-
ɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɉɇȻɂ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ, ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɫɬɚɞɢɣɧɵɣ ɩɪɨɰɟɫɫ, ɜɤɥɸɱɚɸɳɢɣ ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢμ ɫɢɧɬɟɡ ɨɥɢɝɨɦɟɪɨɜ ɉɇȻɂ ɫ ɤɨɧɰɟɜɵɦɢ 
ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɦɢ ɝɪɭɩɩɚɦɢ ɩɪɢ Ɍɪɟɚɤɰ.<Tɩɥ. Ɍɟɬɪɚɚɦɢɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ – I ɫɬɚɞɢɹ, 
ɮɨɪɦɨɜɚɧɢɟ ɢɡɞɟɥɢɣ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɪɚɡɦɹɝɱɟɧɢɹ ɨɝɥɢɝɨɦɟɪɧɵɯ ɡɚɝɨɬɨɜɨɤ, 
ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ, ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɬɟɪɦɨɩɪɟɫɫɨɜɚɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɝɪɚɦɦɢ-
ɪɨɜɚɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɪɟɚɥɢɡɚɰɢɸ ɬɟɪɦɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 
ɤɨɧɰɟɜɵɯ ɝɪɭɩɩ ɨɥɢɝɨɦɟɪɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ. 

ɇɚɦ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɧɚɩɨɥɧɟɧɧɵɯ ɩɪɟɫɫɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɉɇȻɂ. ɋɭɬɶ ɩɪɟɞɥɨɠɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ 
ɫɨɫɬɨɹɥɚ  ɜ ɩɪɨɜɟɞɟɧɢɢ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ – ɉɇȻɂ – ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɣ 
ɩɨɥɢɰɢɤɥɨɤɨɧɞɟɧɫɚɰɢɢ ɛɢɫ(ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɜ) ɫ ɛɢɫ(ɧɚɮɬɚɥɟɜɵɦɢ ɞɢɚɧɝɢɞɪɢɞɚɦɢ) ɜ ɤɨɦ-
ɩɨɡɢɰɢɨɧɧɨ-ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ – ɜ ɭɝɥɟɪɨɞɧɨɦ ɧɚɩɨɥɧɢɬɟɥɟ – ɜ ɭɫɥɨɜɢɹɯ ɮɨɪɦɨɜɚɧɢɹ 
ɩɪɟɫɫɤɨɦɩɨɡɢɬɚ. Ⱦɥɹ ɷɬɨɝɨ ɦɟɥɤɨɞɢɫɩɟɪɫɧɭɸ ɷɤɜɢɦɨɥɶɧɭɸ ɫɦɟɫɶ ɢɫɯɨɞɧɵɯ ɦɨɧɨɦɟɪɨɜ – 

ɛɢɫ(ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ), (γ,γ-ɞɢɚɦɢɧɨɛɟɧɡɢɞɢɧɚ ɢɥɢ γ,γ,4,4,-ɬɟɬɪɚɚɦɢɧɨɞɢɮɟɧɢɥɨɤɫɢɞɚ) ɢ 
ɞɢɚɧɝɢɞɪɢɞɚ ɧɚɮɬɚɥɢɧ-1,4,5,8,-ɬɟɬɪɚɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɧɚɧɨɫɢɥɢ ɧɚ ɭɝɥɟɪɨɞɧɵɣ ɧɚɩɨɥɧɢɬɟɥɶ 
ɢ ɩɪɨɜɨɞɢɥɢ ɫɢɧɬɟɡ ɨɥɢɝɨɦɟɪɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɩɨɥɧɢɬɟɥɹ ɩɪɢ Ɍɪɟɚɤɰ.<Tɩɥ. 
ɬɟɬɪɚɚɦɢɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ; ɞɚɥɟɟ, ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɩɪɟɫɫɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɮɨɪɦɨɜɚɧɢɟ 
ɭɝɥɟɩɥɚɫɬɢɤɚ (ɞɚɜɥɟɧɢɟ – 15 ɤɝɫ/ɫɦ2, ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɫɫɨɜɚɧɢɹ – 400 ɋ, ɫɤɨɪɨɫɬɶ 
ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ  5 /ɦɢɧ). Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɢɟɦ ɩɨɥɭɱɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɭɝɥɟɩɥɚɫ-
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ɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɉɇȻɂ ɛɵɥ ɚɩɪɨɛɢɪɨɜɚɧ ɢ ɩɨɥɭɱɢɥ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ. ɋɜɨɣɫɬɜɚ ɩɨɥɭ-
ɱɟɧɧɨɝɨ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɧɚɮɬɨɢɥɟɧɛɟɧɡɢɦɢɞɚɡɨɥɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

 
Ɍɚɛɥɢɰɚ 2. ɋɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɨɝɨ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɧɚɮɬɨɢɥɟɧɛɟɧɡɢɦɢɞɚɡɨɥɚ 

ɋɨɞɟɪɠɚɧɢɟ 
ɩɨɥɢɦɟɪɧɨɝɨ 
ɫɜɹɡɭɸɳɟɝɨ, 

ɜɟɫ% 

ɋɨɞɟɪɠɚɧɢɟ 
ɭɝɥɟɪɨɞɧɨɝɨ 

ɜɨɥɨɤɧɚ, ɜɟɫ% 

ɉɥɨɬɧɨɫɬɶ, 
ɝ/ɫɦ3

 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ, 
ɤɝɫ/ɦɦ2

 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ 

ɢɡɝɢɛɟ, ɤɝɫ/ɦɦ2
 

Ɍɟɦɩɟɪɚɬɭɪɚ Ɍɟɦɩɟɪɚɬɭɪɚ 

20 ɋ 300 ɋ 20 ɋ 300 ɋ 

45 55 1,38 34 31 8000 7200 

 
ɉɪɨɜɟɞɟɧɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɩɨɡɜɨɥɢɥɚ ɜɩɟɪɜɵɟ 

ɩɨɥɭɱɢɬɶ ɷɬɨɬ ɜɢɞ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɉɇȻɂ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɯɨɬɹ ɩɨɥɭɱɟɧɧɵɟ 
ɭɝɥɟɩɥɚɫɬɢɤɢ ɩɨɤɚ ɭɫɬɭɩɚɸɬ ɩɨ ɚɛɫɨɥɸɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɭɝɥɟɩɥɚɫɬɢɤɚɦ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɢɦɢɞɨɜ, ɨɞɧɚɤɨ ɩɪɟɜɨɫɯɨɞɹɬ ɢɯ ɩɨ ɭɪɨɜɧɸ ɫɨɯɪɚɧɟɧɢɹ 
ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɫɨɯɪɚɧɧɨɫɬɶ ɩɪɨɱɧɨɫɬɢ ɧɚ ɢɡɝɢɛ ɩɪɢ  
300 ɋ ɫɨɫɬɚɜɥɹɟɬ  90 %). 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɥɭɱɟɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɉɇȻɂ, ɛɚɡɢɪɭɸɳɢɣɫɹ ɧɚ ɩɪɢɧ-
ɰɢɩɟ ɪɟɚɤɰɢɨɧɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ, ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦμ  
1) ɢɫɤɥɸɱɚɟɬɫɹ ɨɬɞɟɥɶɧɚɹ ɫɬɚɞɢɹ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ; 
2) ɭɩɪɚɡɞɧɹɟɬɫɹ ɫɬɚɞɢɹ ɩɨɥɭɱɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɢɡ ɪɚɫɬɜɨɪɚ ɩɨɥɢɦɟɪɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɢɫɤɥɸɱɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɬɨɤɫɢɱɧɵɯ ɨɬɯɨɞɨɜ (ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɩɨɞɫɭɲɤɢ); 
3) ɩɨɥɭɱɚɟɦɵɟ ɷɬɢɦ ɦɟɬɨɞɨɦ ɭɝɥɟɩɥɚɫɬɢɤɢ ɹɜɥɹɸɬɫɹ ɧɟɝɨɪɸɱɢɦɢ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɢɡɤɨɣ 
ɩɨɪɢɫɬɨɫɬɶɸ. 

ɉɪɨɜɟɞɟɧɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪ-
ɧɨɫɬɢ ɫɢɧɬɟɡɚ ɉɇȻɂ ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɰɢɤɥɨɤɧɞɟɧɫɚɰɢɢ ɢ ɧɚɦɟɬɢɥɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 
ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɫɨɡɞɚɧɢɸ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɩɥɚɫɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɩɨɥɢɦɟɪɚ. 
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SUMMARY 
HEAT-RESISTANT COMPOSITION BASED ON POLYNAPHTOYLEN BENZIMIDAZOLE 
Ormotsadze N.Sh., Meskhishvili M.M. and Bibileishvili D.V. 
Akaki Tsereteli State University, Kutaisi 
Georgian Technical University 
The objective of the research involves the reduction of layer defectiveness, veil removal at etching of the 
polymer lacquer and an increase of its stability at storage. The aim is attained by using the composition based on 
the different-section structure containing o-aminophenyl-naphtoylimide and naphtoylen benzimidazole 
fragments with the blocked - end anhydryde groups.The method for preparation of press-materials based on 
polynaphtoylbenzimidazole by means of thermal polycyclocondensation was developed. 
Keywords: heat-resistant composition, polynaphtoylen benzimidazol, polycyclocondensation. 
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ɇȿɄɈɌɈɊɕȿ ɉȺɊȺɆȿɌɊɕ, ȼɅɂəɘɓɂȿ ɇȺ ɋɈɊȻɐɂɈɇɇɕȿ ɋȼɈɃɋɌȼȺ  
ɉɊɂɊɈȾɇɕɏ ɐȿɈɅɂɌɈȼ ȽɊɍɁɂɂ 

 

Ƚɭɞɭɲɚɭɪɢ ɐ.ɇ., Ʉɨɱɢɚɲɜɢɥɢ Ɇ.C., ɍɝɪɟɯɟɥɢɞɡɟ ɂ.Ɋ. 
 

Ƚɪɭɡɢɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 

ȼ ɬɟɱɟɧɢɟ ɪɹɞɚ ɥɟɬ ɧɚ ɤɚɮɟɞɪɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ Ƚɪɭɡɢɧɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɪɢɪɨɞɧɵɯ ɰɟɨɥɢɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɛɟɧɬɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ.  

ɉɪɨɰɟɫɫɵ ɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɤɚɬɢɨɧɨɜ ɪɟɞɤɢɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡɭɱɚɥɢɫɶ ɜ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɦɟɬɨɞɨɦ ɩɨɫɬɪɨɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɢɜɵɯ ɫɨɪɛɰɢɢ ɢ ɷɥɸɢɪɨɜɚɧɢɹ ɧɚ 
ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɤɨɥɨɧɤɚɯ ɫ ɞɢɚɦɟɬɪɨɦ 1,6 ɫɦ, ɜɵɫɨɬɨɣ ɫɥɨɹ ɫɨɪɛɟɧɬɚ 6,5 ɫɦ ɢ ɪɚɡɦɟɪɨɦ 
ɡɟɪɟɧ 0,β5-1,0 ɫɦ. ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɬɛɢɪɚɥɢɫɶ ɮɪɚɤɰɢɢ 
ɮɢɥɶɬɪɚɬɨɜ ɢɥɢ ɷɥɸɚɬɨɜ, ɜ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɥɨɫɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɢɡɭɱɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. ɐɟɨɥɢɬɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɦɨɞɢɮɢɰɢɪɨɜɚɥɢɫɶ ɤɚɬɢɨɧɚɦɢ ɧɚɬɪɢɹ ɩɭɬɟɦ ɨɛɪɚɛɨɬɤɢ ɫɨɪɛɟɧɬɨɜ 1N  ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɫɬɨɝɨ 
ɧɚɬɪɢɹ. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɜɟɥɢɱɢɧɚ ɪɇ, 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɤɨɥɨɧɨɤ, ɯɢɦɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɸɟɧɬɨɜ. 

ɇɚɤɨɩɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɚɤɠɟ ɢɧɬɟɪɟɫ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɜɨɡɦɨɠɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɨɪɛɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢɡɭɱɟɧɧɵɯ ɰɟɨɥɢɬɨɜ 
ɢ ɧɟɤɨɬɨɪɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɷɬɢ ɫɨɪɛɟɧɬɵ (ɬɚɛɥɢɰɚ). ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ 
ɮɭɧɤɰɢɢ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɛɵɥɚ ɜɵɛɪɚɧɚ ɜɟɥɢɱɢɧɚ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɢ (ȾɈȿ). 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɦɟɸɳɢɯɫɹ ɜ ɧɚɲɟɦ ɪɚɫɩɨɪɹɠɟɧɢɢ ɞɚɧɧɵɯ ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ 
ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ ȾɈȿ ɢɡɭɱɟɧɧɵɯ ɫɨɪɛɟɧɬɨɜ ɢ ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɤɚɤ ɩɪɨɰɟɧɬɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɰɟɨɥɢɬɚ ɜ ɦɢɧɟɪɚɥɟ, ɤɢɧɟɬɢɱɟɫɤɢ ɞɢɚɦɟɬɪ ɜɯɨɞɧɵɯ ɨɤɨɧ ɢ ɜɟɥɢɱɢɧɚ ɨɬɧɨɲɟɧɢɹ 

ASi / (ɬɚɛɥɢɰɚ). 
 

            ɉɚɪɚɦɟɬɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɰɟɨɥɢɬɨɜ 

                                                                                             
ɐɟɨɥɢɬ Ʉɢɧɟɬɢɱɟɫɤɢɣ 

ɞɢɚɦɟɬɪ (ɦɦ) 
Ɉɬɧɨɲɟɧɢɟ 

ASi /  

ȾɈȿ  ɦɝ-ɷɤɜ/ɝ 

Ʉɥɢɧɨɩɬɢɥɨɥɢɬ 3,9 4,28-5,05 0,432-0,166-0,028 

Ɇɨɪɞɟɧɢɬ 3,9 4,18-5,0 0,270-0,075-0,041 

Ⱥɧɚɥɶɰɢɧ 2,6 1,8-2,8 0,11-0,056-0,037 

Ʌɨɦɨɧɬɢɬ 2,6 1,28-2,28 0,048-0,037-0,017 

Ɏɢɥɥɢɩɫɢɬ 2,6 1,7-2,4 0,813-0,446-0,248 

 

Ʉɚɤ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɰɟɨɥɢɬɚ ɜ ɦɢɧɟɪɚɥɟ 
ɜɟɥɢɱɢɧɚ ȾɈȿ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɬɟɬ. Ɍɚɤ ɧɚɩɪɢɦɟɪ, ȾɈȿ ɩɨ ɦɟɞɢ(II) ɤɥɢɧɨɩɬɢɥɨɥɢɬɚ 
ɏɟɤɨɪɞɡɭɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ 80-85% ɰɟɨɥɢɬɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 0,4γβ ɦɝ-ɷɤɜ/ɝ, ɚ ɞɥɹ ɤɥɢɧɨɩɬɢ-

ɥɨɥɢɬɚ Ɍɟɞɡɚɦɢ ɢ ɦɨɪɞɟɧɢɬɚ  Ȼɨɥɧɢɫɢ, ɫɨɞɟɪɠɚɳɟɝɨ 40-45% ɰɟɨɥɢɬɚ, ɜɟɥɢɱɢɧɚ ȾɈȿ ɩɨ 
ɦɟɞɢ(II) ɪɚɜɧɚ 0,β8 ɦɝ-ɷɤɜ/ɝ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɩɨɪɹɞɤɟ ɜɟɥɢɱɢɧ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɢɚɦɟɬɪɨɜ 
ɜɯɨɞɧɵɯ ɨɤɨɧ ɢ ɜɟɥɢɱɢɧɟ ɨɬɧɨɲɟɧɢɹ ASi / .  

Ʉɢɧɟɬɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɜɯɨɞɧɵɯ ɨɤɨɧ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɩɨɪɹɞɤɟ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɰɟɨɥɢɬɚ ɜ ɦɢɧɟɪɚɥɟ (75-85%) ɞɨɫɬɚɬɨɱɧɨ ɹɫɧɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɜɟɥɢɱɢɧɚɦɢ ȾɈȿ. ɉɪɢ ɩɟɪɟɯɨɞɟ 
ɫɪɟɞɧɟɩɨɪɢɫɬɵɯ ɰɟɨɥɢɬɨɜ (ɤɥɢɧɨɩɬɢɥɨɥɢɬ, ɦɨɪɞɟɧɢɬ) ɤ ɧɢɡɤɨɩɨɪɢɫɬɵɦ (ɝɟɢɥɚɧɞɢɬ, ɥɨɦɨɧɬɢɧ, 
ɚɧɚɥɶɰɢɦ) ɜɟɥɢɱɢɧɵ ȾɈȿ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬɫɹ. ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɧɢɡɤɨɤɪɟɦɧɢɫɬɵɣ 
ɰɟɨɥɢɬ - ɮɢɥɥɢɩɫɢɬ, ɩɪɨɹɜɢɜɲɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɟ ɜɟɥɢɱɢɧɵ ȾɈȿ ɩɨ ɢɡɭɱɟɧɧɵɦ 
ɤɨɦɩɨɧɟɧɬɚɦ. 
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ɑɬɨ ɠɟ ɤɚɫɚɟɬɫɹ ɜɟɥɢɱɢɧɵ ɨɬɧɨɲɟɧɢɹ ASi / , ɬɨ ɜɵɫɨɤɨɤɪɟɦɧɢɫɬɵɟ ɰɟɨɥɢɬɵ –
ɤɥɢɧɨɩɬɢɥɨɥɢɬ (ɏɟɤɨɪɞɡɭɥɚ, Ɍɟɞɡɚɦɢ, Ⱥɰɤɭɪɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Ⱥɫɩɢɧɞɡɚ), ɦɨɪɞɟɧɢɬ 
(Ȼɨɥɧɢɫɢ) ɢ ɦɨɪɞɟɧɢɬ (Ɏɟɪɫɚ) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦɢ ɜɟɥɢɱɢɧɚɦɢ ȾɈȿ. ɋ 
ɩɨɧɢɠɟɧɢɟɦ ɠɟ ɜɟɥɢɱɢɧɵ ɨɬɧɨɲɟɧɢɹ  ASi /  ɢ ɫ ɩɟɪɟɯɨɞɨɦ ɤ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɨ ɜɟɥɢɱɢɧɟ 

ASi /  ɰɟɨɥɢɬɚɦ – ɥɨɦɨɧɬɢɬɭ (Ɍɛɢɥɢɫɢ) ɢ ɚɧɚɥɶɰɢɧɭ (Ʉɭɬɚɢɫɢ) ɜɟɥɢɱɢɧɵ ȾɈȿ ɪɟɡɤɨ 
ɭɦɟɧɶɲɚɸɬɫɹ. ɂɫɤɥɸɱɟɧɢɟ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ɫɨɫɬɚɜɥɹɟɬ ɮɢɥɥɢɩɫɢɬ, ɜɟɥɢɱɢɧɚ ȾɈȿ 
ɤɨɬɨɪɨɝɨ, ɨɱɟɜɢɞɧɨ, ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɪɹɞɚɦɢ ɟɝɨ ɦɚɬɪɢɰɵ. 

ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɤɨɪɪɟɥɹɰɢɢ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɜɨɡɦɨɠɧɵɟ ɤɪɢɬɟɪɢɢ 
ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɵɛɨɪɚ ɩɪɢɪɨɞɧɵɯ ɰɟɨɥɢɬɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɨɧɨɨɛɦɟɧɧɨ-

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɪɚɡɞɟɥɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɪɟɞɤɢɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ.  
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SUMMARY 

THE IMPACT OF SOME PARAMETERS ON THE SORPTION PROPERTIES OF NATURAL 

GEORGIAN ZEOLITES 

Gudushauri  Ts.N., Kochiashvili M.S. and Ugrekhelidze I.R. 

Georgian Technical University 
The correlation between the zeolites studied and some parameters was made based on the experimental results. 

As a function is taken the correlation of exchange capacity with the parameters such as the content of 

zeolite in a mineral, the kinetic (effective) diameter of windows and the Si:Al ratio. The determined 

correlation can be used as a justified zeolite criterion for separation of rare and intermediate metals, and for 

development of new chromatographic concentration methods. 

Keywords: zeolite, sorption, sorbent, DOE. 
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ɆɂɄɊɈɄɈɅɈɇɈɑɇȺə   ȼɕɋɈɄɈɗɎɎȿɄɌɂȼɇȺə  ɀɂȾɄɈɋɌɇȺə  
ɏɊɈɆȺɌɈȽɊȺɎɂə  ɎɈɋɎɈɅɂɉɂȾɈȼ  ɉɈȾɋɈɅɇȿɑɇɈȽɈ ɆȺɋɅȺ 

 

ɋɢɪɚɞɡɟ Ɇ.Ƚ., Ȼɟɪɞɡɟɧɢɲɜɢɥɢ ɂ.Ƚ., ɇɟɩɚɪɢɞɡɟ ɇ.ɋ., Ⱦɠɨɯɚɞɡɟ Ƚ.Ⱥ.,  

Ɍɜɚɥɢɚɲɜɢɥɢ ȼ.Ȼ., Ⱦɢɨɝɢɞɡɟ Ɉ.ɒ. 
 

Ƚɪɭɡɢɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  
 Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ Ɇɨɪɫɤɚɹ  Ⱥɤɚɞɟɦɢɹ,  Ȼɚɬɭɦɢ 

 

Ɉɫɧɨɜɧɵɦɢ  ɧɨɫɢɬɟɥɹɦɢ  ɮɨɫɮɨɪɚ  ɜ  ɪɚɫɬɢɬɟɥɶɧɵɯ  ɦɚɫɥɚɯ  ɹɜɥɹɸɬɫɹ  ɮɨɫɮɨɥɢɩɢɞɵ,  
ɤɨɬɨɪɵɟ  ɦɨɝɭɬ  ɧɚɯɨɞɢɬɶɫɹ  ɤɚɤ  ɜ  ɫɜɨɛɨɞɧɨɦ,  ɬɚɤ  ɢ  ɫɜɹɡɚɧɧɨɦ  ɫ  ɭɝɥɟɜɨɞɚɦɢ  ɢ  ɛɟɥɤɚɦɢ  
ɫɨɫɬɨɹɧɢɢ. ɋɨɞɟɪɠɚɧɢɟ  ɮɨɫɮɨɥɢɩɢɞɨɜ  ɜ  ɦɚɫɥɚɯ  ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ  ɫɬɚɧɞɚɪɬɚɦɢ.  

Ɇɢɤɪɨɤɨɥɨɧɨɱɧɚɹ   ȼɗɀɏ  ɮɨɫɮɨɥɢɩɢɞɨɜ ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɦɚɫɥɚ  ɨɩɢɫɚɧɚ  ɜ [1].  Ⱥɧɚɥɢɡ  
ɮɨɫɮɨɥɢɩɢɞɨɜ ɧɚɱɢɧɚɸɬ ɫ ɩɪɨɜɟɪɤɢ ɱɢɫɬɨɬɵ ɯɥɨɪɨɮɨɪɦɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨɜ ɤɚɱɟɫɬɜɟ  
ɪɚɫɬɜɨɪɢɬɟɥɹ  ɞɥɹ  ɩɪɨɛɵ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ  ɨɛɪɚɡɰɚ.   Ⱦɥɹ  ɷɬɨɝɨ  ɩɪɢ  ɭɫɥɨɜɢɹɯ   ɚɧɚɥɢɡɚ  ɜɜɨɞɹɬ  
ɜ  ɯɪɨɦɚɬɨɝɪɚɮ 5 ɦɤɥ ɱɢɫɬɨɝɨ ɯɥɨɪɨɮɨɪɦɚ. Ɉɬɫɭɬɫɬɜɢɟ  ɩɢɤɨɜ,  ɤɪɨɦɟ  ɩɢɤɚ,  ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ  
ɯɥɨɪɨɮɨɪɦɭ, ɫɨ ɜɪɟɦɟɧɟɦ ɭɞɟɪɠɢɜɚɧɢɹ  1, 5 - β  ɦɢɧ, ɫɬɚɛɢɥɶɧɨɫɬɶ  ɧɭɥɟɜɨɣ  ɥɢɧɢɢ  ɢ  
ɨɬɫɭɬɫɬɜɢɟ  ɲɭɦɨɜ, ɩɪɟɜɵɲɚɸɳɢɯ  β - 4 ɦȼ, ɝɨɜɨɪɹɬ ɨɛ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɱɢɫɬɨɬɟ  
ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɋɟɝɢɫɬɪɚɰɢɸ ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɩɪɨɢɡɜɨɞɹɬ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ β04  ɧɦ,  ɩɪɢ  ɤɨɬɨɪɨɣ  
ɧɚɛɥɸɞɚɸɬɫɹ ɫɚɦɵɟ ɢɧɬɟɧɫɢɜɧɵɟ ɩɢɤɢ. ɂɫɩɨɥɶɡɭɸɬ ɪɟɠɢɦ ɩɨɥɹɪɧɨɣ ɠɢɞɤɨɫɬɧɨɣ  ɯɪɨɦɚɬɨ-

ɝɪɚɮɢɢ. ȼ  ɤɚɱɟɫɬɜɟ  ɧɟɩɨɞɜɢɠɧɨɣ  ɮɚɡɵ  ɛɟɪɭɬ  ɋɢɥɚɫɨɪɛ- 600  ɫ ɪɚɡɦɟɪɨɦ  ɚɫɬɢɰ  5 ɦɤɦ.  
Ʉɨɥɨɧɤɚ  ɪɚɡɦɟɪɨɦ  β ɏ 6β  ɦɦ  ɢɥɢ  β ɏ 80  ɦɦ  ɫ  ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ  γ000 - 5000  ɬɟɨɪɟɬɢɱɟɫɤɢɯ  
ɬɚɪɟɥɨɤ. ɉɨɞɜɢɠɧɚɹ  ɮɚɡɚ  ɢɦɟɟɬ  ɫɥɟɞɭɸɳɢɣ  ɫɨɫɬɚɜμ ɚɰɟɬɨɧɢɬɪɢɥ : ɦɟɬɚɧɨɥ : 85%-ɧɚɹ  
ɨɪɬɨɮɨɫɮɨɪɧɚɹ  ɤɢɫɥɨɬɚ  ɜ  ɫɨɨɬɧɨɲɟɧɢɢ  780 μ 10 μ λ;   ɫɤɨɪɨɫɬɶ  ɪɚɫɯɨɞɚ  β00 ɦɤɥ/ɦɢɧ.  Ɉɛɴɟɦ  
ɜɜɨɞɢɦɨɣ  ɩɪɨɛɵ  5  ɦɤɥ.  Ⱦɥɹ  ɚɧɚɥɢɡɚ  ɧɚɜɟɫɤɭ  ɮɨɫɮɨɥɢɩɢɞɧɨɝɨ  ɤɨɧɰɟɧɬɪɚɬɚ  (10  0,1)  ɦɤɝ  
ɪɚɫɬɜɨɪɹɸɬ  ɜ  1  ɦɥ  ɯɥɨɪɨɮɨɪɦɚ. 

Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ  ɢɥɢ  ɪɚɫɲɢɮɪɨɜɤɢ  ɩɨɥɭɱɟɧɧɵɯ  ɯɪɨɦɚɬɨɝɪɚɦɦ  ɢɫɩɨɥɶɡɭɸɬ  
ɜɪɟɦɹ ɭɞɟɪɠɢɜɚɧɢɹ ɞɥɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɝɪɭɩɩ ɮɨɫɮɨɥɢɩɢɞɨɜ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɯɪɨɦɚ-

ɬɨɝɪɚɦɦɚɦ  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ  ɫɬɚɧɞɚɪɬɧɵɯ  ɪɚɫɬɜɨɪɨɜ  ɯɢɦɢɱɟɫɤɢ  ɱɢɫɬɵɯ  ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ  
ɝɪɭɩɩ. 

Ⱦɥɹ  ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ  ɪɚɫɱɟɬɚ  ɯɪɨɦɚɬɨɝɪɚɦɦ  ɧɟɨɛɯɨɞɢɦɨ  ɬɚɤɠɟ  ɡɧɚɧɢɟ  ɩɨɩɪɚɜɨɱ-

ɧɨɝɨ  ɤɨɷɮɮɢɰɢɟɧɬɚ iK ,  ɤɨɬɨɪɵɣ  ɪɚɫɫɱɢɬɵɜɚɸɬ  ɤɚɤ  ɨɬɧɨɲɟɧɢɟ  ɧɚɜɟɫɤɢ,  ɜɡɹɬɨɣ  ɞɥɹ  ɩɪɢɝɨ-

ɬɨɜɥɟɧɢɹ  ɫɬɚɧɞɚɪɬɧɨɝɨ  ɪɚɫɬɜɨɪɚ,  ɤ  ɩɥɨɳɚɞɢ  ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ  ɩɢɤɚ. 
ȼɪɟɦɟɧɚ ɭɞɟɪɠɢɜɚɧɢɹ ɢ ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɝɪɭɩɩ   

ɮɨɫɮɨɥɢɩɢɞɨɜ,  ɨɩɪɟɞɟɥɟɧɧɵɟ  ɜ  [1]  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ,   ɩɪɟɞɫɬɚɜɥɟɧɵ  ɜ  ɬɚɛɥɢɰɟ. ɋɥɟɞɭɟɬ  
ɧɚɩɨɦɧɢɬɶμ ɩɚɪɚɦɟɬɪɵ  

Rt   ɢ  iK   ɞɥɹ   ɤɨɧɤɪɟɬɧɨɣ  ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ  ɫɢɫɬɟɦɵ  ɫɥɟɞɭɟɬ  
ɬɚɤɠɟ ɧɚɯɨɞɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ⱦɚɧɧɵɟ ɬɚɛɥɢɰɵ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɬɨɥɶɤɨ ɞɥɹ  ɨɪɢɟɧɬɢɪɨ-

ɜɨɱɧɨɣ  ɨɰɟɧɤɢ. 
 
  ɉɚɪɚɦɟɬɪɵ  ɭɞɟɪɠɢɜɚɧɢɹ  ɢ  ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ  ɚɧɚɥɢɡɚ  ɮɨɫɮɨɥɢɩɢɞɨɜ 

Ƚɪɭɩɩɵ ɮɨɫɮɨɥɢɩɢɞɨɜ 
ȼɪɟɦɹ  ɭɞɟɪɠɢɜɚɧɢɹ Rt ,   

ɦɢɧ 

ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ iK ,  

ɦɝ/ɦȼ.ɫ 

Ɏɨɫɮɚɬɢɞɢɥɢɧɨɡɢɬɨɥɵ 3,5 0,090 

Ɏɨɫɮɚɬɢɞɢɥɫɟɪɢɧɵ 4,5 0,012 

Ɏɨɫɮɚɬɢɞɢɥɷɬɚɧɨɥɚɦɢɧɵ 8,0 0,003 

Ɏɨɫɮɚɬɢɞɢɥɯɨɥɢɧɵ 11,5 0,026 

Ʌɢɡɨɮɨɫɮɚɬɢɞɢɥɯɨɥɢɧɵ 27,0 0,060 

 

ɉɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɯɪɨɦɚɬɨɝɪɚɦɦɟ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳɚɞɢ ɩɢɤɨɜ iS   

ɨɬɞɟɥɶɧɵɯ ɝɪɭɩɩ  ɮɨɫɮɨɥɢɩɢɞɨɜ ɩɪɨɢɡɜɨɞɹɬ ɪɚɫɱɟɬ ɫɭɦɦɚɪɧɨɣ ɞɨɥɢ ɮɨɫɮɨɥɢɩɢɞɨɜ ɜ  
ɮɨɫɮɨɥɢɩɢɞɧɨɦ  ɤɨɧɰɟɧɬɪɚɬɟ  Cɮɥ   ɜ  %  ɩɨ  ɮɨɪɦɭɥɟμ 

 

Cɮɥ = CVKS ii /)(100   
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ɝɞɟ iS   -  ɩɥɨɳɚɞɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɢɤɚ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɦɟ ɜ ɦB
. 

c; iK  - ɩɨɩɪɚɜɨɱɧɵɣ  
ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɝɪɭɩɩɵ ɮɨɫɮɨɥɢɩɢɞɨɜ, ɦɝ/ɦ cB  ; ɋ - ɤɨɧɰɟɧɬɪɚɰɢɹ  ɮɨɫɮɨ-

ɥɢɩɢɞɧɨɝɨ  ɤɨɧɰɟɧɬɪɚɬɚ  ɜ  ɯɥɨɪɨɮɨɪɦɟ,   ɦɝ/ɦɤɥ; V  - ɨɛɴɟɦ  ɜɜɨɞɢɦɨɣ  ɩɪɨɛɵ,  ɦɤɥ. 
Ɋɚɫɱɟɬ  ɦɚɫɫɨɜɨɣ  ɞɨɥɢ  ɜ  ɩɪɨɰɟɧɬɚɯ  ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ  ɝɪɭɩɩ  ɮɨɫɮɨɥɢɩɢɞɨɜ  jC   

ɩɪɨɜɨɞɹɬ  ɩɨ  ɮɨɪɦɭɥɟμ 
 

jC = )/(100 iijj KSKS 
 

 

Ɇɟɬɨɞɢɤɚ  ɩɪɢɦɟɧɢɦɚ  ɞɥɹ  ɚɧɚɥɢɡɚ  ɤɨɧɰɟɧɬɪɚɬɨɜ   ɮɨɫɮɨɥɢɩɢɞɨɜ, ɟɫɥɢ ɢɯ  ɫɨɞɟɪɠɚɧɢɟ  
ɫɨɫɬɚɜɥɹɟɬ  ɜ  ɤɨɧɰɟɧɬɪɚɬɟ  ɧɟ  ɦɟɧɟɟ  50%.   ȿɫɥɢ  ɞɨɥɹ  ɧɟɣɬɪɚɥɶɧɵɯ  ɥɢɩɢɞɨɜ  ɜɵɲɟ  50%, ɬɨ  
ɮɨɫɮɨɥɢɩɢɞɧɵɣ  ɤɨɧɰɟɧɬɪɚɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɬɞɟɥɢɬɶ ɨɬ ɧɟɣɬɪɚɥɶɧɵɯ  ɥɢɩɢɞɨɜ. 

Ɉɫɨɛɵɟ   ɬɪɟɛɨɜɚɧɢɹ  ɩɪɟɞɴɹɜɥɹɸɬɫɹ  ɤ  ɱɢɫɬɨɬɟ  ɪɚɫɬɜɨɪɢɬɟɥɟɣ  ɞɥɹ  ɩɨɞɜɢɠɧɨɣ  ɮɚɡɵ.    
Ⱥɰɟɬɨɧɢɬɪɢɥ  ɢ  ɦɟɬɚɧɨɥ  ɞɨɥɠɧɵ  ɛɵɬɶ  ɦɚɪɤɢ  ―Ɉɋɑ  ɞɥɹ  ȼɗɀɏ‖,  ɬ.  ɟ. ɧɟ  ɞɨɥɠɧɵ  ɢɦɟɬɶ  
ɢɧɬɟɧɫɢɜɧɨɝɨ  ɩɨɝɥɨɲɟɧɢɹ  ɩɪɢ  ɞɥɢɧɚɯ  ɜɨɥɧ  ɜɵɲɟ   β00  ɧɦ. 
 
ɅɂɌȿɊȺɌɍɊȺ 

1. ɇ. ɋ. Ⱥɪɭɬɸɧɹɧ,  ȿ. ɉ.  Ʉɨɪɧɟɧɚ, ȿ. ȼ. Ɇɚɪɬɨɜɳɸɤ  ɢ  ɞɪ. Ʌɚɛɨɪɚɬɨɪɧɵɣ  ɩɪɚɤɬɢɤɭɦ  ɩɨ  ɯɢɦɢɢ  
ɠɢɪɨɜ.  – ɋɉɛ.μ  ȽɂɈɊȾ, β004,  β64 ɫ. 
 

SUMMARY 

MICRO-COLUMN LIQUID CHROMATOGRAPHY OF SUNFLOWER OIL PHOSPHOLIPIDS   

Siradze M.G.,  Berdzenishvili I.G.,  Neparidze N.S., Jokhadze G.A., Tvaliashvili V.B. and  Diogidze O.Sh. 

Georgian Technical University 

Batumi State Maritime Academy 

The developed technique is suitable for the analysis of  concentrates of  phospholipids if their content in the 

concentrate is no less than 50%. If the share of neutral lipids is above 50%, it is expedient to separate the  

phospholipid concentrate from neutral lipids. Special requirements are imposed on  the purity of solvents meant 

for the mobile phase. Acetonitrile and methanol should be of  the `sЮЩОrЩЮrО ПШr HPLC‖ grade, i.e. they must not 

have intense absorption at the wavelength above 200 nm.  

Keywords: phospholipids, sunflower oil, micro-column HPLC. 
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acetilenis dimerizaciis da ciklodimerizaciis reaqciebis 

maTematikur-qimiuri Seswavla 

  

lobJaniZe T.e., gverdwiTeli m.i., giorgaZe q.p. 
 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 
anb-matrica warmoadgens molekuluri grafis Tanaziarobis matricis 

modificirebul saxeobas. misi diagonaluri elementebia molekulaSi Semava-
li qimiuri elementebis atomuri nomrebi, aradiagonaluri elementebia 
qimiuri bmebis jeradobebi [1-2]. 

qvazi-anb-matrica ( bna
~

) anb-matricis iseTi gamartivebuli variantia, rom-
lis diagonaluri elementebia molekulis calkeul struqturul frag-
mentebSi Semavali qimiuri elementebis atomuri nomrebis jami, aradiagonalu-
ri elementebia qimiuri bmebis jeradobebi struqturul fragmentebs Soris 

[3]. amgvarad, bna
~

-matrica igeba garkveuli molekuluri modelis safuZvelze 

da es ukanaskneli, amocanis qimiuri Sinaarsis mixedviT SeirCeva. bna
~

-

matricebis meTodis gamoyenebiT SesaZlebelia rogorc individualuri 
molekulis (qimiuri statistika), ise qimiuri gardaqmnebis _ qimiuri 
reaqciebis (qimiuri dinamika) Seswavla. 

bna
~

-matricebis meTodis farglebSi Seswavlilia acetilenis trimeriza-
ciis da ciklotrimerizaciis reqciebi 

                               3HC  CH  H2C = CH – C  C – CH = CH2               (1) 

 

                                 

3HC CH

CH

CH

CH

CH

HC

HC
(2)

 
am reaqciebis modeluri Canawerebia: 
 

                  3A  A  B = A – C  C – A = B                             (3) 

 

3A  A

A
A

A
A

A

A
(4)

 
 

sadac: A  CH, B  CH2, C – naxSirbadatomia. 

bna
~

-matricebis saxiT (3) procesis Canaweria: 
 

  

7   3   0   0   0   0 8   2   0   0   0   0 

 3   7   0   0   0   0  2   7   1   0   0   0

 0   0   7   3   0   0  0   1   6   3   

 0   0   3   7   0   0

 0   0   0   0   7   3

 0   0   0   0   3   7



  

    
0   0 

 0   0   3   6   1   0 

 0   0   0   1   7   2 

 0   0   0   0   2   8 

                     (5) 
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(4) procesis Canaweria: 

                                    

 7   3   0   0   0   0   7   1   0   0   0   2 

 3   7   0   0   0   0  1   7   2   0   0   0

 0   0   7   3   0   0  0   2   7   1

 0   0   3   7   0   0 

 0   0   0   0   7   3 

 0   0   0   0   3   7

    
   0   0

 0   0   1   7   2   0 

 0   0   0   2   7   1 

 2   0   0   0   1   7

                    (6) 

ganvixiloT gamosaxuleba: 

                           r = f – i                                                (7) 

sadac: f  - saboloo sistemis Sesabamisi bna
~

-matricis determinantis mniSvne-

lobaa; i - sawyisi sistemis Sesabamisi bna
~

-matricis determinantis mniSvne-

loba; r - determinantis mniSvnelobis cvlileba reaqciis Sedegad. 

orive ganxiluli reaqciisTvis r<0. Tu gaviTvaliswinebT, rom -s sidide 
molekuluri sirTulis [4-6] proporciulia, SegviZlia davaskvnaT, rom 
acetilenis rogorc trimerizacia, ise ciklotrimerizacia mimdinareobs mo-
lekuluri sirTulis SemcirebiT. 

Senonis informaciis entropia [5,6] gamoiTvleba formuliT:  

                                           i2i plogpH                              (8) 

sadac: pi – garkveuli xdomilebis (mag.: A-struqturuli fragmentis alalbed-
ze `Sexvedris~) albaTobaa.  

ganvixiloT gamosaxuleba: 
                         Hr = Hf – Hi                                     (9) 

sadac: Hf  - saboloo sistemis Sesabamisi Senonis informaciis entropiaa;               
Hi  - sawyisi sistemis Sesabamisi Senonis informaciis entropia; Hr - informa-
ciis entropiis cvlileba reaqciis Sedegad. 

aRmoCnda, rom acetilenis trimerizaciis (1) reaqcia mimdinareobs sistemis 
informaciis entropiis zrdiT (Hr>0), amgvarad, sistemis informatiuloba 
izrdeba. acetilenis ciklotrimerizaciis procesisaTvis, sistemis informa-
ciis entropia ar icvleba (Hr=0). amgvarad, sistemis informatiuloba ucvle-
li rCeba. 
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SUMMARY 

MATHEMATIC-CHEMICAL INVESTIGATION OF ACETYLENE TRIMERIZATION AND 

CYCLOTRIMERIZATION REACTIONS   

Lobdjanidze T.E., Gverdtsiteli M.I. and Giorgadze K.P. 

Iv. Javakhishvili Tbilisi State University 

Within the scope of the quasi-ANB-matrices method, the mathematic-chemical investigation of acetylene 

trimerization and cyclotrimerization reactions was carried out. These reactions proceed with the decrease of 

molecular complexity. 

Keywords: trimerization, cyclotrimerization, quasi-ANB-matrices method. 
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platonis sxeulebis algebruli maxasiaTebeli da misi gamoyeneba 

koordinaciuli naerTebis modelirebisaTvis 

 
rusia m.S., lobJaniZe l.v., gverdwiTeli m.i. 

 
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

 
platonis sxeulebis _ wesieri poliedrebis (tetraedri, kubi, oqtaedri, 

dodekaedri da ikosaedri) daxasiaTeba SesaZlebelia sxvadasxva maTematikuri 
kriteriumiT. naSromSi ganxilulia am poliedrebis daxasiaTebis meTodi 
grafebis Teoriis farglebSi [1-2]. 

grafis Tanaziarobis matrica (Tm) ewodeba kvadratul simetriul matr-
icas, romlis diagonaluri elementebia `0~, xolo aradiagonaluri elemen-
tebi _ `0~ an `1~ (Tu grafis ori wvero SekavSirebulia _ Tanaziaria _ `1~, 
Tu araa SekavSirebuli _ `0~). 

qvemoT motanilia tetraedris Sesabamisi grafi (wveroebis numeraciiT) da 
misi Tm: 

                       

 

0 1 1 1

1 0 1 1

1 1 0 1

1 1 1 0

                   (1) 

   

radgan matricis diagonaluri elementebi nulebia, cxadia, misi determi-
nantis mniSvneloba nulis tolia. 

maTematikur qimiaSi [3-5] efeqturi gamoyenebis mizniT Catarebuli iqna Tm 
matricis garkveuli gardaqmna. axali tipis matricas fsevdoTanaziarobis 
matrica (fTm) ewoda. misi diagonaluri elementebia grafis wveroebis 
xarisxebi, aradiagonaluri _ wiboebis jeradoba. (1) grafis fsevdoTanaziaro-
bis matricas gaaCnia saxe: 

 

      

3 1 1 1

1 3 1 1

1 1 3 1

1 1 1 3

        (2) 

 

modificirebuli fsevdoTanaziarobis matrica (mfTm) meore rangisaa. misi 
erT-erTi diagonaluri elementia grafis erT-erTi wveros xarisxi, meore 
diagonaluri elementia danarCeni wveroebis xarisxebis jami. aradiagonaluri 
elementebia wibos jeradoba SerCeul erT-erT wveros da grafis danarCen 
fragments Soris. amgvarad, (2)-is Sesabamisi mfTm-s saxe iqneba: 

 

       
3 3

3 9
    (3) 

 
 
oqtaedrisTvis, mfTm-matricas gaaCnia saxe: 
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4 4

4 20
      (4) 

 
mfTm-matricebis determinantebis mniSvnelobebi warmoadgens poliedrebis 

digitalur (ricxobriv) maxasiaTebels. qvemoT moyvanilia es maxasiaTebeli 
xuTive poliedrisaTvis. 

  det (tetraedri) = 18 
  det (kubi) = 54 
  det (oqtaedri) = 64                    (5)     
  det (dodekaedri) = 162 
  det (ikosaedri) = 250 

aRniSnuli midgomis gamoyenebiT SesaZlebelia koordinaciul naerTebis 
modelireba da kvleva, radganac koordinaciuli naerTebis Sida koordi-
naciuli sfero xSirad warmoadgens wesier poliedrs. ase, magaliTad, 
M1[M2L6] tipis koordinaciuli naerTis Sida koordinaciuli sferos modelia 
oqtaedri. Tu davuSvebT, rom M1 orvalentovania (M1-is Sesabamisi wveros 
xarisxia 2), Sesabamis modelur grafs eqneba saxe: 

 
 
 
                                                                                                                        (6) 

   

 
 

Sesabamisi mfTm-matricis determinanti SeiZleba ase Caiweros: 
 

     
2 2

det
2 64

            (7) 

 
(7) saxis determinantebis mniSvnelobebis safuZvelze SeiZleba gainsazRv-

ros garkveuli topologiuri indeqsebi, romlebic saSualebas iZleva aigos 
`aRnagoba-Tvisebebi~ tipis korelaciuri gantolebebi [6-7]. es sakiTxebi 
intensiuri Seswavlis stadiaSi imyofeba. 

 
literatura  

1. ɏɚɪɚɪɢ Ɏ. Ɍɟɨɪɢɹ ɝɪɚɮɨɜ. -Ɇɨɫɤɜɚ, 1λ75. 

2. Ɉɪɟ Ɉ. Ɍɟɨɪɢɹ ɝɪɚɮɨɜ. -Ɇɨɫɤɜɚ, 1λ80. 

3. Rovray P.R. Chemical Application of Topology and Graph Theory /Ed. A. Balaban. - London, 1983. 
4. gamziani g. maTematikuri qimiis rCeuli Tavebi. -Tbilisi, mecniereba, 1990. 
5. Gverdtsiteli M., Gamziani G., Gverdtsiteli I. The Contiguity Matrices of Molecular Graphs and their 

Modifications. -Tbilisi, Tbilisi Univ. Press, 1996. 

6. Kobakhidze N., Gverdtsiteli M., Gverdtsiteli I. The Correlations ,,Structure-ЩrШЩОrЭТОs‖ ТЧ AХРОЛrКТМ 
Chemistry. -Tbilisi, 1997. 

7. Gamziani G., Kobakhidze N., Gverdtsiteli M. Topologic Indeces. -Tbilisi, 1997.  

 

SUMMARY 

ALGEBRAIC CHARACTERISTICS OF PLATO’S BODIES AND THEIR APPLICATION IN 

MODELING OF COORDINATION COMPOUNDS 

Rusia M.Sh., Lobjanidze L.B. and  Gverdtsiteli M.I. 

Iv. Javakhishvili Tbilisi State University 

AХРОЛrКТМ МСКrКМЭОrТsЭТМs ШП PХКЭШ’s ЛШНТОs аere elaborated within the scope of the matrices method. The concept 

of pseudo-contiguity and modified pseudo-contiguity matrices was introduced. The application of this approach 

to modeling of coordination compounds is considered. 

Keywordsμ PХКЭШ’s ЛШНТОs, РrКЩС, ЦШНТПТОН ЩsОЮНШ-contiguity matrix, coordination compounds. 
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MATHEMATICAL-CHEMICAL INVESTIGATION OF ALKENES 

 

Kvartskhava G.R., Chachava G.G. and  Gverdsiteli M.I. 

 

Georgian Technical University  

National Food Agency 

Iv. Javakhishvili Tbilisi State University 

 
 
Abstract. Mathematical-chemical investigation of some alkenes was carried out within the scope of the quasi–
ANB-matrices method. Three correlation equations of the structure-properties type were derived. Correlations 

are satisfactory. 

Keywords: alkanes, quasi-ANB–matrix, correlation equation. 

  

 

Contiguity matrices of molecular graphs and their various modifications are widely used in 

mathematical chemistry for investigation of molecules and their transformations, and the ANB–matrix 

falls into this type [1-2]. 

The diagonal elements of the ANB–matrix represent the atomic numbers of chemical 

elements, and the nondiagonal elements are the multiplicaties of the chemical bonds. For an arbitrary 

XYV molecule, the ANB–matrix has the form: 

 

 

     

Zx Δбв ΔбЯ
Δбв Гв ΔвЯ
ΔбЯ ΔвЯ ГЯ

     (1) 

 

 

For large molecules, the calculations based on the  ANB–matrices are labour-consuming. 

Hence a  modernized form of the ANB–matrix - a quasi-ANB–matrix (A͠NB) was elaborated. Its 

diagonal elements are the sums of the atomic numbers of those chemical elements, which the 

structural fragments of the molecule contain, the nondiagonal ones are the multiplicaties of the 

chemical bonds between these structural fragments. 

Some alkenes [3] were investigated within the scope of A ͠NB–matrices method. A simple 

model was elaborated: 

 

                                         A – B                                                   (2) 

 

where: A = CH2 = CH;  B = CH3 , C2H5, C3H7….. 
 The corresponding A ͠NB–matrix has the form: 

 

                  

                                               
A

B

Z 1

 1 Z
      (3) 

 

              

 In the table the data on ХР (∆A͠NB), Tboil, d and S
o

298  for these alkanes are given. 
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The values of ХР (∆A͠NB), Tboil[3], d and S
o
298[4] for alkenes 

 
 

 

 

 

 

 

 

 

 

 

The correlation equations were derived using a computer: 

                                                            Tboil=γβ7,7 ХР (∆A͠NB) – 818,0                                          (4) 

                                                              Н=0,β500      ХР (∆A͠NB) +0,0005    (5) 

                                                              S
o

298=γ7,78   ХР (∆A͠NB) – 9,60     (6) 

The correlation coefficient r is  equal to 0,981; 0,983; 0,988, respectively. 

Thus, in accordance with Jaffe’s criterion [5], the correlation is  satisfactory. 

The value of S
o
298 for  C7H14 is calculated theoreticaly (is given in brackets) baed on 

correlation equation (6). 
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ɊȿɁɘɆȿ 

ɆȺɌȿɆȺɌɂɄɄɈ-ɏɂɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ȺɅɄȿɇɈȼ 

Ʉɜɚɪɰɯɚɜɚ Ƚ.Ɋ., ɑɚɱɚɜɚ Ƚ.Ƚ., Ƚɜɟɪɞɰɢɬɟɥɢ  Ɇ.ɂ. 
Ƚɪɭɡɢɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɇɚɰɢɨɧɚɥɶɧɨɟ ɚɝɟɧɬɫɬɜɨ ɩɪɨɞɨɜɨɥɶɫɬɜɢɹ 

Ɍɛɢɥɢɫɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ  ɭɧɢɜɟɪɫɢɬɟɬ  ɢɦ. ɂɜ. Ⱦɠɚɜɚɯɢɲɜɢɥɢ 

ɉɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɤɨ-ɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɚɥɤɟɧɨɜ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɤɜɚɡɢ – Ⱥɇɋ- 

ɦɚɬɪɢɰ.  ɉɨɫɬɪɨɟɧɵ ɬɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ  ɭɪɚɜɧɟɧɢɹ.  Ʉɨɪɪɟɥɚɰɢɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɧɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɥɤɟɧɵ, ɤɜɚɡɢ – Ⱥɇɋ – ɦɚɬɪɢɰɚ, ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɭɪɚɜɧɟɧɢɹ.  
 

 

 

 

 

 

 

 

Alkene ХР (∆A ͠NB) Tboil, 
o
C d, g/cm

3 S
o

298  cal/(mole K) 

CH2=CH-CH3 2,13 -48 - 63,80 

CH2=CH-C2H5 2,19 -6,5 - 73,04 

CH2=CH-C3H7 2,57 30 0,643 82,05 

CH2=CH-C4H9 2,69 63,5 0,675 91,93 

CH2=CH-C5H11 2,79 93 0,698 (95,80) 

CH2=CH-C6H13 2,87 122,5 0,716 - 

CH2=CH-C7H15 2,93 146 0,731 - 

CH2=CH-C8H17 2,97 171 0,743 - 
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Abstract. The chain growth in the reaction of methane halogenation was studied within the scope of ANB – and 

quasi–ANB–matrices methods. Two correlation equations of the structure-properties type were derived and 

investigated. The correlations are satisfactory.  

Keywords: chain growth, methane halogenation, correlation equation. 

 

Contiguity matrices of molecular graphs and their modifications are widely used in 

mathematical chemistry for investigation of molecules and their transformation, and the ANB-marix 

falls into this type [1]. 

The diagonal elements of the ANB–matrix are the atomic numbers of chemical elements, the 

nondiagonal ones – the multiplicaties of the chemical bonds. For arbitrary XYV molecule, the ANB–
matrix has the form:   

 

 

 

Zx Δбв ΔбЯ
Δбв Гв ΔвЯ
ΔбЯ ΔвЯ ГЯ

      (1) 

                                            

 

wСОrОμ Гб, Гв КЧН ГЯ КrО ЭСО КЭШЦТМ ЧЮЦЛОrs ШП Б, В, Г МСОЦТМКХ ОХОЦОЧЭs; ∆бв, ∆бЯ КЧН ∆вЯ КrО ЭСО 
multiplicaties of X ̴Y, X ̴V, Y ̴V chemical bonds, respectively. 

The modernized form of the ANB–matrix – a quasi–ANB-matrix (A ͠NB) was elaborated [2]. 

Its diagonal elements are the sums of the atomic numbers of those chemical elements, which the 

structural fragments of the molecule contain, the nondiagonal elements represent the multiplicaties of 

the chemical bonds between the structural fragments. Thus,  the calculation based on the A͠NB–matrix 

is less locbour-consuming and gives a possibility to  underline the chemical essence of the problem. 

Decimal logarithms of the values of ANB– and A͠NB–matrices are effective topologic indices for 

construction and investigation of the correlation equations of the structure-properties type. 

The chain growth stage for the methane halogenation reaction is: 

 

 

            CH4  +  Б∙  →  CH3∙  +  HБ,     ∆H1    (2) 

    CH3∙  +  Б2  →  CH3Б  +  Б∙,   ∆H2    (3) 

 

 

аСОrОμ Б ≡ F, Br, I; ∆H1 КЧН ∆H2 are the enthalpies of the reactions [3]. 

IЧ ЭСО ЭКЛХО ЭСО ЯКХЮОs ШП ХР (∆ANB) (for H - Б), ∆H1, ХР (∆A͠NB) (for CH3Б) КЧН ∆H2 are given.  

For CH3X the simplest model R-X was constructed. 
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TСО ЯКХЮОЬ ШП ХР (∆ANB), ∆H1,  ХР(∆A͠NB), ∆H2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two correlation equations were derived using a computer: 

                                                  ∆H1 = 78 ХР (∆ANB) – 103                 (4) 

                                                   ∆H2 = 6λ ХР(∆A͠NB) – 202                  (5) 

          The correlation coefficient r is respectively equal to 0.978; 0.980. Thus, in accordance with 

Jaffe’s criterion [4], the correlation is satisfactory. 
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ɇɚɰɢɨɧɚɥɶɧɨɟ ɚɝɟɧɬɫɬɜɨ ɩɪɨɞɨɜɨɥɶɫɬɜɢɹ 

Ɍɛɢɥɢɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɂɜ. Ⱦɠɚɜɚɯɢɲɜɢɥɢ 

ɂɫɫɥɟɞɨɜɚɧ ɪɨɫɬ ɰɟɩɢ ɜ ɪɟɚɤɰɢɹɯ ɝɚɥɨɝɟɧɢɪɨɜɚɧɢɹ ɦɟɬɚɧɚ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɨɜ Ⱥɇɋ- ɢ ɤɜɚɡɢ–ȺHC–ɦɚɬɪɢɰ. 
ɉɨɫɬɪɨɟɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɞɜɚ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɹ.  Ʉɨɪɪɟɥɚɰɢɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɚɥɨɝɟɧɢɪɨɜɚɧɢɟ ɦɟɬɚɧɚ, ɪɨɫɬ ɰɟɩɢ,  ɤɨɪɪɟɥɹɰɢɨɧɧɨɟ ɭɪɚɜɧɟɧɢɟ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HX HF HCL HBr HI 

ХР(∆ANB) 0,90 1,20 1,53 1,77 

∆H1, ccal/mde -33 -1 15 31 

CH3X CH3F CH3CL CHBr CH3I 

ХР(∆A ͠NB) 1,90 2,18 2,50 2,68 

∆H2, ccal/mde -71 -23 -21 17 
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Abstract.    Mathematical-chemical investigation of some alkynes was carried out within the scope of the quasi-

ANB-matrices method. Three  correlation equations of the structure-propertes type were derived. The 

correlations are satisfactory. 
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The ANB-matrix  falls into the type of  modified contiguity matrices of molecular graphs, and 

it is effectively used in mathematical  chemistry [1, 2].  The diagonal elements of the ANB-matrix are 

the atomic numbers of chemical elements (which the corresponding  molecule  contains); the 

nondiagonal elements  represent the multiplicities of the  chemical  bonds. 

 

ZA          AB            AC

  AB        ZB          BC

   AC          BC            ZC

(1)

 
 

 
where  ZA,  ZB  and  ZC  are the atomic numbers of  A, B and C chemical elements, respectively;  Δ AB,  

Δ AC and Δ BC  are   the multiplicities of the chemical bonds  A   A   B  respectively. 

The modernized form of the ANB-matrix – a quasi-ANB –matrix   ANB was elaborated  

[3].  Its diagonal elements represent the sums of the atomic numbers of those elements, which the 

structural fragments of the molecule contain; the nondiagonal elements are the multiplicities of the 

chemical bonds   between these structural elements. Thus, the ANB-matrix is constructed based on the 

molecular model. 

Some alkynes were investigated within the scope of the  ANB - matrices method. A simplest 

model was elaborated for them: 

 
                                        

                                                     X  -  Y                                                     (2) 

 

X HC C;      Y CH3,   C2H5,    C3H7 . . . .where:
 

 

The corresponding    ANB - matrix has the form: 

 

ZX        1

1           ZY

(3)

 
 

In the table the data on   ANB
lg   ,  Tboil.,  and  S

0
298   for these alkynes are given [5].    
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 ANB
~ ),   Tboil. [4] ,   d [4]  and   So

298  [5]  are  for alkyneslg(
 

 

Alkynes ANB
~  lg ( )

 
Tboil. 

0
C d, g/cm

3
 

S
0
298 , 

cal/ (mole x k) 

HC     C - CH3  2.06 - 23 - 
59.60 

 

HC     C - C2H5  
2.34 9 - 

69.51 

 

HC     C - C3H7  
2.51 40 

0.695 

 

79.16 

 

HC     C - C4H9  
2.63 72 

0.719 

 

88.13 

 

HC     C - C5H11  
2.73 100 

0.733 

 
- 

HC     C - C6H13  
2.80 126 

0.747 

 
- 

HC     C - C7H15  
2.87 151 0.763 - 

HC     C - C8H17  
2.93 182 0.770 - 

 

 

 

Three correlation equations were derived using a computer: 

ANB
~  lg (   Tboil.  =   273

   So
298   =  50.00 ANB

~  lg ( )

) 645                                                     (4).

d   = 0.172 ANB
~ ) 0.263                                                  (5)lg (

.

.
+

43.40                                                  (6)
 

The correlation coefficient   r is equal to 0.983, 0.981 and 0.985, respectively. Thus, in 

accordance with the Jaffe's   criterion, the correlations are satisfactory.  
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ȼ ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɤɜɚɡɢ-Ⱥɇɋ-ɦɚɬɪɢɰ ɩɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɤɨ-ɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɤɨɬɨɪɵɯ 
ɚɥɤɢɧɨɜ. ɉɨɫɬɪɨɟɧɵ ɬɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɹ. Ʉɨɪɪɟɥɹɰɢɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ:  ɚɥɤɢɧɵ,  ɤɜɚɡɢ-Ⱥɇɋ-ɦɚɬɪɢɰɚ, ɤɨɪɪɟɥɹɰɢɨɧɧɨɟ ɭɪɚɜɧɟɧɢɟ. 
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specifikuri konformaciuli struqturis gavlena klotrimazolis 

biokompleqsTa citotoqsikuri aqtiurobis gaZlierebaSi 

 

CigogiZe n.S., wivwivaZe T.i., nadiraZe i.S., 
petriaSvili J.d., kldiaSvili r.S., jafariZe r.j. 

 
saqarTvelos teqnikuri universiteti 

 
imidazolis struqtura warmoadgens cocxali sistemebisa da orga-

nizmebisaTvis aucilebel biologiurad aqtiur mraval nivTierebaTa 
safuZvels. amis garda, cocxal organizmTa normaluri funqcionirebisaTvis 
aucilebelia iseTi specifikuri metalebis, e.w. mikroelementebis arseboba, 
rogorebicaa: vanadiumi, qromi, manganumi, rkina, kobalti, nikeli, spilenZi, 
TuTia, molibdeni da sxv. biologiuri sistemebis mikroelementTa ionebi 
warmoqmnian koordinaciul naerTebs, sadac ligandis rolSi gamodis azotis 
atomis Semcveli heterociklebi, kerZod, imidazolisa da misi warmoebulebis 
struqturebi. gardamaval metalebTan kompleqsuri naerTebis warmoqmna 
ganpirobebulia heterocikluri naerTebis struqturiT, maTSi arsebuli 
azotis donoruli atomis gamo. aseTi naerTebi monawileobs mravali 
biologiurad aqtiuri struqturis stabilizaciaSi. cnobilia cilis 
kompleqsuri naerTebi metalTa ionebTan. fermentuli reaqciebis mimdi-
nareobac aseve metalTa ionebTanaa dakavSirebuli.   ribosomebis muSaoba da 
nukleinis mJavebis struqturis regulacia metalis bunebazea damokidebuli. 

imidazolis warmoebul samkurnalo preparatebs Soris Cveni yuradReba 
miipyro metronidazolma da klotrimazolma. metronidazoli warmoadgens 
farTo speqtris antiprotozoul saSualebas. mas farTod iyeneben mwvave da 
qronikuli triqomoniazis samkurnalod; niSnaven agreTve lambliozis, 
amebiazis da kanis leiSmaniozis dros; anaerobuli  infeqciebis dros mas  
iyeneben, rogorc antibaqteriul saSualebas. bolo dros metronidazols 
iyeneben gastroduodenaluri wylulebis samkurnalod, rac asocirdeba 
helikobaqteria pilorTan (helicobacter pylori). 

preparati metronidazoli xsnis alkoholis dezintoqsikacias (damTr-
gunvelad moqmedebs ferment acetaldehidpogenazaze), zrdis acetaldehidis 
dones sisxlSi, axdens organizmis sensibilizacias alkoholuri sasmelebis 
moqmedebis mimarT, ris gamoc metronidazoli gamoiyeneba alkoholizmiT 
daavadebuli pacientebis samkurnalod.  

metronidazols agreTve iyeneben sxivuri Terapiis mimarT simsivnis 
mgrZnobelobis asamaRleblad. 

Tanamedrove kvlevebis Tanaxmad, gamoikveTa sokovani daavadebebis 
zrdis tendencia, gaizarda mdgradoba sokos gamomwvev mikrobTa da arsebul 
sokosawinaaRmdego preparatTa mimarT, ris gamoc mTel msoflioSi 
seriozuli yuradReba eTmoba axali sokosawinaaRmdego preparatebis miRebas. 

Tanamedrove sokosawinaaRmdego preparatebs Soris wamyvani adgili 
daikava imidazolis da triazolis warmoebulebma (klotrimazoli, ketoka-
nazoli, ekanazoli, mikonazoli, bifonazoli, travogeni, flukonazoli, 
kanazoli da sxv.) 

bolo periodSi mniSvnelovani Sedegebia miRweuli antifungiciduri 
preparatebis moqmedebis meqanizmis SeswavlaSi. am preparatebis ZiriTadi 
jgufebis fungiciduri moqmedeba dakavSirebulia sokos ujredebis kedlebze 
maTi pirdapiri moqmedebiT, rac mdgomareobs ergosterinis sinTezis inhi-
birebaSi. zemoCamoTvlili sinTezirebuli sokosawinaaRmdego preparatebis 
qimiuri formulebi mocemulia sur.1: 
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sur.1. sinTezirebuli sokosawinaaRmdego preparatebi 
 

klotrimazoli pirveli sinTezirebuli imidazolinuri antifungaluri 
preparatia, romelmac farTo aRiareba moipova samedicino praqtikaSi (1970). 
amis Semdeg gamoCnda imidazolis da triazolis sxva sokosawinaaRmdego 
warmoebulebi. klotrimazoli aqtiuria paTogenuri dermatofitebis, 
safuaris sokoebis, sxvadasxva feris liqenis da eriTrazmis gamomwvevebis 
mimarT. is aseve avlens antibaqteriul moqmedebas stafilokokebsa da 
streptokokebze.  

azotis donoruli atomis Semcveli metronidazoli da klotrimazoli 
3d metalebTan kompleqsuri marilebis warmoqmnis reaqciebSi aqtiuri 
ligandebis rolSi gamodian. 

TiToeul am samkurnalo saSualebaSi SeiniSneba biologiuri aqtiu-
robis sxvadasxva saxe (antimikrobuli, antiprotozouli, sokosawinaaRmdego 
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da a.S.), maT aqvT ara marto saerTo biologiuri aqtivoba, aramed amJRavneben 
sruliad axali tipis biologiur aqtivobebs da farmakologiur Tvisebebs. 

kompleqswarmoqmnis reaqciebis daxmarebiT SesaZlebelia ara mxolod 
preparatis biologiuri aqtiurobis gaZliereba, aramed, SesaZlebelia iseTi 
sruliad axali simsivnissawinaaRmdego kompleqsuri naerTebis miReba 
klotrimazolTan, romelic ukeTesia, vidre preparati cis-platina. amasTan 
klotrimazolis miRebuli koordinaciuli naerTebi Cu

2+
   , Co

2+
   , Ni

2+
   da  Zn

2+
   

ionebTan amJRavnebs ukeTes citotoqsikur aqtivobas Tavisufal ligandTan 
da arsebul simsivnissawinaaRmdego preparat cis-platinasTan SedarebiT. 

rogorc cnobilia, cis-platinis simsivnissawinaaRmdego moqmedebis 
meqanizmi dakavSirebulia dnm-is bifunqciur alkilirebasTan, rasac moyveba 
nukleinis mJavebis biosinTezis daTrgunva da ujredis sikvdili. 
cisplatinis miReba peroralurad araefeqturia, amitom mas niSnaven 
parenteralurad. 

jer kidev 1974 wels [1,2] aRmoCenil iqna metronidazolis specifikuri 
kompleqswarmoqmnis unari spilenZ (II)-is ionebTan. nivTierebis 
[CuCl

.(MN)2
.
(H2O)]

+
Cl

–Nstruqtura ionuria da agebulia diskretuli kompleq-
suri kationebisa [CuCl

.(MN)2
.
(H2O)]

+ da  Cl
–-is anionebisagan, rac mtkicdeba 

eleqtrogamtarobis monacemebiT. SemdegSi, rentgenostruqturuli monace-
mebiT dadgenil iqna metronidazolis spilenZ (II)-is ionebTan koordinaciis 
sruliad axali tipi. spilenZis atomebis irgvliv warmoiqmneba trigonalur 
bipiramiduli koordinacia 2 atomi azotiT, metronidazolis 2 monodenta-
turi molekuliT, wylis molekulaTa atomebiT da qloris xiduri atomiT. 
pirvelad iqna damtkicebuli, rom metronidazolTan kompleqsSi spilenZis 
koordinaciuli ricxvi 5-is tolia. 

zemoTqmulis Sedegad SesaZlebelia organizmSi aRniSnuli preparatis 
liganduri paTologiis meqanizmis axsna [3]. 

warmoqmnis ra ,,cru~ ligands, metronidazoli koordinirebs orga-
nizmis spilenZSemcveli cilebisa da fermentebis spilenZis atomebTan, axdens 
maT blokirebas da iwvevs sxvadasxva paTologiur cvlilebas organizmSi 
(organizmSi alkoholis dezintoqsikacia). 2009 wels [3] wamoiwia koncefcia 
ligandisa da organizmis metalSemcveli makromolekulebis urTierTindu-
cirebadi Sesabamisobis, rac Cveni azriT ZiriTadia liganduri paTologiis 
warmoqmnisaTvis. organizmSi kompleqswarmoqmnis dros bioligandebsa da 
metalSemcvel cilebs Soris adgili aqvs drekadi struqturebis warmoqmnas 
da ara mxolod ,,gasaRebi’’ da ,,boqlomi’’ tipis komplementaruli 
konfiguraciis mqone struqturebis meqanikur gaerTianebas. sxva sityvebiT 
rom vTqvaT, adgili aqvs ligandis da makromolekulis konformaciis 
erTdroul cvlilebas. 

dReisaTvis amerikeli kolegebisagan miviReT Sesabamisoba Cven koncef-
ciaze, rac gulisxmobs klotrimazolTan spilenZ (II)-is  specifikuri 
pentakoordinaciuli struqturis kompleqsebis formirebas da Sesabamisad 
preparatis citotoqsikuri Tvisebebis mravaljerad gazrdas [4]. Cveni azriT 
simsivnuri ujredebis dnm warmoadgens realur xafangs msgavsi 
kompleqsebisaTvis. mraval biologiur reaqcias Tan erTvis dnm-is molekulis 
konformaciuli cvlileba. azotis atomebis sxvadasxva naSTebis Semcveli 
dnm-is molekula sxvadasxvagvarad moqmedebs mZime metalTa ionebze. oTx 
nukleotids - adenini, Timini, guanini da citozini, maTi ganlagebis mixedviT, 
aqvs metalTa ionebis Canergvis 10 sxvadasxva SesaZlo adgili. sxva 
elementebTan SedarebiT 3d –elementTa ionebs aqvs SekavSirebis upiratesoba 
da iwvevs sxvadasxva efeqts imis gamo, rom maT SeuZliaT dakavSireba 
rogorc fosfaturi jgufebiT, aseve heterocikliT [5]. amasTan, pirveli 
gardamavali rigis TiToeuli metalis ioni xasiaTdeba am ori adgilis 
dakavSirebisaTvis fardobiTi swrafvis  sxvadasxvagvari mniSvnelobiT. 
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specifikuroba gamoisaxeba ara metalis ioni-nukleotidis urTierT-
qmedebaSi, aramed, SeerTebis adgilis konformaciaSi. Sedegi, Tavis mxriv, 
damokidebulia dnm-is atomTa Tanmimdevrobaze, ionur Zalaze da pH-is 
mniSvnelobaze. aseTi tipis struqturuli cvlileba xsnis dnm-is molekulaSi 
arsebuli biologiuri informaciis gadacemis meqanizms. orvalentiani 
metalis ionebis da sxva eleqtrolitebis  SerCeviT SesaZlebelia ormagi 
spiralis, erTmagi spiralis urTierTgardaqmna. idea, rom metalTa ionebi 
uwesrigod ar aris gabneuli dnm-is molekulis gaswvriv, pirvelad gamoTqva 
kirbma [6], romlis varaudiT, molekulebs SeuZlia Seasrulos SemakavSi-
rebeli roli nukleinis mJavebsa da cilebs Soris  dezoqsi- da ribonukleo-
proteinebSi.  

heterocikluri naerTebis hidroqso- da aminonawarmebi ganicdis 
laqtim-laqtamur da amino-iminur tautomerias. 

 
 

Timini (2,4-dihidroqsi-5-meTilpirimidini) 
 

 
                       citozini (4-amino-2-hidroqsipirimidini) 

 
hidroqsoforma laqtamur formas warmoadgens. wonasworobaSi Cveuleb-

riv Warbobs laqtamuri forma.  
pirimidinis aminowarmoebulebisaTvis damaxasiaTebelia agreTve amino-

iminuri tautomeria. citozins SeiZleba hqondes aminuri an iminuri formebi, 
magram ufro metad damaxasiaTebelia aminuri forma: 

 
                      (aminuri forma)       (iminuri forma) 

citozini 
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amasTan, fiziologiur pirobebSi nukleinuri fuZeebi arsebobs mxolod 
laqtamur da iminur formaSi. 
                       

 

 
 

 

nukleozidebi hidrolizis mimarT mdgradia sust tute garemoSi, xolo 
mJava garemoSi ixliCeba. amasTan, purinuli nukleozidebi, pirimidinulTan 
SedarebiT ufro advilad hidrolizdeba. 

dnm-is erTi jaWvis purinul da meore jaWvis pirimidinul naSTebs 
akavSirebs wyalbaduri bmebi. aseTi nukleinuri fuZeebi warmoqmnis 
komplementarul wyvilebs. amasTan adenini da Timini Seadgens erT 
komplementarul wyvils. komplementaruli naSTebis meore wyvils warmoqmnis 
guanini da citozini.  
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         wyalbaduri bmebi warmoiqmneba erTi nukleinuri fuZis aminojgufsa 
da meoris  karbonilur jgufs Soris  
                      
                   NH ∙∙∙ O = C         , 
 
 
aseve amidur da imidur azotis atomebs Soris 
 
                               NH ∙∙∙ N                . 
 

 
jaWvTa komplementaroba aris dnm-is molekulis mTavari funqciis 

(memkvidruli niSnebis Senaxva da gadacema) qimiuri safuZveli.  memkvidruli 
informaciis gadacemis utyuari sawindaria nukleotiduri Tanmimdevrobis 
SenarCuneba. amasTan, sxvadasxva faqtoris zemoqmedebiT dnm-is nukleotidur-
ma Tanmimdevrobam SeiZleba ganicados sxvadasxva saxis mutacia, romelTa 
dagroveba, iwvevs simsivneTa warmoqmnas. 

ganvixiloT zogierTi maTgani qimiuri TvalTaxedviT. 
mutaciis yvelaze gavrcelebuli saxea nukleinur fuZeTa  romelime 

wyvilis Secvla meoreTi. aseTi cvlilebis mizezi  xSirad SeiZleba iyos 
tautomeruli wonasworobis gadanacvleba. mag., Timini laqtamur formaSi ar 
warmoqmnis wyalbadur bmebs guaninTan , xolo laqtimur formaSi warmoqmnis 
uCveulo wyvils Timini-guanini.  

 

 
 

 
 

 
nukleinur fuZeTa  fiziologiuri wyvilis Secvla genetikuri kodis 

transkrifciiT (,,gadaweriT’’) gadaecema dnm-dan rnm-s da sabolood iwvevs 
sinTezirebul cilaSi aminomJavuri Tanmimdevrobis cvlilebas. mutaciaTa 
dagrovebisas izrdeba SecdomaTa ricxvi cilebis sinTezSi. 

mutaciaTa warmoSobis meore mizezia sxvadasxva saxis  gamosxivebis 
zemoqmedeba. aRsaniSnavia, rom mutaciis warmoqmnis umTavresi mizezi aris 
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qimiuri faqtorebis zemoqmedeba. sxvadasxva qimiuri nivTiereba, e.w. 
mutagenuri anu kancerogenuli naerTebi, iwvevs axal simsivnur warmonaqmnebs. 
amis dasturia qimiuri mutaciis magaliTi nitritebis zemoqmedebisas. 

 

 
 
 
 
adenozinze azotmJavas moqmedebiT, dezaminirebis reaqciis Sedegad 

aminojgufi gardaiqmneba hidroqsilurSi, ris Sedegad adenozinisgan 
warmoiqmneba meore nukleotidi-inozini, romelic Seicavs hipoqsantins. es 
iwvevs dnm-Si  komplementarul nukleinis fuZeTa wyvilis Secvlas, radgan 
adeninuri nukleotidi komplementarulia Timinuris, xolo inozini 
komplementarul wyvils warmoqmnis mxolod citidinur nukleozidTan.  

amasTan erTad, nukleotidebs aqvT Zalian didi mniSvneloba ara 
mxolod, rogorc nukleinuri mJavebis saSen masalas, aramed isini 
gansakuTrebiT mniSvnelovania fermentuli aqtivobis da bioqimiuri proce-
sebis gamovlenisaTvis aucilebeli kofermentebis rolSi.   

zemoTqmuli saSualebas gvaZlevs gavakeToT daskvna, rom kompleqswar-
moqmnisas spilenZ (II)-is ionebi iwvevs konformaciul cvlilebebs, rac 
klotrimazolTan specifikuri pentakoordinaciuli struqturis [7-10] 
kompleqsur naerTSi iwvevs sruliad axali saxis simsivnis sawinaaRmdego 
moqmedebas.  
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SUMMARY 

SPECIFIC CONFORMATICAL STRUCTURE BIOCOMPLEXES OF CLOTRIMAZOLE AS A 

RESULT OF ENHANCEMENT OF CYTOTOXIC ACTIVITY  

Chigogidze N.Sh., Tsivtsivadze T.I., Nadiradze I.Sh., Petriashvili Zh.D .,  

Kldiashvili R.S and Japaridze R.J. 

Scientific Center of Biologically Active Substances, Georgian Technical University  
Coordinate compounds of bivalent copper with clotrimazole were synthesized, and their composition, structure 

and biological activity were studied. Preparation clotrimazole (bioligand) belongs to imidazole derivatives 

(heterocyclic compounds) which combine different kinds of biological activity: antimicrobial, antiprotozoal, 

antifungal etc. It is shown that, by the reaction of complex formation with 3d-metals, both mutual enhancement 

of these activities and the emergence of an essentially new anticancirogenic activity of a complex compound of 

copper with clotrimazole, better than that of cisplatin, are possible. Possible mechanisms of the anticancirogenic 

effect of such complexes are discussed. The concept of the role of the formation of the specific pentacoordinate 

structure of the complexes of Cu
2+

 with imidazole derivatives in the enhancement of cytotoxic activity of these 

preparations, we proposed, is confirmed. 

Keywords: tumor, cell, inhibitor, chemotherapy, imidazole derivatives. 
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CELL DESTRUCTION IN TUMOR FORMATIONS 

 

Kadagishvili L.G. 

 

V. Chavchanidze Institute  man of Cybernetics, Georgian Technical University 

Georgian Engineering Academy 

 
Abstract. The paper deals with the structural analysis of tumor formations. Every element of the cell has its own 

function. Oxidation reactions proceed in mitochondria which supply the cell with energy. In the cell, this energy 

originates a quantum process that, together with chromosomes and the cell membrane, generates a spin field 

among nucleolui. Energy is primary as an irritator in mitotic cell division. If by any reason the number of 

chromosomes in the cell is less or more than in the parent cell, this will cause significant changes in the cell. In 

particular, the cell division could be accelerated. The cell division rate depends on the quantum process 

generated in the cell, which also determines the character of a tumor formation. The location of tumor is covered 

by a kind of film. The information is transmitted to all cells like in the case of DNA. This must make it easier to 

obtain the information about the existence of a tumor formation. 

Keywords: tumor, cell, chromosomes, quantum process, spin energy. 

 
A man is part of the nature. His life proceeds with interaction with other parts of the nature 

which either support or interfere with his viability [1]. 

Great progress was achieved in one of the fields of cybernetics called bionics (from Ancient 

GrООФ ―ЛТШЧ‖ – element of life). In bionics conceptual research is at the interdisciplinary boundary. 

The systems approach is its basis. At the junction of physics and biology, there emerged biophysics 

which in systems analysis unites with chemistry, then with molecular biology and physiology. By 

systems analysis, cybernetics conceptually united the research of the whole process of life. Elementary 

physical and chemical processes and certain laws characteristic of both live and unanimate nature 

underlie biological processes and phenomena [1].  In this paper, we would like to present the structural 

analysis of cancer cells - tumor formations.  

The cell is the foundation of life. The cell underlies the growth, development and 

differentiation of vegetable and animal tissues. The cell size varies within the range from a few tenths 

of a nanometer to a few millimeters. The cells of different organs of the human body are of different 

size. For instance, the liver cells are quite large - 18-β0 µЦ, rОН ЛХШШН МОХХs КrО sШЦОаСКЭ sЦКХХОr – 

ХОss ЭСКЧ 8.5 µЦ. SШЦО ЛКМЭОrТК, ПШr ТЧstance, so-called micrococci are barely visible under the 

microscope. 

The main elements of the cell are a nucleus and cytoplasm. The cell structure is rather 

complex. The cell consists of: 1. Nucleus; 2. Cytoplasm; 3. Nucleolus; 4. Nuclear membrane; 5. Cell 

membrane; 6. Endoplasmic reticulum; 7. Mitochondria; 8. Golgi apparatus; 9.Centrioles; 10. Lyso-

some; 11. Vacuoles [2]. 

The nucleus and cytoplasm as a level of system integrity of the cell structure are the vital 

elements of the living body. The nucleus has a unique structure. It contains relatively large 

micromolecular formations – chromosomes. Each organism has a distinct number of chromosomes of 

a particular shape and internal structure. The nucleus also contains one or a few nucleolui.  

Every element of the cell has its own function. Oxidation reactions proceed in mitochondria 

which supply the cell with energy. In the cell, this energy originates a quantum process that, together 

with chromosomes and the cell membrane, generates a spin field among nucleolui.  Energy is primary 

as an irritator in mitotic cell division. Centrioles, organelles of cytoplasm, play an important role in the 

mitotic cell division. These organelles provide the processes proceeding in the cell with the obtained 

quantum energy [3]. 

The chromosomal theory of inheritance states that chromosomes contain self-replicating 

particles – РОЧОs ЭСКЭ КrО ЭrКЧsЦТЭЭОН ЭШ ЭСО ШrРКЧТsЦ’s ШППsЩrТЧР КЧН ЧОбЭ РОЧОrКЭТШЧs, КrО ЭСО ЛКsТs ШП 
inheritance of phenotypic traits. One or the other set of genes determines the character of individual 

development of a biological system.                

As every living being transmits its phenotypic traits to its descendants, the prediction of an 

individual occurs through the investigation of DNA. By using the exact methods for determination of 

the content of DNA in the nucleus, it was found that the amount of DNA in the nuclei of different cells 
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of the organisms of the same species, as well as the number of chromosomes, is constant. The constant 

content of DNA in the nucleus is testimony of the continuity of chromosomes between cell divisions.  

Before every division, the cell not only grows in size and becomes as big as a parent cell, but 

also the amount of DNA in the nucleus doubles. Only after that the cell division can begin. The 

synthesis of DNA is of primary importance for preparing for cell division. The synthesis of DNA is an 

enzymatic process. It is executed by an enzyme – DNA polymerase. In the interphase period, mitosis 

provides exact distribution of the doubled number of DNA molecules among daughter cells, and 

inheritance of the information stored in DNA. If by any reason the number of chromosomes in the cell 

is less or more than in the parent cell, this will cause significant changes in the cell and sometimes 

even its death. 

Information about the structure of protein is stored in DNA molecules. For protein synthesis, 

this information is replicated in ribosomes. This happens via RNA which is synthesized using DNA as 

a template. Adenosine triphosphate (ATP) plays an important role in cellular activity. The reactions 

proceeding in the cell are characterized by high energy efficiency, i.e. energy release takes place. This 

energy is used for current cellular activities, first of all, for protein biosynthesis. ATP Тs ―ЭСО ОЧОrРв 
МЮrrОЧМв‖ ПШr МОХХs аСТМС ЭrКЧsЩШrЭs МСОЦТМКХ ОЧОrРв аТЭСТЧ МОХХs ПШr ЦОЭКЛШХТsЦ. 

ATP is synthesized in cell mitochondria. Then it transfers to endoplasmic reticulum channels, to 

energy consumption sites. ATP undergoes breakdown in the cell which is accompanied by energy release. 

Just at this time all other energy change reactions proceed in the cell. This promotes biological changes. 

The energy release takes place. This energy generates the quantum  process that summarizes the quantum 

energy formed by the spin field together with the cell membrane. The energy is high as an irritator for 

mitotic cell division. The higher is the evolved energy, the faster is the cell division. As it increases 

naturally which is a normal process, it does not accelerate mitosis. At the same time, the faster is the cell 

division, the faster increases the number of cells for the given section. This moment is to be captured for the 

process of cancer formation which is close to the process of chromosome change. 

During tumor formation, the cell grows in size, the amount of DNA doubles, triples, etc. The 

cell division at a certain rate begins. The higher is the quantum energy, i.e. the energy generated for 

cell destruction, the faster is the tumor formation. The type of a tumor formation depends on the cell 

division rate. The earlier we reveal the destruction process in the cellular system, the easier is to stop 

this process, to localize it, to cut damaged cells, to cauterize or to repay the process until it propagated 

to other cells. 
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ɊȿɁɘɆȿ 

ɊȺɁɊɍɒȿɇɂȿ ɄɅȿɌɈɑɇɈɃ ɋɂɋɌȿɆɕ ȼ ɈɉɍɏɈɅȿȼɈɆ ɈȻɊȺɁɈȼȺɇɂɂ 

Ʉɚɞɚɝɢɲɜɢɥɢ Ʌ.Ƚ. 
ɂɧɫɬɢɬɭɬ ɤɢɛɟɪɧɟɬɢɤɢ ɢɦ. ȼ.ȼ. ɑɚɜɱɚɧɢɞɡɟ, Ƚɪɭɡɢɧɫɤɦɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ƚɪɭɡɢɧɫɤɚɹ ɢɧɠɟɧɟɪɧɚɹ ɚɤɚɞɟɦɢɹ 
ȼ ɫɬɚɬɶɟ ɞɚɟɬɫɹ ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɨɩɭɯɨɥɟɜɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ. ɍ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɤɥɟɬɤɢ ɫɜɨɹ ɮɭɧɤɰɢɹ. 
Ɉɤɢɫɥɢɬɟɥɶɧɵɟ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ, ɤɨɬɨɪɵɟ ɫɧɚɛɠfɸɬ ɤɥɟɬɤɭ ɷɧɟɪɝɢɟɣ. ɗɬɚ ɷɧɟɪɝɢɹ ɜ 
ɤɥɟɬɤɟ ɜɨɡɛɭɠɞɚɟɬ ɤɜɚɧɬɨɜɵɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɫɩɢɧɨɜɨɝɨ ɩɨɥɹ ɦɟɠɞɭ ɹɞɪɵɲɤɚɦɢ, 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɯɪɨɦɨɫɨɦɚɦɢ ɢ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɨɣ. Ɂɞɟɫɶ ɝɥɚɜɧɚɹ ɷɧɟɪɝɢɹ, ɤɚɤ ɪɚɡɞɪɚɠɢɬɟɥɶ ɜ 
ɦɢɬɨɬɢɱɟɫɤɨɦ ɞɟɥɟɧɢɢ ɤɥɟɬɨɤ. ȿɫɥɢ ɜ ɤɥɟɬɤɟ ɨɤɚɡɚɥɨɫɶ ɛɨɥɶɲɟ ɢɥɢ ɦɟɧɶɲɟ ɯɪɨɦɨɫɨɦ, ɱɟɦ ɜ 
ɪɨɞɢɬɟɥɶɫɤɨɣ ɤɥɟɬɤɟ, ɷɬɨ ɜɵɡɨɜɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɥɟɬɤɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɦɨɠɟɬ ɭɫɤɨɪɢɬɶɫɹ 
ɞɟɥɟɧɢɟ ɤɥɟɬɤɢ. ɋɤɨɪɨɫɬɶ ɞɟɥɟɧɢɹ ɤɥɟɬɤɢ ɡɚɜɢɫɢɬ ɨɬ ɜɨɡɧɢɤɲɟɝɨ ɜ ɤɥɟɬɤɟ ɤɜɚɧɬɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɱɬɨ 
ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪ ɨɩɭɯɨɥɟɜɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ. Ɇɟɫɬɨ ɨɩɭɯɨɥɟɜɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɤɪɵɜɚɟɬɫɹ 
ɫɜɨɟɨɛɪɚɡɧɨɣ ɩɥɟɧɤɨɣ. ɂɧɮɨɪɦɚɰɢɹ ɩɟɪɟɞɚɟɬɫɹ ɜɫɟɦ ɤɥɟɬɤɚɦ, ɤɚɤ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɭɱɚɟ ȾɇɄ. ɗɬɨ 
ɨɛɥɟɝɱɚɟɬ ɩɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɳɩɭɯɨɥɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɩɭɯɨɥɶ, ɤɥɟɬɤɚ, ɯɪɨɦɨɫɨɦɚ, ɤɜɚɧɬɨɜɵɣ ɩɪɨɰɟɫɫ, ɫɩɢɧɨɜɚɹ ɷɧɟɪɝɢɹ.  
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inovaciuri teqnologiiT damzadebuli wiTeli sadeserto Rvino 

 

kekeliZe i.a. 
 

saqarTvelos agraruli universiteti, mevenaxeobis da meRvineobis instituti 
 

Rvino SedgenilobiT mdidar produqts warmoadgens. mecnierulad 
dadgenilia rom masSi  1000-ze meti komponentia. wiTeli Rvinoebis intensiuri 
kvleva daiwyo mas Semdeg, rac cnobili gaxda „franguli paradoqsis“ Sesaxeb 
- 1991 wlidan. yurZnis biologiurad aqtiuri nivTierebebidan, fenoluri 
nivTierebebi monawileoben Rvinis tipis CamoyalibebaSi; gavlenas axdenen 
gemoze, ferze, gamWvirvalobaze, stabilurobaze, antioqsidantur  Tvisebebze. 

dReisaTvis saerTaSoriso bazarze wiTel Rvinoebze mzardi moTxovna 
ganpirobebulia maTi antioqsidanturi aqtivobiT. amavdroulad, antioqsidan-
tur efeqtsa da fenoluri naerTebis raodenobas Soris arsebuli dadebiTi 
korelaciidan gamomdinare, mxolod im wiTel Rvinoebs aqvT antioqsidanturi 
efeqti, romlebSic maRalia maTi koncentracia [1-6]. mravalricxovani gamo-
kvlevebiT dadasturebulia, rom fenoluri naerTebis raodenoba RvinoSi 
damokidebulia yurZnis jiSze, vazis zrdis adgilze, damzadebis teqnolo-
giaze [7-14].  

wiTeli Rvinis antioqsidanturi Semcvelobis zrda (anu fenoluri 
nivTierebebis maRali koncentracia) aqtualuri sakiTxia, radgan msoflio 
masStabiT matulobs moTxovna antioqsidantebiT mdidar produqtebze da maT 
Soris Rvinoze. 

sadeserto Rvinoebi - popularuli specialuri tipis Rvinoebia; maT 
msoflios mraval qveyanaSi awarmoeben (portugalia, italia, ungreTi, 
espaneTi, safrangeTi, argentina, germania, moldova, bulgareTi, ruseTi), 
magram mecnierulad jer kidev naklebad Seswavlilia. 

samuSaos mizania, durdos maceraciis teqnologiuri xerxis gaumjo-
besebiT fenolebiT gamdidrebuli maRali antioqsidanturi aqtivobis wiTeli 
sadeserto Rvinis damzadebis inovaciuri teqnologiis SemuSaveba. 

kvlevis obieqtebi iyo 2015 wlis rTvelis sezonze saferavidan dam-
zadebuli wiTeli sadeserto Rvinis sakontrolo da sacdeli  nimuSebi da 
mSrali wiTeli Rvinis nimuSi. 

sadeserto Rvinis sakontrolo nimuSi damzadda standartuli teqno-
logiuri sqemiT: klertis mocileba;  daWyletva; durdos gacxeleba 70˚C-mde; 
β5˚C -mde gacivebis Semdeg  Rvinis safuaris  Setana; durdos gamownexa da 
alkoholuri duRilis Sewyveta spirt-reqtifikatiT [15], rodesac maduRar 
areSi darCa dauduRari Saqari 16% [16, 17]. miiReba Rvino kondiciebiT: Saqria-
noba 16% da alkoholis Semcveloba 16 % moc. 

Cvens mier damzadda sadeserto Rvinis nimuSis oTxi sacdeli varianti. 
sacdeli nimuSebis fenoluri nivTierebebiT gamdidrebisaTvis integri-

rebuli iqna perspeqtiuli teqnologiuri midgomebi, romelic warmoadgens 
Cveni samuSaos „know-how“-s.  

sadeserto da mSrali Rvinis nimuSebSi Catarda enoqimiuri da orga-
noleptikuri maxasiaTeblebis gamokvleva: titruli da mqrolavi mJavianoba,  
pH – standartuli meTodebis gamoyenebiT; fenoluri nivTierebebis jamuri 
raodenobis – folin-Cokalteus reaqtivis gamoyenebiT, kolorimetruli 
meTodiT; Sefervis intensiobis (420, 520, 620nm) da Sefervis tonalobis – 
speqtrofotometruli meTodiT [18]. kvlevis Sedegebi mocemulia cxrilSi. 
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kvlevis obieqtebis enologiuri gamokvlevis Sedegebi 
 

enoqimiuri da 
organoleptikuri  
maxasiaTeblebi 

 

kvlevis obieqtebi 
sadeserto Rvinis nimuSebi 

mSrali 
sakontrolo 

nimuSi 
sacdeli nimuSebis  variantebi 
1 2 3 4  

titruli 
mJavianoba, g/l 

4,93 7,24 7,56 4,61 7,56 5,59 

mqrolavi 
mJavianoba g/l 

0,18 0,23 0,23 0,18 0,29 0,44 

pHaqtiuri 
mJavianoba 

3,85 3,75 3,82 4,02 4,02 3,79 

fenoluri 
nivTierebebis jami, 

mg/l 
2588 3237 4139 3599 3909 2340 

feris intensioba, I 37,7 33,9 48,15 41,65 43,5 17,05 

Sefervis 
tonaloba, N 

0,664 0,827 0,853 0,652 0,806 0,754 

sadegustacio 
Sefaseba, bali 

8,1 8,2 8,4 8,25 8,3 – 

 
    

 
miRebuli Sedegebis analizidan Cans, rom sadeserto Rvinis nimuSebSi 

mSrali Rvinis nimuSTan SedarebiT, maRalia  fenoluri nivTierebebis 
raodenoba,  feris intensiobisa da Sefervis tonalobis  maCveneblebi.  

sacdeli nimuSebis variantebidan, aRniSnuli enoqimiuri maxasiaTeb-
lebis maRali SemcvelobiT gamoirCeva fenoluri nivTierebebiT gamdidrebis 
inovaciuri teqnologiuri xerxis (Cveni samuSaos „know-how“) gamoyenebiT 
damzadebuli meore variantis nimuSi. aseve misi sadegustacio Sefasebac 
maRalia sakontrolo nimuSTan da danarCen sacdel nimuSebTan SedarebiT. 

miRebuli kvlevis Sedegebi gviCvenebs inovaciuri teqnologiiT damza-
debuli sadeserto Rvinis nimuSis, rogorc maRalxarisxiani sasargeblo sas-
meli produqtis  upiratesobas, standartuli teqnologiiT damzadebul sade-
serto da mSrali Rvinis nimuSebTan SedarebiT. gamokvlevebi am mimarTu-
lebiT grZeldeba. 
 
aRniSnuli samuSao ganxorcielda ssip SoTa rusTavelis erovnuli samecniero 
fondis dafinansebiT, granti №DO/363/10-160/14. 
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SUMMARY 

RED DESSERT WINE PREPARED BY INNOVATIVE TECHNOLOGY 

Kekelidze I.A. 

Institute of Viticulture and Oenology, Agricultural University of Georgia 
The paper deals with the enological characteristics of red wine samples prepared from grape cultivar Saperavi: 

dessert type – with standard technology and with various technological techniques with the aim of enrichment 

with phenolic compounds; dry type - with standard technology. It is shown that red dessert wine prepared by 

innovative technology is much more advanced as the high-quality drink in comparison with the standard dessert 

and dry red wine samples.  

Keywords: red dessert wine, red dry wine, enological characteristics. 
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ȺɅȿɄɋȺɇȾɊ əɄɈȼɅȿȼɂɑ ɅȿɊɇȿɊ 

 
Ⱥɥɟɤɫɚɧɞɪ əɤɨɜɥɟɜɢɱ Ʌɟɪɧɟɪ ɪɨɞɢɥɫɹ ɜ ɝ. ȼɢɧɢɰɚ. ɋ 

ɪɚɧɧɟɝɨ ɞɟɬɫɬɜɚ ɜɵɞɟɥɹɥɫɹ ɫɪɟɞɢ ɫɜɟɪɫɬɧɢɤɨɜ ɪɟɞɤɨɣ ɥɸɛɨɡ-
ɧɚɬɟɥɶɧɨɫɬɶɸ ɢ ɭɦɟɧɢɟɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɤɧɢɝ 
«ɞɨɤɚɩɵɜɚɬɶɫɹ ɞɨ ɢɫɬɢɧɵ». Ȼɵɥ ɡɚɹɞɥɵɦ ɪɚɞɢɨɥɸɛɢɬɟɥɟɦ. ɉɨɫ-
ɬɭɩɢɥ ɜ ȼɢɧɢɰɤɢɣ ɢɧɞɭɫɬɪɢɚɥɶɧɵɣ ɬɟɯɧɢɤɭɦ, ɩɨɥɭɱɢɥ ɫɩɟ-
ɰɢɚɥɶɧɨɫɬɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɚ. ȼ 18 ɥɟɬ Ⱥ.ə. Ʌɟɪɧɟɪ  ɩɟɪɟɟɡɠɚɟɬ ɜ 
Ɇɨɫɤɜɭ, ɝɞɟ ɪɚɛɨɬɚɟɬ ɜ ɋɬɚɧɞɚɪɬɝɨɪɩɪɨɟɤɬɟ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɨɫɬɭɩɚɟɬ ɜɨ ɜɬɭɡ, ɨɬɤɭɞɚ ɧɚ ɬɪɟɬɶɟɦ ɤɭɪɫɟ ɩɟɪɟɜɨɞɢɬɫɹ ɜ Ɇɗɂ. 
ȼ 1λ40 ɝ. Ⱥ.ə. Ʌɟɧɟɪ ɡɚɳɢɳɚɟɬ ɜ Ɇɗɂ ɤɚɧɞɢɞɚɬɫɤɭɸ ɞɢɫɫɟɪ-
ɬɚɰɢɸ, ɩɨɫɜɹɳɺɧɧɭɸ ɜɨɩɪɨɫɚɦ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɨɪɚɦɢ. 

ȼɫɤɨɪɟ ɩɨɫɥɟ ɜɨɣɧɵ Ⱥɥɟɤɫɚɧɞɪɚ əɤɨɜɥɟɜɢɱɚ ɩɪɢɝɥɚɲɚɸɬ 
ɧɚ ɪɚɛɨɬɭ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɡɚɲɢɬɵ ɞɨɤɬɨɪɫɤɨɣ 
ɞɢɫɫɟɪɬɚɰɢɢ ɜ ɢɧɫɬɢɬɭɬ  ɚɜɬɨɦɚɬɢɤɢ ɢ ɬɟɥɟɦɟɯɚɧɢɤɢ Ⱥɇ ɋɋɋɊ. 
ɂɦɟɧɧɨ ɜ ɂȺɌɟ ɹɪɤɨ ɩɪɨɹɜɢɥɢɫɶ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɧɚɭɱɧɨɣ ɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ. Ⱥ.ə. Ʌɟɪɧɟɪ ɹɜɥɹɟɬɫɹ  ɨɞɧɢɦ ɢɡ 
ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɜ ɬɟɨɪɢɢ ɢ ɩɪɚɤɬɢɤɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ. Ёɳɟ ɜ ɧɚɱɚɥɟ 50-ɯ ɝɨɞɨɜ ɏɏ ɜɟɤɚ ɢɦ ɨɩɭɛɥɢɤɨɜɚɧɚ 
ɫɬɚɬɶɹ «ɍɥɭɱɲɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ 

ɤɨɦɩɟɧɫɚɬɨɪɨɜ ɩɪɢ ɩɨɦɨɳɢ ɧɟɥɢɧɟɣɧɵɯ ɫɜɹɡɟɣ», ɜɵɲɟɞɲɚɹ ɜ ɠɭɪɧɚɥɟ «Ⱥɜɬɨɦɚɬɢɤɚ ɢ 
ɬɟɥɟɦɟɯɚɧɢɤɚ». Ɋɟɡɭɥɶɬɚɬɵ ɷɬɨɣ ɪɚɛɨɬɵ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɩɨɜɵɲɟɧɢɢ  ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɩɨɬɟɧɰɢɨɦɟɬɪɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ  ɜ ɤɚɱɟɫɬɜɟ ɜɬɨɪɢɱɧɵɯ ɩɪɢɛɨɪɨɜ 
ɩɪɢ ɢɡɦɟɪɟɧɢɢ  ɦɧɨɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ȼ 1λ54 ɝ. Ⱥ.ə. Ʌɟɪɧɟɪ ɩɭɛɥɢɤɭɟɬ ɜ «Ⱥɜɬɨɦɚɬɢɤɟ ɢ ɬɟɥɟɦɟɯɚɧɢɤɟ» ɧɨɜɭɸ ɮɭɧɞɚɦɟɧ-
ɬɚɥɶɧɭɸ ɪɚɛɨɬɭ ɩɨ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ «Ɇɟɬɨɞ ɢɡɨɯɪɨɧ  ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ», ɝɞɟ ɜɩɟɪɜɵɟ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɨɛɥɚɫɬɟɣ ɢɡɨɯɪɨɧ ɜ ɜɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɭɩɪɚɜɥɹɟɦɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ɉɫɦɵɫɥɟɧɢɟ ɧɨɜɨɝɨ ɩɨɧɹɬɢɹ ɜ ɩɨɫɥɟɞɫɬɜɢɢ ɨɤɚɡɚɥɨ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɨɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ ɢ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
Ɋɢɱɚɪɞɚ Ȼɟɥɞɦɚɧɚ, ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɫɬɢ ɢɡɨɯɪɨɧ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɟɱɟɧɢɹ ɮɭɧɤɰɢɢ 
Ȼɟɥɞɦɚɧɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

ȼ 1λ60 ɝ. ȼ Ⱦɨɤɥɚɞɚɯ Ⱥɇ ɋɋɋɊ ɢ ɜ ɠɭɪɧɚɥɟ «Ⱥɜɬɨɦɚɬɢɤɚ ɢ ɬɟɥɟɦɟɯɚɧɢɤɚ» Ⱥ.ə. Ʌɟɪɧɟɪ 
(ɫɨɜɦɟɫɬɧɨ ɫ Ⱥ.Ƚ. Ȼɭɬɤɨɜɫɤɢɦ) ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ  ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɟ ɪɚɛɨɬɵ, ɩɨɥɨɠɢɜɲɢɟ 
ɧɚɱɚɥɨ ɪɚɡɜɢɬɢɸ ɧɨɜɨɝɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ – ɭɩɪɚɜɥɟɧɢɹ 
ɫɢɫɬɟɦɚɦɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

ȼ ɫɟɪɟɞɢɧɟ 60-ɯ ɝɝ. Ⱥɥɟɤɫɚɧɞɪ əɤɨɜɥɟɜɢɱ ɫɬɚɧɨɜɢɬɫɹ ɩɢɨɧɟɪɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɩɪɨɫɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɶɲɢɦɢ ɫɢɫɬɟɦɚɦɢ – ɧɨɜɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɩɨɪɨɞɢɜɲɟɝɨ ɧɟɫɤɨɥɶɤɨ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɥɢɧɢɣ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɉɧ ɫɨɡɞɚɟɬ ɜ ɂȺɌɟ ɧɨɜɵɣ ɨɬɞɟɥ (Ɉɬɞɟɥ ɛɨɥɶɲɢɯ ɫɢɫɬɟɦ) ɢ ɧɚɡɧɚɱɚɟɬɫɹ ɟɝɨ 
ɪɭɤɨɜɨɞɢɬɟɥɟɦ. Ɍɨɝɞɚ ɠɟ ɟɳɺ ɨɞɧɢɦ ɧɚɭɱɧɵɦ ɢɧɬɟɪɟɫɨɦ Ⱥɥɟɤɫɚɧɞɪɚ əɤɨɜɥɟɜɢɱɚ ɫɬɚɥɢ ɡɚɞɚɱɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ.  ȼɦɟɫɬɟ ɫ ȼ.ɇ.  ȼɚɧɩɧɢɤɨɦ ɢ Ⱥ.ə. ɑɟɪɜɨɧɟɧɤɢɫɨɦ ɨɧ ɩɪɟɞɥɨɠɢɥ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ ɦɨɳɧɵɣ ɦɟɬɨɞ, ɩɨɥɭɱɢɜɲɢɣ ɧɚɡɜɚɧɢɟ «ɨɛɨɛɳɟɧɧɨɝɨ ɩɨɪɬɪɟɬɚ». 

ɋ 1λ67 ɝ. Ⱥ.ə. Ʌɟɪɧɟɪ ɫɬɚɧɨɜɢɬɫɹ ɨɞɧɢɦ ɢɡ ɢɧɢɰɢɚɬɨɪɨɜ ɩɨɫɬɚɧɨɜɤɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɶɲɢɦɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ. Ɍɨɝɞɚ ɠɟ Ⱥɥɟɤɫɚɧɞɪ 
əɤɨɜɥɟɜɢɱ ɡɚɧɢɦɚɟɬɫɹ ɢɡɭɱɟɧɢɟɦ ɪɨɥɢ ɱɟɥɨɜɟɤɚ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɢ ɮɨɪɦɭɥɢɪɭɟɬ ɜɦɟɫɬɟ ɫ 
ȼ.ɇ. Ȼɭɪɤɨɜɵɦ ɩɪɢɧɰɢɩ ɨɬɤɪɵɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ ɬɟɨɪɢɢ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ. 

ȼ ɧɚɱɚɥɟ 70-ɯ Ⱥ.ə. Ʌɟɪɧɟɪ ɢ ɟɝɨ ɫɟɦɶɹ ɩɪɢɧɢɦɚɸɬ ɪɟɲɟɧɢɟ ɨɛ ɨɬɴɟɡɞɟ ɜ ɂɡɪɚɢɥɶ, ɢ ɫ 
ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɧɚɱɢɧɚɟɬɫɹ ɞɨɥɝɢɣ ɨɬɪɟɡɨɤ ɟɝɨ «ɠɢɡɧɢ ɜ ɨɬɤɚɡɟ». Ɋɚɡɪɟɲɟɧɢɟ ɧɚ ɜɵɟɡɞ  
Ⱥɥɟɤɫɚɧɞɪ əɤɨɜɥɟɜɢɱ ɩɨɥɭɱɚɟɬ ɬɨɥɶɤɨ ɱɟɪɟɡ 17 ɥɟɬ. ȼ ɷɬɢ ɝɨɞɵ ɨɧ ɨɪɝɚɧɢɡɭɟɬ ɧɚɭɱɧɵɣ ɫɟɦɢɧɚɪ 
«ɨɬɤɚɡɧɢɤɨɜ», ɫɨɜɟɬɫɤɢɯ ɭɱɟɧɧɵɯ, ɞɨɥɝɢɟ ɝɨɞɵ ɧɟ ɩɨɥɭɱɚɜɲɢɯ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɜɵɟɡɞ ɢɡ ɋɋɋɊ ɢ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɨɬ ɧɚɭɱɧɨɝɨ ɨɛɳɟɧɢɹ ɫ ɤɨɥɥɟɝɚɦɢ. 

ȼ ɧɚɱɚɥɟ 1λ88 ɝ. Ⱥɥɟɤɫɚɧɞɪɭ əɤɨɜɥɟɜɢɱɭ ɪɚɡɪɟɲɚɸɬ ɜɵɟɯɚɬɶ ɜ ɂɡɪɚɢɥɶ, ɝɞɟ ɨɧ ɫɪɚɡɭ ɠɟ 
ɫɬɚɧɨɜɢɬɫɹ ɩɪɨɮɟɫɫɨɪɨɦ ɂɧɫɬɢɬɭɬɚ ɢɦ. ȼɟɣɰɦɚɧɚ. ȿɳɟ ɧɚɯɨɞɹɫɶ ɜ ɋɋɋɊ, Ⱥ.ə. Ʌɟɪɧɟɪ ɧɚɲɟɥ ɞɥɹ 
ɫɟɛɹ ɧɨɜɭɸ ɩɟɪɫɩɟɤɬɢɜɧɭɸ ɬɟɦɭ – ɫɨɡɞɚɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɟɪɞɰɚ. Ɉɞɧɚɤɨ ɜ ɂɧɫɬɢɬɭɬɟ ȼɟɣɰɦɚɧɚ 
ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɢɞɟɹ Ʌɟɪɧɟɪɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɩɪɚɤɬɢɤɟ ɫɩɟɰɢɚɥɢɫɬɵ-ɬɟɯɧɨɥɨɝɢ ɟɳɟ 
ɧɟ ɩɪɢɞɭɦɚɥɢ ɦɚɬɟɪɢɚɥɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɢɡɝɨɬɨɜɢɬɶ «ɧɚɫɨɫ Ʌɟɪɧɟɪɚ». 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɠɢɡɧɢ Ⱥɥɟɤɫɚɧɞɪ əɤɨɜɥɟɜɢɱ ɪɟɚɥɢɡɨɜɚɥ ɧɨɜɭɸ ɢɞɟɸ – ɢɡɵɫɤɚɧɢɟ 
ɫɩɨɫɨɛɨɜ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɟɞɦɟɬɨɜ «ɛɟɡ ɬɪɟɧɢɹ». ȼɦɟɫɬɟ ɫ Ȼ. Ʌɟɜɢɧɵɦ ɨɧ ɩɪɢɞɭɦɵɜɚɟɬ ɬɟɨɪɢɸ 
ɢ ɫɨɡɞɚɟɬ ɧɨɜɵɣ ɬɢɩ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɢɠɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɫ ɩɪɟɞɟɥɶɧɨ ɦɚɥɵɦɢ ɩɨɬɟɪɹɦɢ ɧɚ 
ɬɪɟɧɢɟ ɦɨɠɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɨ ɨɱɟɧɶ ɭɡɤɢɦ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɤɚɧɚɥɚɦ (ɬɢɩɚ ɤɪɨɜɟɧɨɫɧɵɯ 
ɫɨɫɭɞɨɜ, ɤɢɲɟɱɧɢɤɚ), - ɷɬɨɬ ɬɢɩ ɞɜɢɠɢɬɟɥɹ ɧɚɲɟɥ ɭɫɩɟɲɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɦɟɞɢɰɢɧɟ. 

Ɉɬɩɪɚɡɞɧɨɜɚɜ λ0-ɥɟɬɢɟ Ⱥ.ə. Ʌɟɪɧɟɪ ɩɪɢɫɬɭɩɢɥ ɤ ɧɚɩɢɫɚɧɢɸ ɤɧɢɝɢ ɨ ɧɚɭɱɧɵɯ ɩɪɢɧɰɢɩɚɯ 
ɩɨɫɬɪɨɟɧɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɚ. ɍɜɵ, ɡɚɜɟɪɲɢɬɶ ɷɬɨɬ ɬɪɭɞ ɟɦɭ ɧɟ ɭɞɚɥɨɫɶ.  
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