
ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  

95 
ɏɚɪɱɨɜɚ�ɧɚɭɤɚ�ɿ�ɬɟɯɧɨɥɨɝɿɹ  ʋ 2(15)*2011 

ɪɨɲɨ�ɫɨɱɟɬɚɸɬɫɹ, ɫ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ. 
ɉɨɝɪɟɲɧɨɫɬɶ� ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ� ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɩɪɨɰɟɫɫɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ-
ɫɭɲɤɢ� ɩɪɨɞɭɤɬɨɜ� ɨɬ� ɧɚɱɚɥɶɧɨɣ� ɞɨ� ɡɚɞɚɧɧɨɣ� ɜɥɚɠɧɨ-
ɫɬɢ�ɞɥɹ�ɜɫɟɯ�ɩɟɪɢɨɞɨɜ�ɫɭɲɤɢ�ɧɟ�ɩɪɟɜɵɲɚɟɬ 10%, ɱɬɨ 
ɜɩɨɥɧɟ� ɩɪɢɟɦɥɟɦɨ� ɞɥɹ� ɩɪɨɟɤɬɧɨɝɨ� ɢɧɠɟɧɟɪɧɨɝɨ� ɪɚɫ-
ɱɟɬɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ�ɋȼɑ�ɫɭɲɢɥɨɤ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɋȼɑ-
ɫɭɲɢɥɤɢ�ɩɨ�ɜɵɫɭɲɟɧɧɨɦɭ�ɩɪɨɞɭɤɬɭ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɢ-
ɧɟɬɢɤɨɣ� ɟɝɨ� ɫɭɲɤɢ� ɤɨɧɤɪɟɬɧɨɝɨ� ɩɪɨɞɭɤɬɚ� ɩɪɢ� ɜɵ-
ɛɪɚɧɧɵɯ�ɩɚɪɚɦɟɬɪɚɯ�ɩɪɨɰɟɫɫɚ�ɨɛɟɡɜɨɠɢɜɚɧɢɹ, ɚ�ɬɚɤɠɟ 
ɜɥɚɠɧɨɫɬɶɸ�ɩɪɨɞɭɤɬɚ�ɞɨ�ɢ�ɩɨɫɥɟ�ɫɭɲɤɢ.    

t

)(60 WɩɪɆ
ɉ

D-×
= , ɤɝ�ɱɚɫ                                     (8) 

ɝɞɟ Mɩɪ – ɦɚɫɫɚ�ɡɚɝɪɭɠɟɧɧɨɝɨ�ɩɪɨɞɭɤɬɚ, ɤɝ; 
DW – ɦɚɫɫɚ�ɭɞɚɥɟɧɧɨɣ�ɜɥɚɝɢ�ɢɡ�ɩɪɨɞɭɤɬɚ�ɡɚ�ɜɪɟ-

ɦɹt, ɤɝ; 
t -  ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ�ɫɭɲɤɢ�ɩɪɨɞɭɤɬɚ�ɩɪɢ�ɜɵ-

ɛɪɚɧɧɵɯ�ɩɚɪɚɦɟɬɪɚɯ�ɩɪɨɰɟɫɫɚ�ɨɛɟɡɜɨɠɢɜɚɧɢɹ, ɦɢɧ. 
 
Ɉɫɧɨɜɧɵɦɢ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɪɚ-

ɛɨɱɟɣ� ɤɚɦɟɪɵ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɋȼɑ�ɫɭɲɢɥɤɢ� ɧɟ-
ɩɪɟɪɵɜɧɨɝɨ� ɩɪɢɧɰɢɩɚ� ɞɟɣɫɬɜɢɹ� ɹɜɥɹɸɬɫɹ� ɞɥɢɧɚ� ɢ 

ɲɢɪɢɧɚ�ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ�ɪɟɲɟɬɤɢ.  
Ⱦɥɢɧɚ� ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ� ɪɟɲɺɬɤɢ� ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ�ɩɨ�ɫɥɟɞɭɸɳɟɣ�ɡɚɜɢɫɢɦɨɫɬɢ: 
ut××=60L , ɦ                                                       (9) 

ɝɞɟ t - ɜɪɟɦɹ� ɫɭɲɤɢ�ɩɪɨɞɭɤɬɚ� ɨɬ� ɧɚɱɚɥɶɧɨɣ Wɇ 
ɞɨ�ɡɚɞɚɧɧɨɣ WɄ�ɜɥɚɠɧɨɫɬɢ, ɦɢɧ; 

u  - ɫɤɨɪɨɫɬɶ�ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ�ɩɪɨɞɭɤɬɚ�ɱɟɪɟɡ 
ɪɚɛɨɱɭɸ�ɤɚɦɟɪɭ�ɫɭɲɢɥɤɢ, ɦ�ɫ.     

ɒɢɪɢɧɭ�ɩɥɨɫɤɨɣ�ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ�ɪɟɲɺɬ-
ɤɢ�ɧɚɯɨɞɢɦ�ɩɨ�ɫɥɟɞɭɸɳɟɣ�ɡɚɜɢɫɢɦɨɫɬɢ: 

,
HLɩɪ

ɩɪM
S

××
=

r �ɦ                                                 (10) 

ɝɞɟ Mɩɪ – ɦɚɫɫɚ�ɡɚɝɪɭɠɟɧɧɨɝɨ�ɩɪɨɞɭɤɬɚ, ɤɝ;   
ɩɪr - ɧɚɫɵɩɧɚɹ�ɩɥɨɬɧɨɫɬɶ�ɩɪɨɞɭɤɬɚ, ɤɝ�ɦ3; 

L – ɞɥɢɧɚ�ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ�ɪɟɲɟɬɤɢ, ɦ; 
ɇ – ɜɵɫɨɬɚ� ɫɥɨɹ� ɩɪɨɞɭɤɬɚ� ɧɚɞ� ɝɚɡɨɪɚɫɩɪɟɞɟɥɢ-

ɬɟɥɶɧɨɣ�ɪɟɲɟɬɤɨɣ, ɦ. 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɤɢɧɟɬɢɤɢ�ɩɪɨɰɟɫɫɚ 

ɫɭɲɤɢ� ɪɚɫɬɢɬɟɥɶɧɨɝɨ� ɫɵɪɶɹ� ɦɨɠɟɬ� ɛɵɬɶ� ɩɨɥɨɠɟɧ� ɜ 
ɨɫɧɨɜɭ� ɢɧɠɟɧɟɪɧɨɝɨ� ɪɚɫɱɟɬɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ� ɫɭ-
ɲɢɥɨɤ� ɫ� ɤɨɧɜɟɤɬɢɜɧɵɦ� ɷɧɟɪɝɨɩɨɞɜɨɞɨɦ� ɢ� ɋȼɑ-
ɢɡɥɭɱɟɧɢɟɦ.  
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ɉɈɇɈɆȺɊȿɇɄɈ�ȼ�ȼ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ. 
ɇɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ, ɦ. Ʉɢʀɜ 

ȾɈɋɅȱȾɀȿɇɇə�ȿɎȿɄɌɂȼɇɈɋɌȱ�ȿɅȿɄɌɊɈɈȻɊɈȻɄɂ  
ɐɍɄɊɈȼɈȽɈ�ɊɈɁɑɂɇɍ�ȿɅȿɄɌɊɂɑɇɂɆ�ɉɈɅȿɆ 

ȼ�ɫɬɚɬɬɿ� ɪɨɡɝɥɹɧɭɬɨ� ɜɩɥɢɜ� ɡɦɿɧɧɨɝɨ, ɩɨɫɬɿɣɧɨɝɨ� ɬɚ� ɤɨɦɛɿɧɨ-
ɜɚɧɨɝɨ�ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ�ɧɚ�ɹɤɿɫɧɿ�ɩɨɤɚɡɧɢɤɢ�ɰɭɤɪɨɜɨɝɨ� ɪɨɡɱɢɧɭ. 
ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɜɢɜɱɟɧɧɹ� ɰɶɨɝɨ� ɹɜɢɳɚ� ɡɚɩɪɨɩɨ-
ɧɨɜɚɧɚ� ɪɚɰɿɨɧɚɥɶɧɚ� ɩɨɫɥɿɞɨɜɧɿɫɬɶ� ɨɛɪɨɛɤɢ� ɰɭɤɪɨɜɨɝɨ� ɪɨɡɱɢɧɭ. 

ɋɩɨɫɿɛ�ɟɥɟɤɬɪɨɨɛɪɨɛɤɢ�ɡɚɯɢɳɟɧɢɣ�ɩɚɬɟɧɬɨɦ�ɍɤɪɚʀɧɢ�ɧɚ�ɜɢɧɚɯɿɞ�ɬɚ 
ɤɨɪɢɫɧɭ�ɦɨɞɟɥɶ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɰɭɤɪɨɜɢɣ�ɪɨɡɱɢɧ, ɟɥɟɤɬɪɢɱɧɟ�ɩɨɥɟ, ɟɥɟɤɬɪɨ-
ɫɬɚɬɢɱɧɢɣ�ɫɬɚɤɚɧ, ɱɢɫɬɨɬɚ. 

  

Ɋɢɫ. 3. Ʉɪɢɜɵɟ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ�ɫɭɲɤɢ�ɫɨɥɨɦɤɢ 
ɫɜɟɤɥɵ: 1- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɤɪɢɜɚɹ;  

2 –ɪɚɫɱɟɬɧɚɹ�ɤɪɢɜɚɹ 

Ɋɢɫ. 4. Ʉɪɢɜɵɟ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ�ɫɭɲɤɢ�ɫɨɥɨɦɤɢ 
ɦɨɪɤɨɜɢ: 1- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɤɪɢɜɚɹ;  

2 – ɪɚɫɱɟɬɧɚɹ�ɤɪɢɜɚɹ 
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In the article influence of variable, permanent and combined elec-
tric-field is considered on the quality indexes of saccharine solution. As 
a result of experimental study of this phenomenon the rational sequence 
of treatment of saccharine solution is offered. The method of electro-
treatment is protected by the patent of Ukraine on an useful model.  

Keywords: saccharine solution, electric field, electrostatic glass, 
cleanness. 

ȿɥɟɤɬɪɨɨɛɪɨɛɤɚ� ɯɚɪɱɨɜɢɯ� ɫɟɪɟɞɨɜɢɳ� ɽ� ɨɞɧɢɦ� ɡ 
ɩɟɪɫɩɟɤɬɢɜɧɢɯ� ɦɟɬɨɞɿɜ� ɡɚɛɟɡɩɟɱɟɧɧɹ� ɧɚɫɟɥɟɧɧɹ� ɩɪɨ-
ɞɭɤɬɚɦɢ� ɯɚɪɱɭɜɚɧɧɹ� ɜɢɫɨɤɨʀ� ɹɤɨɫɬɿ. Ɉɞɧɢɦ� ɡ� ɬɚɤɢɯ 
ɧɚɩɪɹɦɿɜ� ɟɥɟɤɬɪɨɨɛɪɨɛɤɢ� ɽ� ɨɛɪɨɛɤɚ� ɪɿɞɤɢɯ� ɯɚɪɱɨɜɢɯ 
ɩɪɨɞɭɤɬɿɜ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɟɥɟɤɬɪɢɱɧɢɯ� ɬɚ� ɦɚɝɧɿɬɧɨ-
ɿɦɩɭɥɶɫɧɢɯ� ɩɨɥɿɜ. Ɉɫɧɨɜɧɢɦɢ� ɩɟɪɟɜɚɝɚɦɢ� ɬɚɤɢɯ� ɬɟɯ-
ɧɨɥɨɝɿɣ� ɽ� ɩɨɜɧɟ� ɡɛɟɪɟɠɟɧɧɹ� ɯɚɪɱɨɜɢɯ� ɬɚ� ɫɦɚɤɨɜɢɯ 
ɜɥɚɫɬɢɜɨɫɬɟɣ�ɩɪɨɞɭɤɬɭ, ʀɯ�ɭɧɿɜɟɪɫɚɥɶɧɿɫɬɶ [1]. 

ȼɿɞɨɦɿ�ɬɚɤɨɠ�ɪɨɛɨɬɢ�ɩɨ�ɨɛɪɨɛɰɿ�ɰɭɤɪɨɜɢɯ�ɛɭɪɹ-
ɤɿɜ� ɬɚ� ɪɨɡɱɢɧɿɜ� ɟɥɟɤɬɪɢɱɧɢɦ� ɫɬɪɭɦɨɦ� ɜ� ɟɥɟɤɬɪɨɩɥɚɡ-
ɦɨɥɿɡɚɬɨɪɿ [2]. ɉɪɢ�ɰɶɨɦɭ�ɞɨɫɹɝɚɥɨɫɶ� ɡɛɿɥɶɲɟɧɧɹ�ɜɢ-
ɯɨɞɭ�ɰɭɤɪɭ, ɩɿɞɜɢɳɟɧɧɹ�ɹɤɿɫɧɢɯ�ɩɨɤɚɡɧɢɤɿɜ�ɰɭɤɪɨɜɨ-
ɝɨ� ɪɨɡɱɢɧɭ� ɜ� ɩɨɪɿɜɧɹɧɧɿ� ɡ� ɧɟɨɛɪɨɛɥɟɧɢɦ� ɪɨɡɱɢɧɨɦ. 
ɉɨɡɢɬɢɜɧɢɣ�ɟɮɟɤɬ�ɜɿɞ�ɞɿʀ�ɟɥɟɤɬɪɢɱɧɨɝɨ�ɫɬɪɭɦɭ�ɡɚɛɟɡ-
ɩɟɱɭɽɬɶɫɹ� ɬɢɦ, ɳɨ� ɩɿɞ� ɣɨɝɨ� ɞɿɽɸ� ɧɟɰɭɤɪɢ� ɜ� ɪɨɡɱɢɧɿ 
ɤɨɧɰɟɧɬɪɭɸɬɶɫɹ�ɛɿɥɹ�ɟɥɟɤɬɪɨɞɿɜ, ɞɟ�ɜɨɧɢ�ɜɫɬɭɩɚɸɬɶ�ɜ 
ɪɟɚɤɰɿɸ�ɿ�ɱɚɫɬɤɨɜɨ�ɜɢɜɨɞɹɬɶɫɹ�ɡ�ɪɨɡɱɢɧɭ. 

əɤ� ɭɠɟ� ɜɿɞɦɿɱɚɥɨɫɶ [3], ɧɟɞɨɥɿɤɨɦ� ɬɚɤɢɯ� ɟɥɟɤɬ-
ɪɨɬɟɯɧɨɥɨɝɿɣ� ɽ� ɡɧɚɱɧɿ� ɡɚɬɪɚɬɢ� ɟɥɟɤɬɪɢɱɧɨʀ� ɟɧɟɪɝɿʀ� ɧɚ 
ɨɛɪɨɛɤɭ� ɩɪɨɞɭɤɬɭ. ɇɚɦɢ� ɛɭɜ� ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ� ɦɟɬɨɞ 
ɟɥɟɤɬɪɨɨɛɪɨɛɤɢ [4], ɹɤɢɣ�ɞɨɡɜɨɥɹɽ� ɡɦɟɧɲɢɬɢ� ɡɚɬɪɚɬɢ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ�ɜ�ɞɟɫɹɬɤɢ�ɪɚɡɿɜ. Ƚɨɥɨɜɧɨɸ�ɣɨɝɨ�ɜɿɞɦɿɧ-
ɧɿɫɬɸ�ɜɿɞ�ɜɿɞɨɦɢɯ�ɛɭɥɨ�ɬɟ, ɳɨ�ɟɥɟɤɬɪɨɞɢ�ɿɡɨɥɸɜɚɥɢɫɶ 
ɜɿɞ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ, ɹɤɢɣ�ɡɧɚɯɨɞɢɜɫɹ�ɦɿɠ�ɟɥɟɤɬɪɨ-
ɞɚɦɢ. Ⱦɨɫɥɿɞɠɟɧɧɹ�ɜɩɥɢɜɭ� ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ�ɧɚɩɪɭ-
ɠɟɧɿɫɬɸ 75 – 150 ȼ�ɫɦ�ɧɚ�ɹɤɿɫɧɿ�ɩɨɤɚɡɧɢɤɢ�ɞɢɮɭɡɿɣɧɨ-
ɝɨ�ɫɨɤɭ�ɛɭɪɹɤɨɰɭɤɪɨɜɨɝɨ�ɜɢɪɨɛɧɢɰɬɜɚ�ɡɚɫɜɿɞɱɢɥɢ�ɦɨ-
ɠɥɢɜɿɫɬɶ�ɡɛɿɥɶɲɟɧɧɹ�ɣɨɝɨ�ɱɢɫɬɨɬɢ�ɧɚ 0,5 – 1 % ɡɚ�ɪɚ-
ɯɭɧɨɤ� ɪɨɡɪɢɜɭ� ɟɥɟɤɬɪɢɱɧɢɯ� ɡɜ¶ɹɡɤɿɜ�ɦɿɠ�ɦɨɥɟɤɭɥɚɦɢ 
ɰɭɤɪɨɡɢ�ɿ�ɧɟɰɭɤɪɿɜ. 

ɉɪɢ�ɛɟɡɩɟɪɟɱɧɿɣ�ɩɟɪɟɜɚɡɿ�ɰɶɨɝɨ�ɦɟɬɨɞɭ�ɟɥɟɤɬɪɨ-
ɨɛɪɨɛɤɢ�ɨɩɬɢɦɚɥɶɧɢɣ�ɱɚɫ�ɩɟɪɟɛɭɜɚɧɧɹ�ɪɨɡɱɢɧɭ�ɜ�ɩɨɥɿ 
ɞɿʀ�ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ�ɫɤɥɚɞɚɜ�ɛɿɥɶɲɟ 10 ɯɜɢɥɢɧ�ɿ�ɞɥɹ 
ɩɪɨɦɢɫɥɨɜɨɝɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɬɚɤɨɝɨ� ɫɩɨɫɨɛɭ� ɟɥɟɤɬɪɨ-
ɨɛɪɨɛɤɢ�ɧɟɨɛɯɿɞɧɿ�ɜɟɥɢɤɿ�ɨɛ¶ɽɦɢ�ɬɟɯɧɨɥɨɝɿɱɧɢɯ�ɽɦɤɨ-
ɫɬɟɣ. 

ɇɚɫɬɭɩɧɢɦ�ɟɬɚɩɨɦ�ɞɨɫɥɿɞɠɟɧɶ�ɜɩɥɢɜɭ�ɟɥɟɤɬɪɢɱ-
ɧɨɝɨ�ɩɨɥɹ�ɧɚ�ɹɤɿɫɧɿ�ɩɨɤɚɡɧɢɤɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɛɭ-

ɥɚ�ɫɩɪɨɛɚ�ɡɦɟɧɲɢɬɢ�ɱɚɫ�ɣɨɝɨ�ɨɛɪɨɛɤɢ�ɩɪɢ�ɞɨɫɹɝɧɟɧɧɿ 
ɜɢɫɨɤɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ�ɩɿɞɜɢɳɟɧɧɹ�ɹɤɿɫɧɢɯ�ɩɨɤɚɡɧɢɤɿɜ. 

Ⱦɥɹ� ɜɢɤɨɧɚɧɧɹ� ɰɿɽʀ� ɡɚɞɚɱɿ� ɛɭɥɚ� ɡɪɨɛɥɟɧɚ� ɟɥɟɤɬ-
ɪɨɫɬɚɬɢɱɧɚ� ɤɨɦɿɪɤɚ,  ɹɤɚ� ɹɜɥɹɽ� ɫɨɛɨɸ� ɽɦɤɿɫɬɶ� ɩɪɹɦɨ-
ɤɭɬɧɨʀ�ɮɨɪɦɢ,  ɳɨ�ɡɚɤɪɢɬɚ�ɤɪɢɲɤɨɸ�ɡ�ɪɨɡɦɿɳɟɧɢɦɢ�ɜ 
ɧɿɣ�ɟɥɟɤɬɪɨɞɚɦɢ�ɜ�ɜɢɝɥɹɞɿ� ɿɡɨɥɶɨɜɚɧɢɯ�ɜɿɞ�ɰɭɤɪɨɜɨɝɨ 
ɪɨɡɱɢɧɭ�ɲɬɢɪɿɜ (ɪɢɫ.1, ɚ, ɛ). 

Ɍɚɤɚ� ɤɨɧɫɬɪɭɤɰɿɹ� ɤɨɦɿɪɤɢ� ɦɟɬɨɞɨɦ� ɦɚɫɲɬɚɛɭ-
ɜɚɧɧɹ�ɞɨɡɜɨɥɢɬɶ�ɞɨɜɨɥɿ�ɩɪɨɫɬɨ�ɜɢɤɨɧɚɬɢ�ɩɪɨɦɢɫɥɨɜɢɣ 
ɚɩɚɪɚɬ, ɜ�ɹɤɨɦɭ�ɦɨɠɧɚ�ɩɪɨɜɨɞɢɬɢ�ɟɥɟɤɬɪɨɨɛɪɨɛɤɭ�ɰɭ-
ɤɪɨɜɨɝɨ� ɪɨɡɱɢɧɭ. ɓɨ� ɫɬɨɫɭɽɬɶɫɹ� ɱɢɫɥɨɜɨɝɨ� ɡɧɚɱɟɧɧɹ 
ɜɟɥɢɱɢɧɢ�ɧɚɩɪɭɝɢ, ɹɤɚ�ɩɨɞɚɽɬɶɫɹ�ɧɚ�ɟɥɟɤɬɪɨɞɢ, ɬɨ�ɫɥɿɞ 
ɜɿɞɦɿɬɢɬɢ, ɳɨ�ɱɢɦ�ɧɢɠɱɚ�ɧɚɩɪɭɝɚ, ɬɢɦ�ɛɿɥɶɲ�ɟɥɟɬɪɨ-
ɛɟɡɩɟɱɧɢɦ�ɽ�ɚɩɚɪɚɬ. Ⱥɥɟ�ɧɢɡɶɤɿ�ɧɚɩɪɭɝɢ�ɧɟ�ɞɨɡɜɨɥɹɬɶ 
ɞɨɫɹɝɬɢ� ɧɟɨɛɯɿɞɧɨʀ� ɧɚɩɪɭɠɟɧɨɫɬɿ� ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ, 
ɚ� ɜɿɞɫɬɚɧɿ� ɦɿɠ� ɟɥɟɤɬɪɨɞɚɦɢ� ɛɭɞɭɬɶ� ɞɨɜɨɥɿ� ɦɚɥɿ, ɳɨ 
ɡɦɟɧɲɭɽ� ɤɨɪɢɫɧɢɣ� ɨɛ¶ɽɦ� ɚɩɚɪɚɬɭ. Ȼɭɥɚ� ɜɢɛɪɚɧɚ� ɧɚ-
ɩɪɭɝɚ�ɨɫɜɿɬɥɸɜɚɥɶɧɨʀ�ɟɥɟɤɬɪɨɦɟɪɟɠɿ, ɹɤɚ�ɫɬɜɨɪɸɽ�ɧɚ-
ɩɪɭɠɟɧɿɫɬɶ� ɧɟɨɛɯɿɞɧɨʀ� ɜɟɥɢɱɢɧɢ, ɩɪɢ� ɰɶɨɦɭ� ɧɟ� ɛɭɞɟ 
ɩɨɬɪɟɛɭɜɚɬɢɫɶ�ɞɨɞɚɬɤɨɜɢɯ�ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ, ɚ�ɫɚɦ�ɚɩɚ-
ɪɚɬ� ɛɭɞɟ�ɜɿɞɧɨɫɧɨ� ɟɥɟɤɬɪɨɛɟɡɩɟɱɧɢɦ. ȼɢɯɨɞɹɱɢ� ɡ� ɬɚ-
ɤɨɝɨ�ɜɢɛɨɪɭ�ɛɭɥɨ�ɡɚɩɪɨɩɨɧɨɜɚɧɨ�ɫɩɨɫɿɛ�ɨɱɢɳɟɧɧɹ�ɰɭ-
ɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ [5, 6] ɜ�ɟɥɟɤɬɪɨɫɬɚɬɢɱɧɨɦɭ�ɩɨɥɿ, ɹɤɟ 
ɫɬɜɨɪɸɽɬɶɫɹ�ɿɡɨɥɶɨɜɚɧɢɦɢ�ɜɿɞ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɟɥɟ-
ɤɬɪɨɞɚɦɢ. 

Ɇɟɬɨɞɢɤɚ� ɩɪɨɜɟɞɟɧɧɹ� ɞɨɫɥɿɞɠɟɧɶ� ɧɟ� ɜɿɞɪɿɡɧɹ-
ɥɚɫɶ� ɜɿɞ� ɜɿɞɩɪɚɰɶɨɜɚɧɨʀ [3]: ɩɪɨɛɭ� ɞɢɮɭɡɿɣɧɨɝɨ� ɫɨɤɭ 
ɡɚɥɢɜɚɥɢ� ɜ� ɩɪɨɦɿɠɧɭ� ɽɦɤɿɫɬɶ, ɩɪɨɤɚɱɭɜɚɥɢ� ɧɚɫɨɫɨɦ 
ɱɟɪɟɡ�ɪɨɛɨɱɭ�ɤɨɦɿɪɤɭ� ɿ�ɬɟɪɦɨɫɬɚɬ�ɞɨ�ɞɨɫɹɝɧɟɧɧɹ� ɬɟɩ-
ɥɨɜɨʀ�ɪɿɜɧɨɜɚɝɢ. ɉɿɞɜɨɞɢɥɢ�ɧɚɩɪɭɝɭ�ɧɚ�ɟɥɟɤɬɪɨɞɢ�ɟɥɟ-
ɤɬɪɨɫɬɚɬɢɱɧɨʀ� ɤɨɦɿɪɤɢ� ɿ� ɱɟɪɟɡ� ɩɟɜɧɿ� ɩɪɨɦɿɠɤɢ� ɱɚɫɭ 
ɩɪɨɛɢ� ɫɨɤɭ� ɜɿɞɛɢɪɚɥɢ� ɬɚ� ɚɧɚɥɿɡɭɜɚɥɢ� ɧɚ� ɜɦɿɫɬ� ɫɭɯɢɯ 
ɪɟɱɨɜɢɧ (ɋɊ), ɰɭɤɪɭ�ɜ�ɪɨɡɱɢɧɿ (ɐ). Ɂɧɚɯɨɞɢɥɢ�ɱɢɫɬɨɬɭ 
�ɞɨɛɪɨɹɤɿɫɧɿɫɬɶ) ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ (ɑ = ɐ�ɋɊ). 

Ȼɭɥɨ� ɩɪɨɜɟɞɟɧɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɟɥɟɤɬɪɢɱ-
ɧɨɝɨ�ɩɨɥɹ�ɧɚ�ɹɤɿɫɧɿ�ɩɨɤɚɡɧɢɤɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɩɪɢ 

ɪɿɡɧɢɯ�ɫɯɟɦɚɯ�ɩɿɞɤɥɸɱɟɧɧɹ�ɟɥɟɤɬɪɨɞɿɜ. 
1. ɇɚ� ɟɥɟɤɬɪɨɞɢ� ɩɨɞɚɜɚɥɚɫɶ� ɧɚɩɪɭɝɚ� ɡɦɿɧɧɨɝɨ 

ɫɬɪɭɦɭ� ɱɚɫɬɨɬɨɸ 50 Ƚɰ� ɡ� ɦɟɪɟɠɿ� ɟɥɟɤɬɪɨɨɫɜɿɬɥɟɧɧɹ 
220 ȼ. ɋɯɟɦɚ� ɜɤɥɸɱɟɧɧɹ� ɟɥɟɤɬɪɨɞɿɜ� ɩɨɤɚɡɚɧɚ� ɧɚ 
ɪɢɫ. 2. 

Ɋɟɡɭɥɶɬɚɬɢ�ɚɧɚɥɿɡɿɜ�ɩɪɨɛ�ɞɢɮɭɡɿɣɧɨɝɨ�ɫɨɤɭ�ɩɪɟɞ-
ɫɬɚɜɥɟɧɿ�ɜ�ɬɚɛɥ. 1. 

Ⱥɧɚɥɿɡ� ɞɚɧɢɯ� ɩɨɤɚɡɭɽ, ɳɨ�ɩɪɢ�ɱɚɫɿ� ɨɛɪɨɛɤɢ� ɞɢ-
ɮɭɡɿɣɧɨɝɨ�ɫɨɤɭ�ɜɩɪɨɞɨɜɠ�ɩɟɪɲɢɯ 2 – 3 ɯɜɢɥɢɧ�ɱɢɫɬɨ-
ɬɚ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɡɪɨɫɬɚɽ�ɧɚ 0,2 – 0,4 %. ɉɪɢ�ɩɨ-
ɞɚɥɶɲɿɣ� ɨɛɪɨɛɰɿ� ɰɭɤɪɨɜɨɝɨ� ɪɨɡɱɢɧɭ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɞɿʀ 
ɡɦɿɧɧɨɝɨ�ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ�ɡɧɢɠɭɽɬɶɫɹ.  

Ɂɛɿɥɶɲɟɧɧɹ� ɱɢɫɬɨɬɢ� ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ� ɜ�ɩɟɪɲɿ 
ɯɜɢɥɢɧɢ� ɨɛɪɨɛɤɢ�ɦɨɠɥɢɜɨ�ɩɨɹɫɧɢɬɢ�ɬɢɦ, ɳɨ�ɧɚ�ɪɨɡ-
ɱɢɧ, ɹɤɢɣ�ɡɧɚɯɨɞɢɬɶɫɹ�ɦɿɠ�ɟɥɟɤɬɪɨɞɚɦɢ, ɞɿɹ�ɡɦɿɧɧɨɝɨ 
ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ�ɧɚɣɛɿɥɶɲ�ɫɩɪɢɹɬɥɢɜɚ�ɧɚ�ɧɟɬɪɢɜɤɿ, 
ɫɜɿɠɨɭɬɜɨɪɟɧɿ�ɟɥɟɤɬɪɢɱɧɨ�ɧɟɣɬɪɚɥɶɧɿ�ɤɨɧɝɥɨɦɟɪɚɬɢ.  

  

Ɋɢɫ. 1. ɚ) ɟɥɟɤɬɪɨɫɬɚɬɢɱɧɚ�ɤɨɦɿɪɤɚ, ɛ) ɜɟɪɯɧɹ�ɤɪɢɲɤɚ�ɡ�ɟɥɟɤɬɪɨɞɚɦɢ 

 

Ɋɢɫ.2. ɋɯɟɦɚ�ɩɿɞɤɥɸɱɟɧɧɹ�ɟɥɟɤɬɪɨɞɿɜ 



ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  
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Ɂɜ¶ɹɡɤɢ� ɰɭɤɪɨɡɢ� ɡ� ɧɟɰɭɤɪɚɦɢ� ɩɨɪɭɲɭɸɬɶɫɹ, ɰɭɤɪɨɡɚ 
ɩɟɪɟɯɨɞɢɬɶ� ɜ� ɪɨɡɱɢɧ, ɩɪɢ� ɰɶɨɦɭ� ɩɪɨɯɨɞɢɬɶ� ɲɜɢɞɤɟ 
ɡɛɿɥɶɲɟɧɧɹ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ. ɉɨɞɚɥɶɲɚ�ɞɿɹ 
ɡɦɿɧɧɨɝɨ� ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ� ɧɚ� ɰɭɤɪɨɜɢɣ� ɪɨɡɱɢɧ� ɞɨ 
ɩɿɞɜɢɳɟɧɧɹ� ɱɢɫɬɨɬɢ� ɧɟ� ɩɪɢɜɨɞɢɬɶ, ɨɫɤɿɥɶɤɢ� ɜ� ɧɶɨɦɭ 
ɡɚɥɢɲɚɸɬɶɫɹ� ɫɬɚɛɿɥɶɧɿ, ɫɬɿɣɤɿ� ɞɨ� ɞɿʀ� ɡɦɿɧɧɨɝɨ� ɩɨɥɹ 
ɡ¶ɽɞɧɚɧɧɹ. 

Ƚɪɚɮɿɱɧɚ� ɿɧɬɟɪɩɪɟɬɚɰɿɹ� ɬɚɛɥɢɱɧɢɯ� ɞɚɧɢɯ� ɩɪɢɜɟ-
ɞɟɧɚ�ɧɚ�ɪɢɫ. 3. 

2. ɇɚ� ɟɥɟɤɬɪɨɞɢ� ɩɨɞɚɜɚɥɚɫɶ� ɧɚɩɪɭɝɚ� ɩɨɫɬɿɣɧɨɝɨ 
ɫɬɪɭɦɭ 210 ȼ, ɳɨ� ɫɬɜɨɪɸɜɚɥɚ� ɧɚɩɪɭɠɟ-
ɧɿɫɬɶ�ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ� ɦɿɠ� ɟɥɟɤɬɪɨɞɚɦɢ 64 ȼ�ɫɦ. 
Ⱦɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ� ɛɭɥɢ� ɩɪɨɜɟ-
ɞɟɧɿ�ɧɚ�ɞɢɮɭɡɿɣɧɨɦɭ�ɫɨɤɭ�ɿ�ɩɪɟɞɫɬɚɜɥɟɧɿ�ɧɚ�ɪɢɫ. 4. 

Ⱥɧɚɥɿɡ�ɡɚɥɟɠɧɨɫɬɿ�ɡɦɿɧɢ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡ-
ɱɢɧɭ�ɜɿɞ�ɱɚɫɭ�ɨɛɪɨɛɤɢ�ɣɨɝɨ�ɜ�ɩɨɫɬɿɣɧɨɦɭ�ɟɥɟɤɬɪɢɱɧɨ-
ɦɭ�ɩɨɥɿ�ɞɨɡɜɨɥɢɜ�ɡɪɨɛɢɬɢ�ɧɚɫɬɭɩɧɿ�ɜɢɫɧɨɜɤɢ: 

- �ɜɩɪɨɞɨɜɠ�ɜɫɶɨɝɨ�ɱɚɫɭ�ɨɛɪɨɛɤɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨ-
ɡɱɢɧɭ� ɟɥɟɤɬɪɢɱɧɢɦ� ɩɨɥɟɦ� ɩɪɨɯɨɞɢɬɶ� ɩɨɫɬɭɩɨɜɟ� ɡɛɿ-
ɥɶɲɟɧɧɹ�ɣɨɝɨ�ɱɢɫɬɨɬɢ; 

- �ɩɪɢ�ɨɛɪɨɛɰɿ�ɫɨɤɭ�ɟɥɟɤɬɪɢɱɧɢɦ�ɩɨɥɟɦ�ɛɿɥɶɲɟ 
12 ɯɜɢɥɢɧ�ɦɨɠɥɢɜɟ�ɡɦɟɧɲɟɧɧɹ�ɩɪɢɪɨɫɬɭ�ɱɢɫɬɨɬɢ�ɰɭ-
ɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ; 
�ɡɛɟɪɿɝɚɽɬɶɫɹ� ɬɟɧɞɟɧɰɿɹ: ɱɢɦ�ɜɢɳɚ�ɱɢɫɬɨɬɚ� ɰɭɤɪɨɜɨɝɨ 
ɪɨɡɱɢɧɭ, ɬɢɦ�ɧɢɠɱɚ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɣɨɝɨ�ɨɛɪɨɛɤɢ�ɟɥɟɤ-
ɬɪɢɱɧɢɦ�ɩɨɥɟɦ. 

3. Ȼɭɥɚ�ɡɦɿɧɟɧɚ�ɮɨɪɦɚ�ɟɥɟɤɬɪɨɞɿɜ�ɡ�ɩɚɥɶɰɟɜɨʀ�ɧɚ 
ɩɥɚɫɬɢɧɱɚɬɭ. Ⱦɚɧɚ�ɫɟɪɿɹ�ɟɤɫɩɟɪɢɦɟɧɬɿɜ�ɛɭɥɚ�ɩɪɨɜɟɞɟ-
ɧɚ�ɧɚ�ɬɿɣ�ɠɟ�ɟɥɟɤɬɪɨɫɬɚɬɢɱɧɿɣ�ɤɨɦɿɪɰɿ�ɩɪɢ� ɡɚɦɿɧɿ�ɩɚ-
ɥɶɰɟɜɢɯ� ɟɥɟɤɬɪɨɞɿɜ� ɧɚ� ɩɥɚɫɬɢɧɱɚɬɿ. Ⱦɢɮɭɡɿɣɧɢɣ� ɫɿɤ 
ɩɪɨɬɿɤɚɜ�ɦɿɠ�ɩɥɚɫɬɢɧɚɦɢ�ɿ�ɡɧɚɯɨɞɢɜɫɹ�ɩɿɞ�ɞɿɽɸ�ɨɞɧɨ-
ɪɿɞɧɨɝɨ� ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ. Ɋɟɡɭɥɶɬɚɬɢ� ɩɪɟɞɫɬɚɜɥɟɧɿ 
ɧɚ�ɪɢɫ. 5. 

Ⱥɧɚɥɿɡ�ɡɚɥɟɠɧɨɫɬɿ�ɡɦɿɧɢ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡ-

ɱɢɧɭ�ɜɿɞ�ɱɚɫɭ�ɨɛɪɨɛɤɢ�ɣɨɝɨ�ɜ�ɩɨɫɬɿɣɧɨɦɭ�ɟɥɟɤɬɪɢɱɧɨ-
ɦɭ�ɩɨɥɿ�ɩɪɢ�ɩɥɚɫɬɢɧɱɚɬɢɯ�ɟɥɟɤɬɪɨɞɚɯ�ɞɨɡɜɨɥɢɜ�ɡɪɨɛɢ-
ɬɢ�ɧɚɫɬɭɩɧɿ�ɜɢɫɧɨɜɤɢ: 

- �ɮɨɪɦɚ� ɟɥɟɤɬɪɨɞɿɜ� ɧɟ� ɜɩɥɢɜɚɥɚ� ɧɚ� ɩɨɤɚɡɧɢɤɢ 
ɡɦɿɧɢ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɜɿɞ�ɱɚɫɭ�ɨɛɪɨɛɤɢ; 

- �ɱɚɫ�ɨɛɪɨɛɤɢ�ɞɨ�ɞɨɫɹɝɧɟɧɧɹ�ɦɚɤɫɢɦɭɦɭ�ɟɮɟɤ-
ɬɭ�ɤɨɥɢɜɚɜɫɹ�ɜɩɪɨɞɨɜɠ 11 – 13 ɯɜɢɥɢɧ. 

Ɍɚɛɥɢɰɹ 1  
Ɂɦɿɧɚ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɜ�ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɱɚɫɭ�ɨɛɪɨɛɤɢ 

ɑɚɫ 
ɨɛɪɨɛɤɢ, ɯɜ. ɋɿɤ�ɞɨ�ɨɛɪɨɛɤɢ ɋɿɤ�ɩɿɫɥɹ�ɨɛɪɨɛɤɢ Ɂɦɿɧɚ 

ɱɢɫɬɨɬɢ 
 ɐɤ ɋɪ ɑ ɪɇ Ɍ�ɪɚ  

ɫɨɤɭ 
ɐɤ ɋɪ ɑ ɪɇ ǻɑ 

2,5 13,49 15,1 89,34 4,9 54 13,52 15,1 89,54 4,94 0,2 
5,2 13,49 15,1 89,34 4,9 54 13,55 15,1 89,74 4,94 0,4 
8 13,49 15,1 89,34 4,9 54 13,56 15,1 89,8 4,94 0,46 
11 13,49 15,1 89,34 4,9 54 13,56 15,1 89,79 4,94 0,45 

14,3 13,49 15,1 89,34 4,9 54 13,56 15,1 89,82 4,94 0,48 
17,8 13,49 15,1 89,34 4,9 54 13,58 15,1 89,92 4,94 0,68 
2,5 12,95 14,5 89,31 5,1 54 13,01 14,5 89,72 5,1 0,41 
5,2 12,95 14,5 89,31 5,1 54 12,97 14,5 89,43 5,1 0,42 
8 12,95 14,5 89,31 5,1 54 13,02 14,5 89,82 5,1 0,51 
11 12,95 14,5 89,31 5,1 54 13,06 14,5 90,09 5,1 0,78 

14,3 12,95 14,5 89,31 5,1 54 13,08 14,5 90,21 5,1 0,9 
17,8 12,95 14,5 89,31 5,1 54 13,08 14,5 90,21 5,1 0,9 

 

  

Ɋɢɫ. 3. Ɂɦɿɧɚ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɜɿɞ�ɱɚɫɭ�ɨɛɪɨ-
ɛɤɢ�ɩɪɢ�ɞɿʀ�ɡɦɿɧɧɨɝɨ�ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ.  

Ɋɨɡɱɢɧ�ɞɨ�ɨɛɪɨɛɤɢ:  
Ƈ - ɪɹɞ 1:  ɐɤ – 13,49; ɋɪ – 15,1; ɑ – 89,34;  
ů - ɪɹɞ 2: ɐɤ – 12,95; ɋɪ – 14,5; ɑ – 89,31 

Ɋɢɫ. 4 Ɂɦɿɧɚ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɜɿɞ�ɱɚɫɭ�ɨɛɪɨɛ-
ɤɢ�ɩɪɢ�ɞɿʀ�ɩɨɫɬɿɣɧɨɝɨ�ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ. 

Ɋɨɡɱɢɧ�ɞɨ�ɨɛɪɨɛɤɢ: ů - ɪɹɞ 1: ɐɤ – 13,2; ɋɪ – 14,6;  
ɑ – 90,41; Ÿ - ɪɹɞ 2: ɐɤ – 12,64; ɋɪ – 14,0; ɑ – 90,29;  

Ƈ - ɪɹɞ 3: ɐɤ – 12,24; ɋɪ – 13,8; ɑ – 88,7;  
Ɣ - ɪɹɞ 4: ɐɤ – 12,3; ɋɪ – 13,9; ɑ – 88,49 
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ɉɨɹɫɧɟɧɧɹ� ɡɛɿɥɶɲɟɧɧɹ� ɱɢɫɬɨɬɢ� ɰɭɤɪɨɜɨɝɨ� ɪɨɡ-
ɱɢɧɭ� ɩɪɢ� ɞɿʀ� ɧɚ� ɧɶɨɝɨ� ɩɨɫɬɿɣɧɨɝɨ� ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ 
ɦɨɠɥɢɜɟ� ɧɚɫɬɭɩɧɟ. ɉɪɢ� ɜɡɚɽɦɨɞɿʀ� ɩɨɫɬɿɣɧɨɝɨ� ɟɥɟɤ-
ɬɪɢɱɧɨɝɨ�ɩɨɥɹ, ɳɨ�ɜɢɧɢɤɚɽ�ɦɿɠ�ɟɥɟɤɬɪɨɞɚɦɢ�ɩɪɢ�ɩɪɢ-
ɤɥɚɞɟɧɧɿ� ɞɨ�ɧɢɯ� ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɬɟɧɰɿɚɥɭ, ɿ�ɜɥɚɫɧɨɝɨ 
ɟɥɟɤɬɪɢɱɧɨɝɨ� ɩɨɥɹ� ɟɥɟɤɬɪɨɡɚɪɹɞɠɟɧɨʀ� ɱɚɫɬɢɧɤɢ� ɩɪɨ-
ɯɨɞɢɬɶ� ɪɨɡɪɢɜ� ɟɥɟɤɬɪɢɱɧɢɯ� ɡɜ¶ɹɡɤɿɜ� ɿ� ɩɨɫɬɭɩɨɜɢɣ� ɩɟ-
ɪɟɯɿɞ�ɦɨɥɟɤɭɥ�ɰɭɤɪɨɡɢ�ɜ�ɰɭɤɪɨɜɢɣ�ɪɨɡɱɢɧ, ɳɨ�ɩɿɞɜɢ-
ɳɭɽ�ɤɨɧɰɟɧɬɪɚɰɿɸ�ɰɭɤɪɭ�ɜ�ɪɨɡɱɢɧɿ. Ɂɚ�ɪɚɯɭɧɨɤ�ɰɶɨɝɨ 
ɩɪɢ� ɧɟɡɦɿɧɧɿɣ� ɤɿɥɶɤɨɫɬɿ� ɫɭɯɢɯ� ɪɟɱɨɜɢɧ� ɜ� ɪɨɡɱɢɧɿ 
ɡɛɿɥɶɲɭɽɬɶɫɹ�ɣɨɝɨ�ɱɢɫɬɨɬɚ. Ⱦɥɹ�ɪɨɡɪɢɜɭ�ɬɚɤɢɯ�ɫɬɿɣɤɢɯ 
ɟɥɟɤɬɪɢɱɧɢɯ�ɡɜ¶ɹɡɤɿɜ� ɩɨɬɪɿɛɧɚ� ɞɿɹ� ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ 
ɛɿɥɶɲ� ɬɪɢɜɚɥɢɣ� ɱɚɫ� ɿ� ɫɬɚɥɨʀ� ɜɟɥɢɱɢɧɢ. ɐɟ� ɦɨɠɥɢɜɨ 
ɬɨɞɿ,  ɤɨɥɢ� ɱɚɫ� ɩɟɪɟɛɭɜɚɧɧɹ� ɪɨɡɱɢɧɭ� ɜ� ɩɨɥɿ� ɞɿʀ� ɟɥɟɤ-
ɬɪɢɱɧɨɝɨ� ɩɨɥɹ� ɫɬɚɧɨɜɢɬɶ 4  –  5  ɯɜɢɥɢɧ,  ɚ� ɟɥɟɤɬɪɨɞɢ 
ɩɿɞ¶ɽɞɧɚɧɿ�ɞɨ�ɞɠɟɪɟɥɚ�ɩɨɫɬɿɣɧɨɝɨ�ɫɬɪɭɦɭ.  

Ɍɚɤɢɣ� ɦɟɯɚɧɿɡɦ� ɩɪɨɰɟɫɭ� ɜɢɞɿɥɟɧɧɹ� ɰɭɤɪɨɡɢ� ɡɿ 
ɫɩɨɥɭɤ�ɡ�ɧɟɰɭɤɪɚɦɢ�ɩɪɢɜɨɞɢɬɶ�ɞɨ�ɨɱɢɳɟɧɧɹ�ɰɭɤɪɨɜɨ-
ɝɨ� ɪɨɡɱɢɧɭ. ɋɚɯɚɪɨɡɚ� ɡ� ɪɨɡɱɢɧɭ� ɜ� ɩɨɞɚɥɶɲɨɦɭ 
ɜɢɞɿɥɹɽɬɶɫɹ� ɩɪɢ� ɤɪɢɫɬɚɥɿɡɚɰɿʀ, ɚ� ɧɟɰɭɤɪɢ� ɜɢɜɨɞɹɬɶɫɹ 
ɩɪɢ� ɮɿɥɶɬɪɭɜɚɧɧɿ� ɪɨɡɱɢɧɿɜ. Ɉɫɤɿɥɶɤɢ� ɧɟɰɭɤɪɿɜ� ɜ� ɪɨɡ-
ɱɢɧɿ�ɩɪɢ�ɰɶɨɦɭ�ɫɬɚɽ�ɦɟɧɲɟ, ɬɨ�ɧɚ�ɨɫɬɚɧɧɿɣ�ɫɬɚɞɿʀ�ɞɨ-
ɛɭɜɚɧɧɹ�ɰɭɤɪɭ� ɡ� ɪɨɡɱɢɧɭ� ɤɪɢɫɬɚɥɿɡɚɰɿɽɸ�ɛɭɞɭɬɶ�ɦɟɧ-
ɲɢɦɢ�ɿ�ɜɬɪɚɬɢ�ɰɭɤɪɭ�ɡ�ɦɟɥɹɫɨɸ (ɧɟɰɭɤɪɚɦɢ), ɳɨ�ɞɨɡ-
ɜɨɥɢɬɶ�ɨɬɪɢɦɚɬɢ�ɞɨɞɚɬɤɨɜɢɣ�ɛɿɥɢɣ�ɬɨɜɚɪɧɢɣ�ɰɭɤɨɪ.  

ɉɪɨɜɟɞɟɧɿ� ɞɨɫɥɿɞɠɟɧɧɹ� ɨɛɪɨɛɤɢ� ɞɢɮɭɡɿɣɧɨɝɨ 
ɫɨɤɭ�ɟɥɟɤɬɪɢɱɧɢɦ�ɩɨɥɟɦ�ɩɨɤɚɡɚɥɢ, ɳɨ�ɜ�ɩɟɪɲɢɣ�ɩɟɪɿ-
ɨɞ�ɱɚɫɭ�ɞɨɰɿɥɶɧɨ�ɩɪɨɜɨɞɢɬɢ�ɟɥɟɤɬɪɨɨɛɪɨɛɤɭ�ɰɭɤɪɨɜɨ-
ɝɨ�ɪɨɡɱɢɧɭ�ɡɦɿɧɧɢɦ�ɟɥɟɤɬɪɢɱɧɢɦ�ɩɨɥɟɦ. ȼ�ɰɶɨɦɭ�ɜɢ-
ɩɚɞɤɭ�ɞɨɫɹɝɚɽɬɶɫɹ�ɦɚɤɫɢɦɚɥɶɧɚ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɨɛɪɨɛɤɢ 
ɜɩɪɨɞɨɜɠ�ɩɟɪɲɢɯ 2…3 ɯɜɢɥɢɧ. ȼ�ɩɨɞɚɥɶɲɨɦɭ�ɪɚɰɿɨ-
ɧɚɥɶɧɨ�ɩɪɨɜɨɞɢɬɢ� ɨɛɪɨɛɤɭ�ɜ�ɩɨɫɬɿɣɧɨɦɭ�ɟɥɟɤɬɪɢɱɧɨ-
ɦɭ�ɩɨɥɿ. Ɍɚɤɚ�ɩɨɫɥɿɞɨɜɧɿɫɬɶ�ɨɛɪɨɛɤɢ�ɛɭɥɚ�ɜɢɩɪɨɛɭɜɚ-
ɧɚ�ɚ�ɪɟɡɭɥɶɬɚɬɢ�ɩɪɟɞɫɬɚɜɥɟɧɿ�ɧɚ�ɪɢɫ. 6. 
Ɋɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɶ� ɩɨɤɚɡɭɸɬɶ, ɳɨ� ɫɩɨɱɚɬɤɭ� ɩɪɢ 
ɨɛɪɨɛɰɿ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɡɦɿɧɧɢɦ�ɟɥɟɤɬɪɢɱɧɢɦ�ɩɨ-
ɥɟɦ�ɜɿɞɛɭɜɚɥɨɫɶ�ɿɧɬɟɧɫɢɜɧɟ�ɡɛɿɥɶɲɟɧɧɹ�ɣɨɝɨ�ɱɢɫɬɨɬɢ. 

ɇɚɫɬɭɩɧɚ� ɨɛɪɨɛɤɚ� ɞɢɮɭɡɿɣɧɨɝɨ� ɫɨɤɭ� ɜ� ɩɨɫɬɿɣɧɨɦɭ 
ɟɥɟɤɬɪɢɱɧɨɦɭ� ɩɨɥɿ� ɩɪɢɜɨɞɢɬɶ� ɞɨ� ɩɨɫɬɭɩɨɜɨɝɨ� ɡɛɿɥɶ-
ɲɟɧɧɹ� ɣɨɝɨ� ɱɢɫɬɨɬɢ� ɜɧɚɫɥɿɞɨɤ� ɪɨɡɪɢɜɭ� ɟɥɟɤɬɪɢɱɧɢɯ 
ɡɜ¶ɹɡɤɿɜ�ɿ�ɩɟɪɟɯɨɞɭ�ɰɭɤɪɨɡɢ�ɜ�ɪɨɡɱɢɧ. 

ȼɢɫɧɨɜɤɢ. 
1. ɉɪɨɜɟɞɟɧɿ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɟɥɟɤɬɪɢɱɧɨɝɨ 

ɩɨɥɹ�ɧɚ� ɹɤɿɫɬɶ� ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɩɿɞɬɜɟɪɞɢɥɢ� ɩɪɢɧ-
ɰɢɩɨɜɭ� ɦɨɠɥɢɜɿɫɬɶ� ɨɛɪɨɛɤɢ� ɪɨɡɱɢɧɭ� ɧɚɩɪɭɠɟɧɿɫɬɸ 
ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ, ɳɨ�ɫɬɜɨɪɸɽɬɶɫɹ�ɦɿɠ�ɿɡɨɥɶɨɜɚɧɢɦɢ 
ɜɿɞ�ɪɨɡɱɢɧɭ�ɟɥɟɤɬɪɨɞɚɦɢ�ɩɪɢ�ɩɨɞɚɱɿ�ɧɚ�ɧɢɯ�ɟɥɟɤɬɪɢɱ-
ɧɨɝɨ� ɩɨɬɟɧɰɿɚɥɭ� ɡ� ɨɫɜɿɬɥɸɜɚɥɶɧɨʀ� ɦɟɪɟɠɿ.  Ɂɚɬɪɚɬɢ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ� ɩɪɢ� ɰɶɨɦɭ� ɦɿɧɿɦɚɥɶɧɿ� ɿ� ɡɚɥɟɠɚɬɶ� ɜɿɞ 
ɹɤɨɫɬɿ�ɿɡɨɥɹɰɿʀ. 

2. ȼ�ɩɨɱɚɬɤɨɜɢɣ�ɦɨɦɟɧɬ� ɨɛɪɨɛɤɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨ-
ɡɱɢɧɭ� ɞɨɰɿɥɶɧɨ� ɩɪɨɜɨɞɢɬɢ� ɣɨɝɨ� ɨɛɪɨɛɤɭ� ɜ� ɟɥɟɤɬɪɢɱ-
ɧɨɦɭ�ɩɨɥɿ�ɡɦɿɧɧɨʀ�ɧɚɩɪɭɠɟɧɨɫɬɿ. ȼ�ɰɶɨɦɭ�ɜɢɩɚɞɤɭ�ɞɨ-
ɫɹɝɚɸɬɶɫɹ�ɛɿɥɶɲ�ɜɢɫɨɤɿ�ɪɟɡɭɥɶɬɚɬɢ�ɡɛɿɥɶɲɟɧɧɹ�ɱɢɫɬɨ-
ɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ. 

3. ɇɚɫɬɭɩɧɭ� ɨɛɪɨɛɤɭ� ɰɭɤɪɨɜɨɝɨ� ɪɨɡɱɢɧɭ� ɫɥɿɞ 
ɩɪɨɜɨɞɢɬɢ�ɜ�ɟɥɟɤɬɪɢɱɧɨɦɭ�ɩɨɥɿ�ɩɨɫɬɿɣɧɨʀ�ɧɚɩɪɭɠɟɧɨ-
ɫɬɿ. ɉɪɢ� ɰɶɨɦɭ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɨɫɬɭɩɨɜɟ� ɡɛɿɥɶɲɟɧɧɹ 
ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ. 

4. Ɂɚɩɪɨɩɨɧɨɜɚɧɟ� ɩɨɹɫɧɟɧɧɹ� ɩɪɨɰɟɫɿɜ, ɳɨ� ɩɪɢ-
ɜɨɞɹɬɶ�ɞɨ�ɡɛɿɥɶɲɟɧɧɹ�ɱɢɫɬɨɬɢ�ɰɭɤɪɨɜɢɯ�ɪɨɡɱɢɧɿɜ�ɩɪɢ 
ɣɨɝɨ� ɨɛɪɨɛɰɿ� ɡɦɿɧɧɢɦ� ɬɚ�ɩɨɫɬɿɣɧɢɦ� ɟɥɟɤɬɪɢɱɧɢɦ�ɩɨ-
ɥɟɦ. 

5. ȼɢɤɨɧɚɧɿ� ɞɨɫɥɿɞɠɟɧɧɹ� ɞɨɡɜɨɥɹɸɬɶ� ɫɩɪɨɟɤɬɭ-
ɜɚɬɢ�ɩɿɥɨɬɧɢɣ�ɚɩɚɪɚɬ�ɞɥɹ�ɦɨɠɥɢɜɨɫɬɿ�ɨɛɪɨɛɤɢ�ɰɭɤɪɨ-
ɜɨɝɨ�ɪɨɡɱɢɧɭ�ɜɩɪɨɞɨɜɠ�ɩɟɪɲɢɯ 2 -3 ɯɜɢɥɢɧ�ɜ�ɩɨɫɬɿɣ-
ɧɨɦɭ�ɟɥɟɤɬɪɢɱɧɨɦɭ�ɩɨɥɿ�ɿ�ɜ�ɧɚɫɬɭɩɧɿ 5 ɯɜɢɥɢɧ�ɜ�ɟɥɟɤ-
ɬɪɢɱɧɨɦɭ�ɩɨɥɿ�ɡɦɿɧɧɨʀ�ɧɚɩɪɭɠɟɧɨɫɬɿ. 

Ɉɛɪɨɛɤɚ�ɰɭɤɪɨɜɨɝɨ�ɪɨɡɱɢɧɭ�ɜ�ɟɥɟɤɬɪɢɱɧɨɦɭ�ɩɨɥɿ 
ɞɨɡɜɨɥɹɽ� ɨɬɪɢɦɚɬɢ� ɞɨɞɚɬɤɨɜɢɣ� ɰɭɤɨɪ� ɜɧɚɫɥɿɞɨɤ� ɪɨɡ-
ɪɢɜɭ� ɡɜ¶ɹɡɤɿɜ� ɰɭɤɪɨɡɢ� ɡ� ɧɟɰɭɤɪɚɦɢ� ɩɪɢ� ɦɿɧɿɦɚɥɶɧɢɯ 
ɡɚɬɪɚɬɚɯ�ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ. 
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SOME TECHNOLOGICAL PECULIARITIES OF CO2 – EXTRACTS 
OBTAINED FROM VEGETATIVE AND ANIMAL RAW MATERIAL 

The carbon dioxide in subcritical and supercritical states is used 
to extract valuable components from vegetative and animal raw material. 
The unique properties of this solvent in subcritical make it possible to 
extract selectively a complex of flavour and gustative substances with a 
comparatively small molecular mass. Proteins, carbohydrates and com-
ponents with a bigger molecular mass can not be extracted in this state. 
New schemes of supercritical installations which make it possible to ex-
tract the valuable components not only from both dry and from moist 
raw material have been worked out. 

Keywords: subcritical extraction, CO2 – extracts, supercritical 
extraction, carbon dioxide, chemical content, extraction installations. 

ɍɝɥɟɤɢɫɥɨɬɚ�ɜ�ɩɨɞɤɪɢɬɢɱɟɫɤɢɯ�ɢ�ɫɭɩɟɪɤɪɢɬɢɱɟɫɤɢɯ�ɝɨɫɭɞɚɪ-
ɫɬɜɚɯ� ɢɫɩɨɥɶɡɭɟɬɫɹ, ɱɬɨɛɵ� ɢɡɜɥɟɱɶ� ɰɟɧɧɵɟ� ɤɨɦɩɨɧɟɧɬɵ� ɢɡ� ɜɟɝɟɬɚ-
ɬɢɜɧɨɝɨ�ɢ�ɠɢɜɨɬɧɨɝɨ�ɫɵɪɨɝɨ�ɦɚɬɟɪɢɚɥɚ. ɍɧɢɤɚɥɶɧɵɟ�ɫɜɨɣɫɬɜɚ�ɷɬɨ-
ɝɨ� ɪɚɫɬɜɨɪɢɬɟɥɹ� ɩɪɢ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ� ɞɟɥɚɸɬ� ɜɨɡɦɨɠɧɵɦ 
ɢɡɜɥɟɱɟɧɢɟ� ɜɵɛɨɪɨɱɧɨ� ɤɨɦɩɥɟɤɫɚ� ɚɪɨɦɚɬɚ� ɢ� ɜɤɭɫɨɜɵɯ� ɫɭɛɫɬɚɧɰɢɣ 
ɫɨ� ɫɪɚɜɧɢɬɟɥɶɧɨ� ɦɚɥɟɧɶɤɢɦɢ� ɦɨɥɟɤɭɥɹɪɧɵɦɢ� ɦɚɫɫɚɦɢ. Ȼɟɥɤɢ, ɭɝ-
ɥɟɜɨɞɵ�ɢ�ɤɨɦɩɨɧɟɧɬɵ�ɫ�ɛɨɥɶɲɟɣ�ɦɨɥɟɤɭɥɹɪɧɨɣ�ɦɚɫɫɨɣ�ɧɟ�ɢɡɜɥɟɤɚ-
ɸɬɫɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ�ɧɨɜɵɟ�ɫɯɟɦɵ�ɫɭɩɟɪɤɪɢɬɢɱɟɫɤɢɯ�ɭɫɬɚɧɨɜɨɤ, ɤɨ-
ɬɨɪɵɟ� ɞɟɥɚɸɬ� ɜɨɡɦɨɠɧɵɦ� ɢɡɜɥɟɱɟɧɢɟ� ɰɟɧɧɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɧɟ 
ɬɨɥɶɤɨ�ɢɡ�ɜɵɫɭɲɟɧɧɨɝɨ, ɧɨ�ɢ�ɢɡ�ɜɥɚɠɧɨɝɨ�ɫɵɪɨɝɨ�ɦɚɬɟɪɢɚɥɚ. 

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ: ɩɨɞɤɪɢɬɢɱɟɫɤɚɹ�ɜɵɬɹɠɤɚ, CO2 - ɜɵɞɟɪɠ-
ɤɢ, ɫɭɩɟɪɤɪɢɬɢɱɟɫɤɚɹ� ɜɵɬɹɠɤɚ, ɭɝɥɟɤɢɫɥɨɬɚ, ɯɢɦɢɱɟɫɤɨɟ� ɫɨɞɟɪɠɢ-
ɦɨɟ, ɷɤɫɬɪɚɤɰɢɨɧɧɵɟ�ɭɫɬɚɧɨɜɤɢ. 

INTRODUCTION 
Sub- and supercritical fluidic extraction of compo-

nents from  vegetative and animal raw material  is an  area 
which considers the nature and regularities of liquefied 
and suppressed gases movement in selfcontained contour 
and is a part of continuous media mechanics. It has been 
formed in the past years as an independent section of 
applied physical chemistry and has integrated the 
achievements of gas dynamics, hydraulics and high 
temperature chemistry. 

At present the extraction methods of obtaining 
aroma and gustative substances  from  vegetative raw 
material  have been widely applied. The use of ex-
tracts is more effective. The well-known periodic and 
continuous extraction installations work at pressure 
close to atmospheric and use carbohydrates, spirits, 
ethers and ketons as a solvent. The disadvantage of 
this method and installations is that extraction by or-
ganic solvents does not always provide a complete 
withdrawal of aromatic and gustative substances. Be-
sides, when the solvent is evaporated  thermolabile 
substances of extracts are destroyed. It may be avoid-
ed when extraction of aromatic components from 
vegetative raw material is made by liquefied gases - 
argon, butane, propane, liquefied carbon dioxide, 
khladons etc.  In this case the pressure in extraction instal-
lations may significantly exceed the atmospheric pressure, 
however, the process of extraction is carried out at the 
temperature of the environment, sparing termolabile com-
ponents and produce high quality extracts.  

Traditional and innovative methods of extraction, 
properties of extracts and their application are of great in-

terest for the greate number of food industry specialists. 
However, a lot of data that are important for practical ap-
plication available in a broad variety of sources have not 
been systematized. This article is aimed to fill, in some 
degree, the saps in production technology and application 
of CO2 – extracts in food industry.  

In Russia research in the area of volatile oil bearing 
and spicy-aromatic extracts production and application 
technology with the use of Carbon Dioxide as a solvent 
started in the sixties of the twentieth century. 

It has been shown, that the most effective method of 
extracting  valuable components from spicy and aromatic 
raw material consists in application of liquefied and sup-
pressed gases and liquids, overheated in comparison  with 
the environment. The liquefied carbon dioxide has be-
come  dominant  in food industry as a solvent. 

As a liquid carbon dioxide can exist at pressure 
from 73,8 * 102 (critical pressure) up to 5,18 * 102 kPa 
(triple point) and corresponding temperatures from +31,1 
up to – 56,6 0C. 

When this solvent is applied a most complete ex-
traction of ether oils and other aromatic and gustative 
substances is achieved and most of disadvantages, typical 
of organic solvent extraction and evaporation are re-
moved. 

Fig. 1 shows the diagram of CO2 phase state. 
During the process of extraction it is necessary to 

maintain process temperature to achieve a more complete 
extraction during the working period.  

The strict control of temperature is necessary at dis-
tillation as the thermolabile substances are destructed at 
high temperatures and the appearance of extracts  

 

Fig. 1. The diagram of CO2 phase state 


