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Ɉɞɟɫɫɤɚɹ�ɧɚɰɢɨɧɚɥɶɧɚɹ�ɚɤɚɞɟɦɢɹ�ɩɢɳɟɜɵɯ�ɬɟɯɧɨɥɨɝɢɣ 
ɍɌɂɅɂɁȺɐɂə�ɌȿɉɅɈȼɕɏ�ɂ�ɋɕɊɖȿȼɕɏ�ɊȿɋɍɊɋɈȼ�ɉɊɂ 

ɉɊɈɂɁȼɈȾɋɌȼȿ�ɉɂɓȿȼɕɏ�ɄɈɇɐȿɇɌɊȺɌɈȼ 
ȼ� ɪɚɛɨɬɟ� ɩɪɨɜɟɞɟɧ� ɚɧɚɥɢɡ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɢ� ɷɤɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɛɥɟɦ� ɜ� ɬɟɯɧɨɥɨɝɢɹɯ� ɩɢɳɟɤɨɧɰɟɧɬɪɚɬɧɨɝɨ� ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɋɚɫ-
ɫɦɚɬɪɢɜɚɟɬɫɹ�ɫɢɫɬɟɦɚ�ɤɨɦɩɥɟɤɫɧɨɣ�ɭɬɢɥɢɡɚɰɢɢ�ɬɟɩɥɨɬɵ�ɢ�ɩɵɥɢ�ɝɨ-
ɬɨɜɨɝɨ�ɩɪɨɞɭɤɬɚ�ɧɚ�ɨɫɧɨɜɟ�ɬɟɪɦɨɫɢɮɨɧɧɨɝɨ�ɚɩɩɚɪɚɬɚ. Ɉɛɫɭɠɞɚɸɬɫɹ 
ɩɭɬɢ� ɩɟɪɟɪɚɛɨɬɤɢ� ɤɨɮɟɣɧɨɝɨ� ɲɥɚɦɚ. ɉɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɪɨɰɟɫɫɚ� ɫɭɲɤɢ� ɤɨɮɟɣɧɨɝɨ 
ɲɥɚɦɚ� ɜ� ɭɫɥɨɜɢɹɯ� ɢɧɮɪɚɤɪɚɫɧɨɝɨ� ɩɨɞɜɨɞɚ� ɷɧɟɪɝɢɢ. ɉɪɨɜɨɞɢɬɫɹ 
ɫɪɚɜɧɟɧɢɟ�ɤɢɧɟɬɢɤɢ�ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ�ɬɪɚɞɢɰɢɨɧɧɵɦɢ�ɦɟɬɨɞɚɦɢ�ɢ�ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɦɢɤɪɨɜɨɥɧɨɜɨɣ�ɬɟɯɧɢɤɢ.  

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ: ɷɧɟɪɝɟɬɢɤɚ� ɩɢɳɟɜɵɯ� ɤɨɧɰɟɧɬɪɚɬɨɜ, ɭɬɢ-
ɥɢɡɚɰɢɹ�ɬɟɩɥɨɬɵ, ɤɨɮɟɣɧɵɣ�ɲɥɚɦ, ɫɭɲɤɚ, ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟ. 

The analysis of energy loss and ecological problems in food con-
centrate production technologies has been given. The system of complex 
heat and final product dust utilization based on thermosiphon apparatus 
is considered. Ways of coffee sludge reprocessing are discussed. The re-
sults of the coffee sludge infrared drying process experimental modeling 
are given. The comparison of  the traditional extraction methods and 
microwave assisted extraction kinetics is made. 

Keywords: energy of food concentrates, utilization of heat, cof-
fee core boring, dehumidification, extracting. 

Ɂɚɞɚɱɚ�ɫɨɯɪɚɧɟɧɢɹ�ɩɪɨɞɭɤɬɚ�ɧɚ�ɞɥɢɬɟɥɶɧɨɟ�ɜɪɟ-
ɦɹ� ɬɪɟɛɭɟɬ� ɷɧɟɪɝɟɬɢɱɟɫɤɢ� ɡɚɬɪɚɬɧɵɯ� ɨɩɟɪɚɰɢɣ� ɨɛɟɡ-
ɜɨɠɢɜɚɧɢɹ. ɉɨɷɬɨɦɭ� ɩɪɨɢɡɜɨɞɫɬɜɨ� ɫɭɯɢɯ� ɩɢɳɟɜɵɯ 
ɤɨɧɰɟɧɬɪɚɬɨɜ�ɹɜɥɹɟɬɫɹ�ɷɧɟɪɝɨɟɦɤɨɣ�ɨɬɪɚɫɥɶɸ�ɜ�ȺɉɄ 
[1]. ɉɪɚɤɬɢɤɚ�ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ�ɨɞɧɢɦ�ɢɡ�ɩɪɢɨɪɢɬɟɬɧɵɯ 
ɩɭɬɟɣ� ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ� ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɣ – ɷɬɨ 
ɭɬɢɥɢɡɚɰɢɹ� ɷɧɟɪɝɢɢ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɜɵɛɪɨɫɨɜ [1]. 
ɋɚɦɨɫɬɨɹɬɟɥɶɧɨɣ�ɢ�ɜɚɠɧɨɣ�ɩɪɨɛɥɟɦɨɣ�ɫɱɢɬɚɟɬɫɹ�ɪɚɡ-
ɪɚɛɨɬɤɚ� ɫɯɟɦ� ɭɬɢɥɢɡɚɰɢɢ� ɫɵɪɶɟɜɵɯ� ɪɟɫɭɪɫɨɜ� ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ. ɗɬɨ� ɜɨɩɪɨɫɵ� ɢɡɜɥɟɱɟɧɢɹ� ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ 
ɱɚɫɬɢɰ�ɩɵɥɢ�ɤɨɮɟ�ɢɡ�ɚɷɪɨɡɨɥɶɧɵɯ�ɜɵɛɪɨɫɨɜ�ɪɚɫɩɵɥɢ-
ɬɟɥɶɧɨɣ�ɫɭɲɢɥɤɢ, ɨɬɤɪɵɬɵ�ɜɨɩɪɨɫɵ�ɢ�ɩɨ�ɭɬɢɥɢɡɚɰɢɢ 
ɦɧɨɝɨɬɨɧɧɚɠɧɵɯ� ɨɬɯɨɞɨɜ� ɩɪɨɢɡɜɨɞɫɬɜɚ – ɤɨɮɟɣɧɨɝɨ 
ɲɥɚɦɚ. ɋɢɫɬɟɦɧɵɣ� ɩɨɞɯɨɞ� ɩɨɡɜɨɥɢɬ� ɷɮɮɟɤɬɢɜɧɨ� ɪɟ-
ɲɚɬɶ�ɭɤɚɡɚɧɧɵɟ�ɡɚɞɚɱɢ�ɩɪɢ�ɤɨɦɩɥɟɤɫɧɨɣ�ɭɬɢɥɢɡɚɰɢɢ 
ɬɟɩɥɨɬɵ�ɢ�ɫɵɪɶɟɜɵɯ�ɨɬɯɨɞɨɜ�ɩɪɨɢɡɜɨɞɫɬɜɚ, ɞɚɫɬ�ɜɨɡ-
ɦɨɠɧɨɫɬɶ� ɩɪɚɜɢɥɶɧɨ� ɜɵɛɪɚɬɶ� ɩɪɢɨɪɢɬɟɬɵ, ɱɟɬɤɨ� ɤɨ-
ɨɪɞɢɧɢɪɨɜɚɬɶ� ɪɚɛɨɬɵ� ɩɨ� ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ� ɬɟɯɧɨ-
ɥɨɝɢɣ. Ɂɚɬɪɚɬɵ�ɧɚ�ɜɧɟɞɪɟɧɢɟ�ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ�ɬɟɯ-
ɧɨɥɨɝɢɣ� ɢ� ɨɛɨɪɭɞɨɜɚɧɢɹ� ɜɨɡɜɪɚɳɚɸɬɫɹ� ɛɵɫɬɪɨ, ɟɫɥɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɨɜɟɞɟɧɵ� ɧɚ� ɨɫɧɨɜɟ� ɫɨɜɪɟɦɟɧɧɵɯ�ɦɟ-
ɬɨɞɨɜ�ɷɧɟɪɝɨɷɤɨɥɨɝɢɱɟɫɤɨɝɨ�ɦɨɧɢɬɨɪɢɧɝɚ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ� ɦɨɧɢɬɨɪɢɧɝ� ɩɢɳɟɤɨɧɰɟɧ-
ɬɪɚɬɧɵɯ� ɩɪɨɢɡɜɨɞɫɬɜ. Ɇɟɬɨɞɚɦɢ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɚɭɞɢɬɚ [1] ɩɪɨɜɟɞɟɧ� ɚɧɚɥɢɡ� ɬɟɩɥɨɜɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɰɟ-
ɯɨɜ� ɩɨ� ɩɪɨɢɡɜɨɞɫɬɜɭ� ɪɚɫɬɜɨɪɢɦɨɝɨ� ɤɨɮɟ� ɢ� ɩɢɳɟɜɵɯ 
ɤɨɧɰɟɧɬɪɚɬɨɜ (ɪɢɫ.1). 

ɇɚɢɛɨɥɶɲɢɟ� ɩɨɬɟɪɢ� ɬɟɩɥɨɬɵ� ɨɬ� ɤɨɪɩɭɫɚ� ɨɛɠɚ-
ɪɨɱɧɨɝɨ� ɚɩɩɚɪɚɬɚ (ɈȺ)  ɉɪɨɛɚɬ -  4.5  ɤȼɬ;  ɨɬ� ɜɚɤɭɭɦ-  
ɜɵɩɚɪɧɨɣ� ɭɫɬɚɧɨɜɤɢ (ȼȼɍ) - 5.3 ɤȼɬ; ɨɬ� ɪɚɫɩɵɥɢ-
ɬɟɥɶɧɨɣ�ɫɭɲɢɥɤɢ (Ɋɋ) - 44 ɤȼɬ; ɨɬ�ɥɟɧɬɨɱɧɨɣ�ɫɭɲɢɥ-
ɤɢ – 23 ɤȼɬ. ȼɢɞɧɨ, ɱɬɨ� ɨɫɧɨɜɧɨɣ� ɢɫɬɨɱɧɢɤ� ɩɨɬɟɪɶ 
ɬɟɩɥɨɜɨɣ� ɷɧɟɪɝɢɢ – ɷɬɨ� ɫɭɲɢɥɶɧɵɟ� ɭɫɬɚɧɨɜɤɢ. 
ɋɥɟɞɭɟɬ� ɭɱɟɫɬɶ, ɱɬɨ� ɢɦɟɧɧɨ� ɧɚ� ɷɬɢɯ� ɭɫɬɚɧɨɜɤɚɯ 
ɨɳɭɬɢɦɵɟ� ɩɨɬɟɪɢ� ɷɧɟɪɝɢɢ� ɟɳɟ� ɢ� ɫ� ɨɬɪɚɛɨɬɚɜɲɢɦ 
ɫɭɲɢɥɶɧɵɦ�ɚɝɟɧɬɨɦ. ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɡɚɬɪɚɬɵ�ɷɧɟɪɝɢɢ�ɧɚ 
ɭɞɚɥɟɧɢɟ� ɜɥɚɝɢ� ɜ� ɩɪɨɰɟɫɫɟ� ɫɭɲɤɢ� ɜ� ɧɟɫɤɨɥɶɤɨ� ɪɚɡ 
ɜɵɲɟ, ɱɟɦ� ɷɧɟɪɝɢɹ�ɮɚɡɨɜɨɝɨ�ɩɟɪɟɯɨɞɚ�ɩɪɢ�ɩɚɪɨɨɛɪɚ-
ɡɨɜɚɧɢɢ [2]. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ�ɜɵɛɪɨɫɵ�ɫɭɲɢɥɶɧɨɝɨ�ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ� ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ� ɨɳɭɬɢɦɵɦɢ� ɩɨɬɟɪɹɦɢ� ɩɵɥɢ 
ɩɢɳɟɜɨɝɨ�ɩɪɨɞɭɤɬɚ. ɂɦɟɧɧɨ�ɩɵɥɶ�ɩɢɳɟɜɨɝɨ�ɩɪɨɞɭɤɬɚ 
ɧɟ� ɩɨɡɜɨɥɹɟɬ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɬɪɚɞɢɰɢɨɧɧɵɟ� ɤɨɧɫɬɪɭɤ-
ɰɢɢ� ɬɟɩɥɨɭɬɢɥɢɡɚɬɨɪɨɜ, ɩɨɫɤɨɥɶɤɭ� ɩɵɥɶ� ɡɚɛɢɜɚɟɬ 
ɬɟɩɥɨɩɟɪɟɞɚɸɳɭɸ�ɩɨɜɟɪɯɧɨɫɬɶ�ɢ�ɚɩɩɚɪɚɬ�ɫɬɚɧɨɜɢɬɫɹ 
ɧɟɷɮɮɟɤɬɢɜɧɵɦ. 

ɋɯɟɦɚ� ɫ� ɬɟɩɥɨɦɚɫɫɨɭɬɢɥɢɡɚɬɨɪɨɦ. Ɍɟɯɧɢɱɟ-
ɫɤɚɹ�ɢɞɟɹ�ɩɪɟɞɥɨɠɟɧɧɨɣ�ɫɢɫɬɟɦɵ�ɤɨɦɩɥɟɤɫɧɨɣ�ɭɬɢɥɢ-
ɡɚɰɢɢ�ɬɟɩɥɨɬɵ�ɢ�ɩɵɥɢ�ɩɢɳɟɜɨɝɨ�ɩɪɨɞɭɤɬɚ [3] ɨɫɧɨɜɚ-
ɧɚ�ɧɚ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɜ�ɚɩɩɚɪɚɬɟ�ɭɧɢɤɚɥɶɧɵɯ�ɬɟɩɥɨɨɛ-
ɦɟɧɧɵɯ�ɦɨɞɭɥɟɣ (ɬɟɪɦɨɫɢɮɨɧɨɜ) ɢ�ɨɪɢɝɢɧɚɥɶɧɨɣ�ɨɪ-
ɝɚɧɢɡɚɰɢɟɣ�ɩɪɨɰɟɫɫɚ�ɬɟɩɥɨɩɟɪɟɞɚɱɢ. ɋɭɬɶ�ɩɨɹɫɧɹɟɬɫɹ 
ɧɚ�ɫɯɟɦɟ (ɪɢɫ.2). 

Ɍɟɪɦɨɫɢɮɨɧɧɵɣ� ɬɟɩɥɨɦɚɫɫɨɭɬɢɥɢɡɚɬɨɪ (ɌɆɍ) 
ɫɟɤɰɢɟɣ� ɨɯɥɚɠɞɟɧɢɣ 3 ɩɨɞɤɥɸɱɚɟɬɫɹ� ɤ� ɜɵɯɨɞɭ� ɢɡ 
ɰɢɤɥɨɧɚ 2. ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ� ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɣ�ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ, ɬɟɩɥɨɨɛɦɟɧɧɵɯ�ɢ�ɦɚɫɫɨ-
ɨɛɦɟɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɩɨɬɨɤ�ɜ�ɌɆɍ�ɨɱɢɳɚɟɬɫɹ�ɨɬ�ɩɵɥɢ 
ɢ� ɜɨɞɹɧɨɝɨ� ɩɚɪɚ, ɨɛɪɚɡɭɟɬɫɹ� ɪɚɫɬɜɨɪ� ɩɢɳɟɜɨɝɨ� ɩɪɨ-
ɞɭɤɬɚ, ɤɨɬɨɪɵɣ�ɫɬɟɤɚɟɬ�ɫ�ɩɨɜɟɪɯɧɨɫɬɢ�ɬɟɪɦɨɫɢɮɨɧɨɜ. 
Ⱦɨɫɬɢɝɚɸɬɫɹ� ɬɪɢ� ɩɨɥɨɠɢɬɟɥɶɧɵɯ� ɪɟɡɭɥɶɬɚɬɚ. ȼɨ-
ɩɟɪɜɵɯ, ɨɱɢɳɟɧɧɵɣ�ɬɟɩɥɨɧɨɫɢɬɟɥɶ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɷɤɨ-
ɥɨɝɢɱɟɫɤɭɸ� ɱɢɫɬɨɬɭ� ɬɟɯɧɨɥɨɝɢɢ. ȼɨ�ɜɬɨɪɵɯ, ɭɥɚɜɥɢ-
ɜɚɸɬɫɹ� ɱɚɫɬɢɰɵ� ɞɨɪɨɝɨɝɨ� ɩɢɳɟɜɨɝɨ� ɩɪɨɞɭɤɬɚ.  ȼ-
ɬɪɟɬɶɢɯ, ɫɧɢɠɚɟɬɫɹ�ɪɚɫɯɨɞ�ɷɧɟɪɝɢɢ. Ȼɨɥɟɟ�ɬɨɝɨ, ɪɚɛɨ-
ɬɚ� ɚɩɩɚɪɚɬɚ� ɜ� ɬɚɤɨɦ� ɪɟɠɢɦɟ� ɨɛɟɫɩɟɱɢɜɚɟɬ «ɫɚɦɨɨɱɢ-
ɳɟɧɢɟ» ɩɨɜɟɪɯɧɨɫɬɢ� ɬɟɩɥɨɨɛɦɟɧɚ. Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, 
ɞɨɫɬɢɝɚɸɬɫɹ�ɪɟɠɢɦɵ�ɩɟɪɟɧɨɫɚ�ɫ�ɩɪɟɞɟɥɶɧɵɦɢ�ɬɟɩɥɨ-
ɬɟɯɧɢɱɟɫɤɢɦɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�ɚɩɩɚɪɚɬɚ. 

 

Ɋɢɫ. 1. Ɉɫɧɨɜɧɨɟ�ɷɧɟɪɝɨɟɦɤɨɟ�ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

Ɋɢɫ.2. ɋɢɫɬɟɦɚ�ɤɨɦɩɥɟɤɫɧɨɣ�ɭɬɢɥɢɡɚɰɢɢ�ɬɟɩɥɨɬɵ�ɢ 
ɩɵɥɢ�ɢɡ�ɚɷɪɨɡɨɥɶɧɵɯ�ɜɵɛɪɨɫɨɜ�ɫɭɲɢɥɨɤ: 1 – ɫɭɲɢɥɤɚ, 

2 – ɰɢɤɥɨɧ, 3 – ɫɟɤɰɢɹ�ɨɯɥɚɠɞɟɧɢɹ�ɌɆɍ, 4 - ɫɟɤɰɢɹ 
ɧɚɝɪɟɜɚ�ɌɆɍ, 5 – ɩɚɪɨɜɨɣ�ɤɚɥɨɪɢɮɟɪ 



ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  
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ɗɮɮɟɤɬ� ɫɚɦɨɨɱɢɳɟɧɢɹ� ɬɟɩɥɨɩɟɪɟɞɚɸɳɟɣ� ɩɨ-
ɜɟɪɯɧɨɫɬɢ� ɢ� ɞɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɩɪɟɞɥɨ-
ɠɟɧɧɭɸ�ɫɢɫɬɟɦɭ�ɤɨɦɩɥɟɤɫɧɨɣ� ɭɬɢɥɢɡɚɰɢɢ� ɬɟɩɥɨɬɵ�ɢ 
ɩɵɥɢ� ɜ� ɫɯɟɦɚɯ� ɫɭɲɢɥɶɧɨɝɨ� ɢ� ɩɟɱɧɨɝɨ� ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɩɢɳɟɜɵɯ�ɩɪɨɢɡɜɨɞɫɬɜ. Ɍɟɯɧɢɱɟɫɤɚɹ�ɢɞɟɹ�ɫɢɫɬɟɦɵ�ɫɨ-
ɫɬɨɢɬ�ɜ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɫɩɟɰɢɮɢɤɢ� ɨɬɪɚɛɨɬɚɧɧɨɝɨ� ɫɭ-
ɲɢɥɶɧɨɝɨ�ɚɝɟɧɬɚ (ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɶ�ɩɵɥɢ�ɢ�ɧɚɥɢɱɢɟ 
ɜ� ɩɨɬɨɤɟ� ɬɟɩɥɨɧɨɫɢɬɟɥɹ� ɱɢɫɬɨɝɨ� ɜɨɞɹɧɨɝɨ� ɩɚɪɚ) ɢ 
ɭɧɢɤɚɥɶɧɵɯ� ɨɫɨɛɟɧɧɨɫɬɹɯ� ɫɨɜɪɟɦɟɧɧɵɯ�ɦɨɞɭɥɟɣ� ɞɥɹ 
ɨɪɝɚɧɢɡɚɰɢɢ� ɬɟɩɥɨɩɟɪɟɞɚɱɢ -� ɞɜɭɯɮɚɡɧɵɯ� ɬɟɪɦɨɫɢ-
ɮɨɧɨɜ (Ɍɋ). ɉɨ� ɫɭɬɢ, ɩɪɟɞɥɨɠɟɧ� ɩɪɢɧɰɢɩɢɚɥɶɧɨ� ɧɨ-
ɜɵɣ� ɚɩɩɚɪɚɬ - ɬɟɩɥɨɦɚɫɫɨɭɬɢɥɢɡɚɬɨɪ (ɌɆɍ), ɜ� ɤɨɬɨ-
ɪɨɦ�ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɪɟɠɢɦ�ɫɚɦɨɨɱɢɳɟɧɢɹ�Ɍɋ� ɨɬ�ɩɵ-
ɥɢ, ɬ�ɟ. ɜɵɫɨɤɢɟ�ɢ�ɫɬɚɛɢɥɶɧɵɟ�ɡɧɚɱɟɧɢɹ�ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ. 

ɉɚɪɨɩɵɥɟɝɚɡɨɜɵɣ� ɩɨɬɨɤ� ɩɪɢ� ɨɛɬɟɤɚɧɢɢ� ɨɪɟɛ-
ɪɟɧɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɢɫɩɚɪɢɬɟɥɟɣ�Ɍɋ, ɪɚɡɦɟɳɟɧɧɵɯ�ɜ 
ɫɟɤɰɢɢ� ɨɯɥɚɠɞɟɧɢɹ� ɌɆɍ, ɢɧɢɰɢɢɪɭɟɬ� ɬɪɢ� ɩɪɨɰɟɫɫɚ. 
ȼɨ�ɩɟɪɜɵɯ, ɷɬɨ� ɤɨɧɜɟɤɬɢɜɧɵɣ� ɬɟɩɥɨɩɟɪɟɧɨɫ� ɨɬ� ɝɨɪɹ-
ɱɟɝɨ�ɬɟɩɥɨɧɨɫɢɬɟɥɹ�ɤ�Ɍɋ. ȼɨ�ɜɬɨɪɵɯ, ɷɬɨ�ɩɚɪɰɢɚɥɶɧɚɹ 
ɤɨɧɞɟɧɫɚɰɢɹ�ɜɨɞɹɧɨɝɨ�ɩɚɪɚ�ɢɡ�ɩɨɬɨɤɚ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ 
Ɍɋ, ɟɫɥɢ� ɞɨɫɬɢɝɧɭɬɵ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ� ɭɫɥɨɜɢɹ. ȼ-
ɬɪɟɬɶɢɯ, ɷɬɨ�ɨɫɚɠɞɟɧɢɟ�ɬɜɟɪɞɨɣ�ɮɚɡɵ, ɦɟɥɤɨɞɢɫɩɟɪɫ-
ɧɵɯ� ɱɚɫɬɢɰ� ɩɪɨɞɭɤɬɚ� ɜ� ɦɟɠɪɟɛɟɪɧɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟ 
Ɍɋ. ȼ�ɱɟɬɜɟɪɬɵɯ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ� ɤɨɧɞɟɧɫɚɬɚ� ɢ� ɫɥɨɹ 
ɩɵɥɢ (ɪɢɫ.2).  

Ɇɨɞɟɥɶ�ɮɨɪɦɢɪɨɜɚɧɢɹ� ɫɥɨɹ�ɬɜɟɪɞɵɯ�ɨɬɥɨɠɟɧɢɣ 
ɛɚɡɢɪɭɟɬɫɹ� ɧɚ� ɝɢɩɨɬɟɡɟ� ɩɪɟɞɟɥɶɧɨɝɨ� ɪɚɜɧɨɜɟɫɢɹ� ɦɚɫ-
ɫɨɩɟɪɟɧɨɫɚ (m). Ɍ�ɟ. ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ (m)� ɤɨɷɮ-
ɮɢɰɢɟɧɬɭ� ɫɤɨɪɨɫɬɢ� ɩɪɨɰɟɫɫɚ (k), ɤɨɧɰɟɧɬɪɚɰɢɢ� ɱɚ-
ɫɬɢɰ�ɩɪɨɞɭɤɬɚ�ɜ�ɩɨɬɨɤɟ (с), ɫɤɨɪɨɫɬɢ�ɧɚɛɟɝɚɸɳɟɝɨ�ɩɨ-
ɬɨɤɚ (w), ɪɟɡɟɪɜɭ� ɦɚɫɫɵ� ɨɫɚɠɞɟɧɢɹ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ 
(Dm) ɢ�ɜɪɟɦɟɧɢ�ɷɤɫɩɥɭɚɬɚɰɢɢ (t).  ɉɪɢɱɟɦ (Dm) ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ�ɤɚɤ�ɪɚɡɧɨɫɬɶ�ɤɨɧɟɱɧɨɣ�ɦɚɫɫɵ�ɨɫɚɠɞɟɧɢɹ (m¥)  
ɢ� ɦɚɫɫɵ� ɨɫɚɠɞɟɧɢɹ� ɩɵɥɢ (m)� ɜ� ɦɨɦɟɧɬ (t). Ɍɚɤ, ɜ 
ɭɫɥɨɜɢɹɯ�ɩɨɝɪɚɧɢɱɧɨɝɨ�ɫɥɨɹ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɡɚɤɨɧ�ɪɨɫɬɚ 
ɬɨɥɳɢɧɵ�ɫɥɨɹ�ɡɚɝɪɹɡɧɟɧɢɣ [2,3]: 

[ ])exp(1Re td kcwa --= , (1) 
Ɏɨɪɦɭɥɚ� ɢɦɟɟɬ� ɨɞɧɭ� ɧɟɡɚɜɢɫɢɦɭɸ� ɩɟɪɟɦɟɧɧɭɸ 

(t),�ɨɞɢɧ�ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ�ɪɚɡɦɟɪ, ɬɪɢ�ɩɚɪɚɦɟɬɪɚ�ɩɨɬɨ-
ɤɚ (с, n, w) ɢ�ɞɜɚ�ɷɦɩɢɪɢɱɟɫɤɢɯ�ɤɨɷɮɮɢɰɢɟɧɬɚ (k ɢ а).  

ɉɵɥɶ�ɫɚɯɚɪɚ, ɤɨɮɟ, ɫɭɯɨɝɨ�ɦɨɥɨɤɚ�ɢ�ɬ�ɩ. ɯɨɪɨɲɨ 
ɪɚɫɬɜɨɪɹɟɬɫɹ�ɜ�ɜɨɞɟ, ɩɨɷɬɨɦɭ�ɜ�ɭɫɥɨɜɢɹɯ�ɩɚɪɰɢɚɥɶɧɨɣ 
ɤɨɧɞɟɧɫɚɰɢɢ� ɛɭɞɟɬ� ɩɪɨɯɨɞɢɬɶ� ɧɚɫɵɳɟɧɢɟ� ɤɨɧɞɟɧɫɚ-
ɬɨɦ� ɫɥɨɹ� ɡɚɝɪɹɡɧɟɧɢɣ. Ɇɨɞɟɥɶ� ɬɚɤɨɝɨ�ɩɪɨɰɟɫɫɚ�ɩɪɟɞ-
ɫɬɚɜɥɹɟɬɫɹ�ɤɚɤ�ɬɪɟɯɡɨɧɧɚɹ. ȼ�ɩɟɪɜɨɣ�ɡɨɧɟ (ɤɨɧɫɨɥɢɞɚ-
ɰɢɢ) ɩɪɨɢɫɯɨɞɢɬ�ɪɚɫɲɢɪɟɧɢɟ�ɩɥɨɳɚɞɢ�ɩɹɬɟɧ�ɤɨɧɬɚɤɬɚ 
³ɩɪɨɞɭɤɬ -� ɩɨɜɟɪɯɧɨɫɬɶ� Ɍɋ”, ɪɚɫɬɭɬ� ɚɞɝɟɡɢɨɧ-
ɧɨ-ɤɨɝɟɡɢɨɧɧɵɟ� ɫɢɥɵ. ɇɚ� ɝɪɚɧɢɰɟ� ɩɟɪɜɨɣ� ɢ� ɜɬɨɪɨɣ 
ɡɨɧ�ɞɨɫɬɢɝɚɟɬɫɹ�ɦɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɚɞɝɟɡɢɨɧɧɵɯ 
ɫɢɥ. ȼɬɨɪɚɹ� ɡɨɧɚ (ɪɟɥɚɤɫɚɰɢɢ) ɩɟɪɟɯɨɞɢɬ� ɜ� ɬɪɟɬɶɸ - 
ɬɟɤɭɱɟɫɬɢ. Ɇɨɞɟɥɶ� ɩɨɞɬɜɟɪɠɞɟɧɚ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, 
ɩɨɥɭɱɟɧɵ� ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ� ɚɞɝɟɡɢɨɧɧɵɯ 
ɫɢɥ� ɨɬ� ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ� ɩɵɥɢ. Ɍɨɥɳɢɧɚ� ɩɥɟɧɤɢ� ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ�ɜ�ɬɪɟɬɶɟɣ�ɡɨɧɟ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɫɨɜɦɟɫɬɧɵɦ 
ɞɟɣɫɬɜɢɟɦ� ɫɢɥ� ɢɧɟɪɰɢɢ� ɩɨɬɨɤɚ, ɚɞɝɟɡɢɢ (Ра) ɢ� ɩɨ-
ɜɟɪɯɧɨɫɬɧɨɝɨ�ɧɚɬɹɠɟɧɢɹ (s).  

Ɉɛɪɚɛɨɬɤɚ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɜɵɩɨɥ-
ɧɟɧɚ�ɜ�ɜɢɞɟ�ɤɪɢɬɟɪɢɚɥɶɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ [2,3]:  

mn PWeAgRn )()(/ ==W sr   (2) 
ɂɡ W ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ� ɬɨɥɳɢɧɚ� ɩɥɟɧɤɢ, ɤɚɤ� ɪɚɡ-

ɧɨɫɬɶ�ɪɚɞɢɭɫɨɜ�ɩɥɟɧɤɢ (Rп) ɢ�Ɍɋ (Rт) ɜ�ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ� ɱɢɫɥɚ� ȼɟɛɟɪɚ (We) ɢ� ɛɟɡɪɚɡɦɟɪɧɨɝɨ� ɤɨɦɩɥɟɤɫɚ 
P=PaRт/s, ɤɨɬɨɪɵɣ�ɩɨɤɚɡɵɜɚɟɬ�ɫɨɨɬɧɨɲɟɧɢɟ�ɫɢɥ�ɚɞ-
ɝɟɡɢɢ� ɢ� ɫɢɥ� ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ� ɧɚɬɹɠɟɧɢɹ. Ⱦɥɹ� ɪɚɡɧɵɯ 
ɜɢɞɨɜ�ɩɪɨɞɭɤɬɚ�ɧɚɣɞɟɧɵ�ɩɨɫɬɨɹɧɧɵɟ�ɜ�ɭɪɚɜɧɟɧɢɢ (2). 
Ɉɩɬɢɦɢɡɚɰɢɹ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɢ� ɪɟɠɢɦɧɵɯ� ɩɚɪɚɦɟɬ-
ɪɨɜ� ɬɟɩɥɨɦɚɫɫɨɭɬɢɥɢɡɚɬɨɪɚ� ɢ� ɜɵɛɨɪ� ɬɟɩɥɨɜɨɣ�ɢɡɨɥɹ-
ɰɢɢ�ɩɪɨɜɨɞɹɬɫɹ� ɧɚ�ɨɫɧɨɜɟ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɨɛɫɥɟɞɨɜɚ-
ɧɢɣ�ɤɨɧɤɪɟɬɧɨɣ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ�ɥɢɧɢɢ. Ɍɚɤ, ɜ�ɥɢɧɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ� ɪɚɫɬɜɨɪɢɦɨɝɨ� ɤɨɮɟ� ɬɟɩɥɨɦɚɫɫɨɭɬɢɥɢɡɚ-
ɬɨɪ�ɫɧɢɠɚɟɬ�ɪɚɫɯɨɞ�ɬɨɩɥɢɜɚ�ɧɚ 17…18 %, ɢ�ɭɥɚɜɥɢɜɚ-
ɟɬ�ɞɨ 99 % ɤɨɮɟɣɧɨɣ�ɩɵɥɢ�ɢɡ�ɚɷɪɨɡɨɥɶɧɵɯ�ɜɵɛɪɨɫɨɜ 
ɫɭɲɢɥɤɢ [2]. ɋɪɨɤ�ɟɝɨ�ɨɤɭɩɚɟɦɨɫɬɢ: ɞɨ 9 ɦɟɫɹɰɟɜ. ɂɫ-
ɩɨɥɶɡɨɜɚɧɢɟ�ɚɜɬɨɧɨɦɧɵɯ�ɬɟɪɦɨɫɢɮɨɧɨɜ�ɨɛɥɟɝɱɚɟɬ�ɡɚ-
ɞɚɱɭ� ɨɩɬɢɦɢɡɚɰɢɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ, ɩɨɡ-
ɜɨɥɹɟɬ� ɭɫɬɚɧɨɜɢɬɶ� ɷɤɨɧɨɦɢɱɧɵɣ� ɭɬɢɥɢɡɚɬɨɪ, ɦɚɤɫɢ-
ɦɚɥɶɧɨ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ�ɧɚɝɪɭɡɤɟ [3]. 

ɗɤɨɥɨɝɢɱɟɫɤɢɣ� ɦɨɧɢɬɨɪɢɧɝ� ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɪɚɫɬɜɨɪɢɦɨɝɨ�ɤɨɮɟ. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ�ɩɪɟɞɩɪɢɹɬɢɹ 
ɩɨ� ɩɪɨɢɡɜɨɞɫɬɜɭ� ɪɚɫɬɜɨɪɢɦɨɝɨ� ɤɨɮɟ� ɨɤɚɡɵɜɚɟɬ� ɫɟɪɶ-
ɟɡɧɭɸ� ɧɚɝɪɭɡɤɭ� ɧɚ� ɨɤɪɭɠɚɸɳɭɸ� ɫɪɟɞɭ. Ɂɚɝɪɹɡɧɢɬɟ-
ɥɹɦɢ  ɚɬɦɨɫɮɟɪɵ�ɹɜɥɹɸɬɫɹ�ɫɨɫɬɚɜɥɹɸɳɢɟ�ɩɨɬɨɤɚ�ɨɬ-
ɪɚɛɨɬɚɜɲɟɝɨ� ɬɟɩɥɨɧɨɫɢɬɟɥɹ: ɜɥɚɝɚ� ɢ� ɩɵɥɶ� ɤɨɮɟ, ɚ 
ɬɚɤɠɟ, ɬɟɩɥɨɬɚ. Ɂɚ� ɝɨɞ� ɧɚ� ɨɞɧɨɣ� ɭɫɬɚɧɨɜɤɟ� ɬɟɪɹɟɬɫɹ 
4,5 ɬ� ɩɨɪɨɲɤɚ� ɤɨɮɟ. ɂɫɬɨɱɧɢɤɚɦɢ� ɡɚɝɪɹɡɧɟɧɢɣ� ɥɢɬɨ-
ɫɮɟɪɵ� ɹɜɥɹɟɬɫɹ� ɤɨɮɟɣɧɵɣ� ɲɥɚɦ. ɇɚ 1 ɤɝ� ɝɨɬɨɜɨɝɨ 
ɩɪɨɞɭɤɬɚ� ɨɛɪɚɡɭɟɬɫɹ 6…8 ɤɝ� ɤɨɮɟɣɧɨɝɨ� ɲɥɚɦɚ. Ɍɟɯ-
ɧɢɤɚ� ɜɵɝɪɭɡɤɢ� ɩɪɟɞɩɨɥɚɝɚɟɬ� ɩɨɥɭɱɟɧɢɟ� ɧɚ� ɜɵɯɨɞɟ 
ɠɢɞɤɨɣ�ɢ�ɬɜɟɪɞɨɣ�ɱɚɫɬɟɣ�ɲɥɚɦɚ.  

ɋɢɫɬɟɦɵ� ɷɤɨɥɨɝɢɱɟɫɤɨɣ� ɡɚɳɢɬɵ� ɞɨɥɠɧɵ� ɛɵɬɶ 
ɧɚɩɪɚɜɥɟɧɵ�ɧɚ�ɭɥɚɜɥɢɜɚɧɢɟ�ɢɡ�ɚɷɪɨɡɨɥɶɧɵɯ�ɜɵɛɪɨɫɨɜ 
ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ�ɫɭɲɢɥɤɢ� ɬɟɩɥɨɬɵ, ɜɥɚɝɢ� ɢ�ɩɵɥɢ�ɩɢ-
ɳɟɜɨɝɨ� ɩɪɨɞɭɤɬɚ. Ɍɟɩɥɨɦɚɫɫɨɭɬɢɥɢɡɚɬɨɪ� ɪɚɡɞɟɥɹɟɬ 
ɚɷɪɨɡɨɥɶɧɵɣ� ɩɨɬɨɤ� ɧɚ� ɱɢɫɬɵɣ� ɜɨɡɞɭɯ, ɤɨɬɨɪɵɣ� ɜɨɡ-
ɜɪɚɳɚɟɬɫɹ�ɜ�ɨɤɪɭɠɚɸɳɭɸ� ɫɪɟɞɭ, ɢ�ɪɚɫɬɜɨɪ�ɤɨɮɟ, ɤɨ-
ɬɨɪɵɣ�ɢɫɩɨɥɶɡɭɟɬɫɹ�ɜ�ɬɟɯɧɨɥɨɝɢɢ, ɫɦɟɲɢɜɚɟɬɫɹ�ɫ�ɩɟɪ-
ɜɢɱɧɵɦ� ɷɤɫɬɪɚɤɬɨɦ. ȼ�ɩɪɨɰɟɫɫɟ� ɪɚɡɞɟɥɟɧɢɹ� ɭɬɢɥɢɡɢ-
ɪɭɟɬɫɹ� ɬɟɩɥɨɬɚ, ɤɨɬɨɪɚɹ� ɢɞɟɬ� ɧɚ� ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ 
ɧɚɝɪɟɜ�ɜɨɡɞɭɯɚ�ɩɟɪɟɞ�ɤɚɥɨɪɢɮɟɪɨɦ. 

ɋɚɦɨɫɬɨɹɬɟɥɶɧɨɣ� ɡɚɞɚɱɟɣ� ɹɜɥɹɟɬɫɹ� ɭɬɢɥɢɡɚɰɢɹ 
ɤɨɮɟɣɧɨɝɨ�ɲɥɚɦɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ�ɷɬɨɬ�ɲɥɚɦ�ɫɨɞɟɪɠɢɬ 
ɞɨ 8 % ɦɚɫɥɚ�ɤɨɮɟ, ɰɟɧɧɵɟ�ɛɟɥɤɢ. Ɇɚɫɥɨ�ɤɨɮɟ, ɚɧɚɥɨɝ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ�ɦɚɫɥɚ�ɤɚɤɚɨ, ɩɪɟɞɫɬɚɜɥɹɟɬ�ɢɧɬɟɪɟɫ 
ɞɥɹ� ɩɚɪɮɸɦɟɪɧɨɣ, ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɤɨɧɞɢɬɟɪɫɤɨɣ 
ɢ�ɯɥɟɛɨɩɟɤɚɪɧɨɣ�ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɉɪɟɞɥɚɝɚɟɬɫɹ� ɫɯɟɦɚ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ�ɢɡɜɥɟɱɟ-
ɧɢɹ�ɰɟɧɧɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɢɡ�ɤɨɮɟɣɧɨɝɨ�ɲɥɚɦɚ.  

ɇɚ�ɩɟɪɜɨɦ�ɷɬɚɩɟ�ɢɡɜɥɟɤɚɟɬɫɹ�ɦɚɫɥɨ�ɤɨɮɟ. ɉɨɥɭ-
ɱɚɟɬɫɹ�ɨɛɟɡɠɢɪɟɧɧɵɣ�ɲɥɚɦ. ɇɚ�ɜɬɨɪɨɦ�ɷɬɚɩɟ�ɦɟɬɨɞɨɦ 
ɛɚɪɨɬɟɪɦɢɱɟɫɤɨɣ�ɨɛɪɚɛɨɬɤɢ�ɚɤɬɢɜɢɪɭɟɬɫɹ�ɛɟɥɨɤ,  

 

Ɋɢɫ. 3. ɋɯɟɦɚ�ɭɬɢɥɢɡɚɰɢɢ�ɚɷɪɨɡɨɥɶɧɵɯ�ɜɵɛɪɨɫɨɜ 



ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  
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�ɤɨɬɨɪɵɣ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɤɚɤ� ɫɜɹɡɵɜɚɸɳɢɣ� ɦɚɬɟɪɢɚɥ 
ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɤɢɪɩɢɱɟɣ� ɢ� ɞɪɭɝɢɯ� ɫɬɪɨɢɬɟɥɶɧɵɯ�ɦɚ-
ɬɟɪɢɚɥɨɜ (ɪɢɫ. 4). Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɤɨɦɩɥɟɤɫɧɨ� ɪɟɲɚ-
ɟɬɫɹ�ɩɪɨɛɥɟɦɚ�ɷɮɮɟɤɬɢɜɧɨɝɨ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɪɟɫɭɪɫɨɜ 
ɜ�ɬɟɯɧɨɥɨɝɢɢ�ɤɨɮɟɩɪɨɞɭɤɬɨɜ. ɉɪɢ�ɭɬɢɥɢɡɚɰɢɢ�ɲɥɚɦɚ 
ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟɦ�ɜɵɞɟɥɹɟɬɫɹ�ɦɚɫɥɨ�ɤɨɮɟ. Ⱥɤɬɢɜɚɰɢɹ 
ɨɛɟɡɠɢɪɟɧɧɨɝɨ�ɲɥɚɦɚ�ɩɨɡɜɨɥɹɟɬ�ɩɨɥɭɱɢɬɶ�ɫɜɹɡɭɸɳɢɣ 
ɤɨɦɩɨɧɟɧɬ� ɢ� ɢɡɝɨɬɨɜɥɹɬɶ� ɧɚ� ɨɫɧɨɜɟ� ɬɨɥɶɤɨ� ɲɥɚɦɚ 
ɫɬɪɨɢɬɟɥɶɧɵɟ�ɦɚɬɟɪɢɚɥɵ, ɤɢɪɩɢɱɢ. 

ɉɨɫɥɟ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ� ɤɨɮɟɣɧɵɣ� ɲɥɚɦ� ɫɨɞɟɪ-
ɠɢɬ�ɞɨ 4% ɷɤɫɬɪɚɤɬɢɜɧɵɯ�ɜɟɳɟɫɬɜ [4]. ɇɚɢɛɨɥɟɟ�ɰɟɧ-
ɧɵɦɢ� ɤɨɦɩɨɧɟɧɬɚɦɢ� ɤɨɮɟɣɧɨɝɨ�ɲɥɚɦɚ, ɰɟɥɟɫɨɨɛɪɚɡ-
ɧɵɦɢ�ɞɥɹ�ɞɚɥɶɧɟɣɲɟɣ�ɩɟɪɟɪɚɛɨɬɤɢ�ɹɜɥɹɸɬɫɹ: ɤɨɮɟɣ-
ɧɨɟ�ɦɚɫɥɨ (7 – 12 %), ɰɟɥɸɥɥɨɡɚ�ɢ�ɥɢɝɧɢɧ (60 – 75 %), 
ɫɦɟɫɶ� ɜɤɭɫɨ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɜɟɳɟɫɬɜ (ɤɨɮɟɨɥɶ) – (3 – 
5 %), ɛɟɥɨɤ (5 – 7 %) [5].Ɍɚɤɠɟ�ɜ�ɤɨɮɟɣɧɨɦ�ɲɥɚɦɟ�ɫɨ-
ɞɟɪɠɚɬɫɹ� ɦɚɤɪɨ-  ɢ� ɦɢɤɪɨɷɥɟɦɟɧɬɵ� ɢ� ɜɢɬɚɦɢɧɵ� ȼ2

 ɢ 
ɊɊ [4]. ȼ�Ɋɨɫɫɢɢ�ɬɚɤɠɟ�ɩɪɟɞɥɨɠɟɧɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɭ-
ɯɨɣ� ɲɥɚɦ� ɜ� ɩɪɨɢɡɜɨɞɫɬɜɟ� ɤɨɦɛɢɤɨɪɦɨɜ� ɢ� ɤɨɪɦɨɜɵɯ 
ɜɢɬɚɦɢɧɧɵɯ� ɞɨɛɚɜɨɤ� ɞɥɹ� ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ� ɠɢ-
ɜɨɬɧɵɯ�ɢ�ɩɬɢɰɵ. Ɉɞɧɚɤɨ�ɩɪɢ�ɩɟɪɟɪɚɛɨɬɤɟ� ɤɨɮɟɣɧɨɝɨ 
ɲɥɚɦɚ� ɜ� ɤɨɪɦɚ� ɬɪɟɛɭɟɬɫɹ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ�ɢɡɜɥɟɱɶ�ɢɡ 
ɧɟɝɨ�ɤɨɮɟɢɧ, ɤɨɬɨɪɵɣ� ɨɤɚɡɵɜɚɟɬ� ɜɨɡɛɭɠɞɚɸɳɟɟ� ɞɟɣ-
ɫɬɜɢɟ�ɧɚ�ɧɟɪɜɧɭɸ�ɫɢɫɬɟɦɭ�ɠɢɜɨɬɧɵɯ [6].  

ȼɫɥɟɞɫɬɜɢɟ� ɜɵɫɨɤɨɣ� ɜɥɚɠɧɨɫɬɢ� ɲɥɚɦɚ (80 – 

82 %) ɧɟɨɛɯɨɞɢɦɚ� ɫɭɲɤɚ� ɲɥɚɦɚ� ɩɟɪɟɞ� ɞɚɥɶɧɟɣɲɟɣ 
ɨɛɪɚɛɨɬɤɨɣ.  

ȼ� ɩɨɫɥɟɞɧɟɟ� ɜɪɟɦɹ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɩɨɥɭɱɚɟɬ� ɢɧɮɪɚɤɪɚɫɧɵɣ� ɧɚɝɪɟɜ� ɩɢɳɟɜɵɯ� ɩɪɨɞɭɤɬɨɜ. 
ɂɧɮɪɚɤɪɚɫɧɨɟ�ɢɡɥɭɱɟɧɢɟ – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ�ɢɡɥɭɱɟ-
ɧɢɟ, ɨɯɜɚɬɵɜɚɸɳɟɟ� ɞɢɚɩɚɡɨɧ� ɜɨɥɧ� ɨɬ 0,75 ɞɨ 1000 
ɦɤɦ. Ɇɟɯɚɧɢɡɦ� ɩɨɝɥɨɳɟɧɢɹ� ɷɧɟɪɝɢɢ� ɢɧɮɪɚɤɪɚɫɧɵɯ 
ɜɨɥɧ� ɫɨɫɬɨɢɬ� ɜ� ɢɡɦɟɧɟɧɢɢ� ɜɢɛɪɚɰɢɨɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ 
ɦɨɥɟɤɭɥ. ȼ�ɰɟɥɨɦ�ɬɜɟɪɞɵɟ�ɦɚɬɟɪɢɚɥɵ�ɩɨɝɥɨɳɚɸɬ�ɂɄ- 
ɢɡɥɭɱɟɧɢɟ� ɬɨɥɶɤɨ� ɜ� ɬɨɧɤɨɦ� ɩɨɜɟɪɯɧɨɫɬɧɨɦ� ɫɥɨɟ. ȼ 
ɩɨɪɢɫɬɵɟ� ɜɥɚɠɧɵɟ� ɦɚɬɟɪɢɚɥɵ� ɢɡɥɭɱɟɧɢɟ� ɩɪɨɧɢɤɚɟɬ 
ɧɚ�ɨɩɪɟɞɟɥɟɧɧɭɸ�ɝɥɭɛɢɧɭ, ɚ�ɢɯ�ɩɪɨɜɨɞɢɦɨɫɬɶ�ɡɚɜɢɫɢɬ 
ɨɬ� ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ. ɉɨɝɥɨɳɟɧɢɟ� ɂɄ�ɷɧɟɪɝɢɢ� ɜɨɞɨɣ 
ɩɪɟɨɛɥɚɞɚɟɬ� ɧɚ� ɜɫɟɯ� ɞɥɢɧɚɯ� ɜɨɥɧ,  ɱɬɨ� ɩɨɡɜɨɥɹɟɬ� ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ�ɲɢɪɨɤɢɣ�ɞɢɚɩɚɡɨɧ�ɂɄ�ɢɡɥɭɱɚɬɟɥɟɣ [7].  

Ⱦɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɤɢɧɟɬɢɤɢ� ɩɪɨɰɟɫɫɚ� ɫɭɲɤɢ 
ɲɥɚɦɚ�ɫ�ɩɨɦɨɳɶɸ�ɂɄ�ɢɡɥɭɱɟɧɢɹ�ɢɫɩɨɥɶɡɭɟɬɫɹ�ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɣ� ɫɬɟɧɞ, ɫɨɫɬɨɹɳɢɣ� ɢɡ� ɷɥɟɤɬɪɨɧɧɵɯ� ɜɟ-
ɫɨɜ, ɂɄ�ɤɚɦɟɪɵ, ɫɢɫɬɟɦɵ� ɢɡɦɟɪɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɨɞɭɤɬɚ�ɢ�ɜɨɡɞɭɯɚ�ɜ�ɤɚɦɟɪɟ�ɢ�ɩɨɞɜɟɞɟɧɧɨɣ�ɦɨɳɧɨɫ-
ɬɢ. ȼ�ɨɩɵɬɚɯ�ɨɩɪɟɞɟɥɹɥɢ�ɡɚɜɢɫɢɦɨɫɬɢ�ɬɟɤɭɳɟɣ�ɜɥɚɠ-
ɧɨɫɬɢ� ɩɪɨɞɭɤɬɚ� ɢ� ɬɟɦɩɟɪɚɬɭɪɵ� ɨɬ� ɭɞɟɥɶɧɨɣ� ɦɚɫɫɵ 
ɲɥɚɦɚ�ɢ�ɭɞɟɥɶɧɨɣ�ɦɨɳɧɨɫɬɢ�ɩɨɞɜɟɞɟɧɧɨɣ�ɷɧɟɪɝɢɢ. ȼ 
ɤɚɦɟɪɟ� ɪɚɫɩɨɥɚɝɚɥɢ� ɲɥɚɦ� ɭɞɟɥɶɧɨɣ� ɦɚɫɫɨɣ 

2,5…10 ɤɝ�ɦ2� ɩɪɢ� ɫɤɨɪɨɫɬɢ� ɜɨɡɞɭɯɚ�ɧɚ� ɜɵɯɨɞɟ�ɢɡ� ɤɚ-
ɦɟɪɵ 0 – 2,5 ɦ�ɫ. Ɏɢɤɫɢɪɨɜɚɥɚɫɶ� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɨɛɪɚɛɨɬɤɢ,  ɬɟɦɩɟɪɚɬɭɪɚ� ɢ� ɦɚɫɫɚ�ɲɥɚɦɚ� ɜɨ� ɜɪɟɦɹ� ɨɛ-
ɪɚɛɨɬɤɢ. ɍɞɟɥɶɧɚɹ� ɦɚɫɫɚ� ɦɚɬɟɪɢɚɥɚ (g) ɩɨɤɚɡɵɜɚɟɬ 
ɦɚɫɫɭ (m) ɩɪɨɞɭɤɬɚ�ɧɚ�ɟɞɢɧɢɰɭ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɛɪɚɛɨɬ-
ɤɢ (F). ɍɞɟɥɶɧɚɹ� ɦɨɳɧɨɫɬɶ� ɩɨɤɚɡɵɜɚɟɬ� ɤɨɥɢɱɟɫɬɜɨ 
ɂɄ�ɷɧɟɪɝɢɢ, ɤɨɬɨɪɨɟ�ɩɨɞɜɨɞɢɬɫɹ�ɤ 1 ɦ2�ɨɛɪɚɛɚɬɵɜɚɟ-
ɦɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɟɪɦɨɝɪɚɦɦɵ�ɫɭɲɤɢ�ɩɪɢɜɟɞɟɧɵ�ɧɚ 
ɪɢɫ. 5. 

Ʉɚɤ�ɜɢɞɧɨ�ɧɚ�ɪɢɫɭɧɤɟ 5, ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɦɨɳɧɨɫ-
ɬɢ� ɩɨɞɜɟɞɟɧɧɨɣ�ɂɄ�ɷɧɟɪɝɢɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ� ɫɤɨɪɨɫɬɶ 
ɪɨɫɬɚ� ɬɟɦɩɟɪɚɬɭɪɵ�ɩɪɨɞɭɤɬɚ. Ȼɵɫɬɪɵɣ�ɪɨɫɬ� ɬɟɦɩɟɪɚ-
ɬɭɪɵ� ɞɨ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɜɵɫɨɤɨɝɨ� ɡɧɚɱɟɧɢɹ (102 ºɋ) 
ɭɤɚɡɵɜɚɟɬ�ɧɚ�ɬɨ,  ɱɬɨ�ɱɚɫɬɶ�ɩɨɞɜɟɞɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɢɞɟɬ 
ɧɟ�ɬɨɥɶɤɨ�ɧɚ�ɢɫɩɚɪɟɧɢɟ�ɜɥɚɝɢ, ɧɨ�ɢ�ɧɚ�ɧɚɝɪɟɜ�ɩɪɨɞɭɤ-
ɬɚ. Ʌɢɧɢɢ�ɩɪɨɰɟɫɫɚ�ɫɭɲɤɢ�ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫ. 6. 

ɍɞɚɥɟɧɢɟ�ɜɥɚɝɢ�ɧɚɱɢɧɚɟɬɫɹ�ɜ�ɬɟɱɟɧɢɟ�ɩɟɪɜɵɯ 10 
ɦɢɧɭɬ�ɨɛɪɚɛɨɬɤɢ (ɪɢɫ.6).  

 

Ɋɢɫ. 4. ɋɯɟɦɚ�ɭɬɢɥɢɡɚɰɢɢ�ɤɨɮɟɣɧɨɝɨ�ɲɥɚɦɚ 

 

Ɋɢɫ. 5. Ɍɟɪɦɨɝɪɚɦɦɵ�ɫɭɲɤɢ�ɲɥɚɦɚ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɭɞɟɥɶɧɨɣ�ɡɚɝɪɭɡɤɢ�ɢ�ɨɬ�ɭɞɟɥɶɧɨɝɨ�ɩɨɞɜɨɞɚ�ɷɧɟɪɝɢɢ 

 

Ɋɢɫ. 6. Ʌɢɧɢɢ�ɫɭɲɤɢ�ɲɥɚɦɚ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɭɞɟɥɶɧɨɝɨ�ɩɨɞɜɨɞɚ�ɷɧɟɪɝɢɢ�ɢ�ɭɞɟɥɶɧɨɣ�ɡɚɝɪɭɡɤɢ 
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ɉɪɢ� ɷɬɨɦ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ�ɦɨɳɧɨɫɬɢ�ɂɄ�ɢɡɥɭɱɟɧɢɹ� ɢ 
ɭɦɟɧɶɲɟɧɢɟɦ� ɬɨɥɳɢɧɵ� ɫɥɨɹ� ɲɥɚɦɚ (ɭɞɟɥɶɧɨɣ� ɡɚɝɪɭɡɤɢ), 
ɫɤɨɪɨɫɬɶ�ɫɭɲɤɢ�ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɋɤɨɪɨɫɬɶ�ɫɭɲɤɢ�ɫɨɫɬɚɜɥɹɥɚ 
0,6 – 1,8 %/ɦɢɧ. ɂɧɬɟɧɫɢɜɧɨɟ�ɭɞɚɥɟɧɢɟ�ɜɥɚɝɢ�ɩɪɢ�ɞɨɫɬɚɬɨɱ-
ɧɨ�ɧɢɡɤɢɯ�ɬɟɦɩɟɪɚɬɭɪɚɯ (40 – 50 ºɋ) ɨɛɴɹɫɧɹɟɬɫɹ�ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɵɦ�ɞɟɣɫɬɜɢɟɦ�ɂɄ�ɢɡɥɭɱɟɧɢɹ�ɧɚ�ɩɪɨɞɭɤɬ�ɢ�ɩɨɝɥɨɳɟ-
ɧɢɹ�ɷɧɟɪɝɢɢ�ɜɨɞɨɣ. ɂɡɭɱɚɥɨɫɶ�ɬɚɤɠɟ�ɜɥɢɹɧɢɟ�ɫɤɨɪɨɫɬɢ�ɜɨɡ-
ɞɭɯɚ� ɜ� ɫɭɲɢɥɶɧɨɣ� ɤɚɦɟɪɟ� ɧɚ� ɤɢɧɟɬɢɤɭ� ɫɭɲɤɢ�ɲɥɚɦɚ.  ɂɡ-
ɜɟɫɬɧɨ, ɱɬɨ� ɭɦɟɧɶɲɟɧɢɟ� ɫɨɞɟɪɠɚɧɢɹ� ɜɥɚɝɢ�ɜ� ɨɤɪɭɠɚɸɳɟɦ 
ɜɨɡɞɭɯɟ�ɭɜɟɥɢɱɢɜɚɟɬ�ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ. Ɉɞɧɚɤɨ 
ɫ� ɜɨɡɞɭɯɨɦ� ɢɡ� ɤɚɦɟɪɵ� ɧɚɛɥɸɞɚɸɬɫɹ� ɩɨɬɟɪɢ� ɬɟɩɥɨɬɵ, ɱɬɨ 
ɧɟɝɚɬɢɜɧɨ� ɜɥɢɹɟɬ� ɧɚ� ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɪɨɰɟɫɫɚ. Ʉɚɤ 
ɜɢɞɧɨ�ɢɡ�ɪɢɫ. 7, ɩɪɢ�ɧɢɡɤɢɯ�ɫɤɨɪɨɫɬɹɯ�ɞɜɢɠɟɧɢɹ�ɜɨɡɞɭɯɚ�ɜ 
ɤɚɦɟɪɟ,  ɩɟɪɢɨɞ�ɩɚɞɚɸɳɟɣ�ɫɤɨɪɨɫɬɢ�ɫɭɲɤɢ�ɩɨɱɬɢ�ɧɟ�ɜɵɪɚ-
ɠɟɧ, ɱɬɨ�ɨɛɴɹɫɧɹɟɬɫɹ�ɪɚɞɢɚɰɢɨɧɧɵɦ�ɩɨɞɜɨɞɨɦ�ɷɧɟɪɝɢɢ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ�ɩɪɨɰɟɫɫɚ�ɫɭɲɤɢ�ɜ�ɩɨɞɜɢɠɧɨɦ�ɫɥɨɟ�ɩɪɨ-
ɜɨɞɢɥɢ�ɧɚ�ɭɧɢɜɟɪɫɚɥɶɧɨɦ�ɫɬɟɧɞɟ�ɞɥɹ�ɋȼɑ�ɢ�ɂɄ�ɨɛɪɚɛɨɬɤɢ 
ɩɢɳɟɜɨɝɨ�ɫɵɪɶɹ, ɤɨɬɨɪɵɣ�ɫɨɫɬɨɢɬ�ɢɡ�ɥɟɧɬɨɱɧɨɝɨ�ɤɨɧɜɟɣɟɪɚ, 
ɬɪɟɯ�ɦɨɞɭɥɟɣ�ɋȼɑ�ɨɛɪɚɛɨɬɤɢ�ɢ�ɬɪɟɯ�ɦɨɞɭɥɟɣ�ɂɄ�ɨɛɪɚɛɨɬɤɢ 
ɫɵɪɶɹ. ɂɡɭɱɚɥɨɫɶ�ɜɥɢɹɧɢɟ�ɤɨɥɢɱɟɫɬɜɚ�ɩɨɞɜɟɞɟɧɧɨɣ�ɷɧɟɪɝɢɢ 
ɧɚ�ɫɪɟɞɧɸɸ�ɫɤɨɪɨɫɬɶ�ɩɪɨɰɟɫɫɚ�ɫɭɲɤɢ. ɉɪɢ�ɩɨɞɜɨɞɟ�ɭɠɟ 100 
ȼɬ�ɂɄ – ɷɧɟɪɝɢɢ�ɫɪɟɞɧɹɹ�ɫɤɨɪɨɫɬɶ�ɨɛɟɡɜɨɠɢɜɚɧɢɹ�ɩɪɟɜɵɫɢ-
ɥɚ 1 %/ɦɢɧ, ɧɨ� ɩɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɤɨɥɢɱɟɫɬɜɚ� ɩɨɞɜɟɞɟɧɧɨɣ 
ɷɧɟɪɝɢɢ�ɜ 2 ɢ 3 ɪɚɡɚ, ɷɬɨɬ�ɩɨɤɚɡɚɬɟɥɶ�ɜɨɡɪɚɫɬɚɥ�ɬɨɥɶɤɨ�ɧɚ 0,2 
%/ɦɢɧ. ɋɤɨɪɨɫɬɶ�ɫɭɲɤɢ�ɩɪɢ�ɞɜɢɠɟɧɢɢ�ɥɟɧɬɵ�ɫɨ�ɫɤɨɪɨɫɬɶɸ 
ɨɬ 0,13 ɞɨ 0,33 ɫɦ�ɫ�ɩɨɱɬɢ�ɨɞɢɧɚɤɨɜɚ, ɱɬɨ�ɦɨɠɧɨ�ɨɛɴɹɫɧɢɬɶ 
ɫɨɤɪɚɳɟɧɢɟɦ� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ� ɩɪɟɛɵɜɚɧɢɹ� ɩɪɨɞɭɤɬɚ� ɜ 
ɂɄ� ɦɨɞɭɥɟ� ɢ� ɛɨɥɟɟ� ɷɮɮɟɤɬɢɜɧɵɦ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɩɨɞɜɟ-
ɞɟɧɧɨɣ�ɷɧɟɪɝɢɢ. ɇɚ�ɫɤɨɪɨɫɬɢ�ɛɨɥɶɲɟɣ, ɱɟɦ 0,4 ɫɦ�ɫ�ɩɪɨɞɭɤɬ, 
ɩɨ�ɜɢɞɢɦɨɦɭ, ɧɟ�ɭɫɩɟɜɚɟɬ�ɩɨɥɭɱɢɬɶ�ɞɨɫɬɚɬɨɱɧɨɟ�ɤɨɥɢɱɟɫɬɜɨ 
ɷɧɟɪɝɢɢ�ɞɥɹ�ɷɮɮɟɤɬɢɜɧɨɝɨ�ɭɞɚɥɟɧɢɹ�ɜɥɚɝɢ. 

ɋ�ɭɜɟɥɢɱɟɧɢɟɦ�ɡɚɝɪɭɡɤɢ�ɢ, ɜ�ɫɜɨɸ�ɨɱɟɪɟɞɶ, ɬɨɥɳɢɧɵ 
ɫɥɨɹ�ɩɪɨɞɭɤɬɚ�ɭɦɟɧɶɲɚɟɬɫɹ�ɫɤɨɪɨɫɬɶ�ɫɭɲɤɢ (ɪɢɫ. 8). ɇɚ�ɝɪɚ-
ɮɢɤɟ� ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ� ɬɟɧɞɟɧɰɢɹ� ɤ� ɭɜɟɥɢɱɟɧɢɸ� ɷɧɟɪɝɨɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ� ɩɪɨɰɟɫɫɚ� ɫ� ɭɦɟɧɶɲɟɧɢɟɦ� ɤɨɥɢɱɟɫɬɜɚ� ɩɨɞɜɟ-
ɞɟɧɧɨɣ�ɷɧɟɪɝɢɢ. Ɍɟɦɩɟɪɚɬɭɪɚ�ɩɪɨɞɭɤɬɚ� ɜɨ� ɜɫɟɯ� ɨɩɵɬɚɯ� ɧɟ 
ɩɪɟɜɵɲɚɥɚ 65 ºɋ. 

ȼɵɫɭɲɟɧɧɵɣ�ɲɥɚɦ�ɝɨɬɨɜ�ɤ� ɩɪɨɰɟɫɫɭ�ɢɡɜɥɟɱɟɧɢɹ�ɤɨ-
ɮɟɣɧɨɝɨ� ɦɚɫɥɚ. ȼ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɯɚɪɚɤɬɟɪɚ� ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɭɞɚɥɨɫɶ�ɩɨɥɭɱɢɬɶ�ɞɜɟ�ɪɚɡɧɨɜɢɞɧɨɫɬɢ�ɤɨɮɟɣɧɨɝɨ�ɦɚɫɥɚ: ɱɢ-
ɫɬɨɟ� ɢ� ɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ, ɫɨɞɟɪɠɚɳɟɟ� ɚɪɨɦɚɬɢɱɟɫɤɢɟ� ɢ 
ɤɪɚɫɹɳɢɟ�ɜɟɳɟɫɬɜɚ�ɤɨɮɟ. ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ�ɩɪɨɰɟɫɫɚ�ɦɚɫɫɨ-
ɩɟɪɟɧɨɫɚ�ɢɡ�ɬɜɟɪɞɨɣ�ɮɚɡɵ�ɲɥɚɦɚ�ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ�ɩɨɞɜɟɞɟ-
ɧɢɟɦ�ɦɢɤɪɨɜɨɥɧɨɜɨɣ�ɷɧɟɪɝɢɢ�ɩɨɥɹ� ɱɚɫɬɨɬɨɣ 2450 ɤȽɰ�ɩɪɢ 
ɦɨɳɧɨɫɬɹɯ 85 – 127 ȼɬ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ�ɪɟɠɢɦɵ�ɢɦɩɭɥɶɫ-
ɧɨɝɨ�ɢ�ɧɟɩɪɟɪɵɜɧɨɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ�ɩɨɥɹ, ɚ�ɬɚɤɠɟ�ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɬ 40 °ɋ�ɞɨ�ɤɢɩɟɧɢɹ�ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ȼɢɞɧɨ (ɪɢɫ. 9), ɱɬɨ� ɩɪɢɦɟɧɟɧɢɟ� ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ�ɩɨɡɜɨɥɹɟɬ�ɫɨɤɪɚɬɢɬɶ�ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ�ɩɪɨɰɟɫɫɚ�ɜ�ɞɟ-
ɫɹɬɤɢ�ɪɚɡ, ɩɪɢ�ɷɬɨɦ�ɩɪɨɰɟɫɫ�ɩɪɨɬɟɤɚɟɬ�ɩɪɢ�ɞɨɫɬɚɬɨɱɧɨ�ɧɢɡ-
ɤɢɯ�ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚ�ɷɬɨ�ɫɩɨɫɨɛɫɬɜɭɟɬ�ɫɨɯɪɚɧɟɧɢɸ�ɜ�ɤɨɧɟɱ-
ɧɨɦ�ɩɪɨɞɭɤɬɟ�ɰɟɧɧɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ. 
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Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ɈɐȱɇɄȺ�ɄɈɇɄɍɊȿɇɌɈɋɉɊɈɆɈɀɇɈɋɌȱ�ɏɅȱȻȺ�Ɂ�ɐȱɅɖɇɈȽɈ�ɁȿɊɇȺ 
ɉɒȿɇɂɐȱ�Ɂ�ȼɄɅɘɑȿɇɇəɆ�ɄɈɊȿɇȿɉɅȱȾɇɂɏ�ɈȼɈɑȱȼ 

ɍ�ɫɬɚɬɬɿ�ɧɚɜɟɞɟɧɨ�ɦɚɬɟɪɿɚɥ�ɳɨɞɨ�ɪɨɡɪɚɯɭɧɤɭ�ɩɨɤɚɡɧɢɤɚ�ɤɨɧ-
ɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɨɫɬɿ�ɯɥɿɛɚ�ɡ�ɰɿɥɶɧɨɝɨ�ɡɟɪɧɚ�ɩɲɟɧɢɰɿ�ɡ�ɜɤɥɸɱɟɧɧɹɦ 
ɤɨɪɟɧɟɩɥɿɞɧɢɯ�ɨɜɨɱɿɜ�ɡɚ�ɨɪɝɚɧɨɥɟɩɬɢɱɧɢɦɢ�ɬɚ�ɮɿɡɢɱɧɢɦɢ�ɩɨɤɚɡɧɢ-
ɤɚɦɢ, ɩɨɤɚɡɧɢɤɚɦɢ�ɯɚɪɱɨɜɨʀ�ɰɿɧɧɨɫɬɿ, ɩɨɤɚɡɧɢɤɚɦɢ�ɿɧɧɨɜɚɰɿɣɧɨʀ�ɞɿ-
ɹɥɶɧɨɫɬɿ�ɬɚ�ɦɚɪɤɟɬɢɧɝɨɜɢɯ�ɞɨɫɥɿɞɠɟɧɶ, ɰɿɧɨɸ�ɬɚ�ɛɟɡɩɟɱɧɿɫɬɸ. 

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ:� ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɿɫɬɶ, ɤɨɦɩɥɟɤɫɧɢɣ�ɩɨ-
ɤɚɡɧɢɤ� ɪɿɜɧɹ� ɹɤɨɫɬɿ, ɤɨɟɮɿɰɿɽɧɬ� ɜɚɝɨɦɨɫɬɿ, ɯɥɿɛ� ɡ� ɰɿɥɶɧɨɝɨ� ɡɟɪɧɚ 
ɩɲɟɧɢɰɿ, ɤɨɪɟɧɟɩɥɨɞɢ�ɫɟɥɟɪɢ, ɩɟɬɪɭɲɤɢ�ɬɚ�ɩɚɫɬɟɪɧɚɤɭ, ɥɿɤɭɜɚɥɶɧɨ-
ɩɪɨɮɿɥɚɤɬɢɱɧɿ�ɜɥɚɫɬɢɜɨɫɬɿ. 

Materials concerning the calculation of indicator of competitive-
ness of bread made from a whole wheat grain with inclusion of root 
crops on base of an organoleptic and physical indexes, indexes of nutri-
tional value, indexes of innovation and market research, cost and safety 
are given in the article.  

Keywords: competitiveness, a competitive index of the quality, 
bread made from a whole wheat grain, root crops of celery, parsley and 
parsnip, therapeutic and prophylactic properties. 

ɍ�ɬɟɩɟɪɿɲɧɿɯ� ɭɦɨɜɚɯ� ɨɞɧɢɦ� ɿɡ�ɮɚɤɬɨɪɿɜ,  ɳɨ�ɩɟ-
ɪɟɞɭɸɬɶ� ɭɫɩɿɯɭ� ɧɨɜɨɝɨ� ɩɪɨɞɭɤɬɭ, ɬɚ� ɡɨɤɪɟɦɚ� ɧɨɜɢɯ 
ɜɢɞɿɜ�ɯɚɪɱɨɜɨʀ�ɩɪɨɞɭɤɰɿʀ�ɧɚ�ɪɢɧɤɭ, ɽ�ɟɤɨɧɨɦɿɱɧɚ�ɞɨɰɿ-
ɥɶɧɿɫɬɶ�ɚɛɨ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ʀɯ�ɜɢɪɨɛɧɢɰɬɜɚ.  ɍ�ɡɜ¶ɹɡɤɭ�ɡ 
ɰɢɦ�ɜɢɧɢɤɚɽ�ɧɟɨɛɯɿɞɧɿɫɬɶ� ɨɰɿɧɸɜɚɧɧɹ� ʀɯ�ɤɨɧɤɭɪɟɧɬɨ-
ɫɩɪɨɦɨɠɧɨɫɬɿ.  

Ʉɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɿɫɬɶ� ɨɡɧɚɱɚɽ� ɡɞɚɬɧɿɫɬɶ 
ɨɛ¶ɽɤɬɚ� ɝɨɫɩɨɞɚɪɫɶɤɨʀ� ɞɿɹɥɶɧɨɫɬɿ� ɜ� ɩɟɜɧɢɣ� ɩɟɪɿɨɞ� ɡɚ-
ɛɟɡɩɟɱɭɜɚɬɢ�ɤɨɦɟɪɰɿɣɧɢɣ�ɚɛɨ�ɿɧɲɢɣ�ɭɫɩɿɯ�ɧɚ�ɤɨɧɤɪɟ-
ɬɧɨɦɭ�ɪɢɧɤɭ�ɜ�ɭɦɨɜɚɯ�ɤɨɧɤɭɪɟɧɰɿʀ [1, 2].  

ȼɢɯɨɞɹɱɢ�ɡ�ɰɶɨɝɨ, ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɚ�ɩɪɨɞɭ-
ɤɰɿɹ – ɰɟ�ɜɢɪɨɛɢ, ɹɤɿ�ɤɨɪɢɫɬɭɸɬɶɫɹ�ɩɨɩɢɬɨɦ�ɭ�ɜɟɥɢɤɨʀ 
ɤɿɥɶɤɨɫɬɿ� ɫɩɨɠɢɜɚɱɿɜ� ɬɚ� ɦɚɸɬɶ� ɧɟ� ɦɟɧɲ� ɜɢɫɨɤɢɣ� ɪɿ-
ɜɟɧɶ�ɹɤɨɫɬɿ,  ɧɿɠ�ɜɿɞɨɦɿ�ɚɧɚɥɨɝɢ,  ɨɞɧɚɤ�ɜɨɧɢ�ɜɿɞɪɿɡɧɹ-
ɸɬɶɫɹ� ɜɿɞ� ɨɫɬɚɧɧɿɯ� ɟɥɟɦɟɧɬɚɦɢ� ɿɧɧɨɜɚɰɿʀ� ɭ� ɜɢɝɥɹɞɿ 
ɨɛ¶ɽɤɬɿɜ�ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ�ɜɥɚɫɧɨɫɬɿ, ɩɚɬɟɧɬɿɜ�ɬɨɳɨ. Ɍɚ-
ɤɚ�ɩɪɨɞɭɤɰɿɹ�ɡɚɛɟɡɩɟɱɭɽ�ɬɪɢɜɚɥɿɫɬɶ�ɪɟɚɥɿɡɚɰɿʀ�ɧɚ�ɪɢɧ-
ɤɭ�ɬɚ�ɨɬɪɢɦɚɧɧɹ�ɩɪɢɛɭɬɤɭ [2].  

Ɇɟɬɚ�ɞɚɧɨʀ�ɫɬɚɬɬɿ – ɜɢɡɧɚɱɟɧɧɹ�ɤɨɧɤɭɪɟɧɬɨɫɩɪɨ-
ɦɨɠɧɨɫɬɿ� ɪɨɡɪɨɛɥɟɧɢɯ� ɧɚ� ɤɚɮɟɞɪɿ� ɬɨɜɚɪɨɡɧɚɜɫɬɜɚ� ɬɚ 
ɟɤɫɩɟɪɬɢɡɢ� ɬɨɜɚɪɿɜ� Ɉɞɟɫɶɤɨʀ� ɧɚɰɿɨɧɚɥɶɧɨʀ� ɚɤɚɞɟɦɿʀ 
ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ�ɯɥɿɛɚ�ɡ�ɰɿɥɶɧɨɝɨ�ɡɟɪɧɚ�ɩɲɟɧɢɰɿ�ɡ 
ɜɤɥɸɱɟɧɧɹɦ�ɤɨɪɟɧɟɩɥɿɞɧɢɯ�ɨɜɨɱɿɜ, ɚ�ɫɚɦɟ – ɤɨɪɟɧɟɩ-
ɥɨɞɿɜ�ɫɟɥɟɪɢ, ɩɟɬɪɭɲɤɢ�ɬɚ�ɩɚɫɬɟɪɧɚɤɭ. 

Ɋɟɰɟɩɬɭɪɢ� ɧɨɜɢɯ� ɜɢɞɿɜ� ɯɥɿɛɚ� ɛɭɥɨ� ɨɬɪɢɦɚɧɨ� ɡɚ 
ɞɨɩɨɦɨɝɨɸ�ɫɩɟɰɿɚɥɶɧɨʀ�ɩɪɨɝɪɚɦɢ�ɩɪɨɟɤɬɭɜɚɧɧɹ�ɪɟɰɟ-
ɩɬɭɪ� ɯɥɿɛɨɛɭɥɨɱɧɢɯ� ɜɢɪɨɛɿɜ� ɡɿ� ɡɛɚɥɚɧɫɨɜɚɧɢɦ� ɯɿɦɿɱ-
ɧɢɦ�ɫɤɥɚɞɨɦ «OPTIMA» [3]. Ɋɨɡɪɚɯɭɧɤɢ�ɩɪɨɜɨɞɢɥɢɫɹ 
ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɭɫɿɯ� ɬɟɯɧɨɥɨɝɿɱɧɢɯ� ɜɬɪɚɬ� ɬɚ� ɜɢɬɪɚɬ, ɜ 
ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɜɢɞɭ�ɫɢɪɨɜɢɧɢ�ɬɚ�ɩɪɨɰɟɫɭ�ɜɢɝɨɬɨɜɥɟɧ-
ɧɹ. Ʉɪɿɦ� ɬɨɝɨ, ɲɥɹɯɨɦ� ɩɪɨɜɟɞɟɧɧɹ� ɫɟɪɿʀ� ɟɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɢɯ�ɞɨɫɥɿɞɠɟɧɶ�ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ�ɜɤɥɸɱɟɧɧɹ�ɛɥɚ-
ɧɲɨɜɚɧɢɯ� ɬɚ� ɩɨɞɪɿɛɧɟɧɢɯ� ɤɨɪɟɧɟɩɥɨɞɿɜ� ɫɟɥɟɪɢ� ɚɛɨ 
ɩɟɬɪɭɲɤɢ,  ɚɛɨ�ɩɚɫɬɟɪɧɚɤɭ�ɞɨ�ɫɤɥɚɞɭ�ɯɥɿɛɚ�ɡ�ɰɿɥɶɧɨɝɨ 
ɡɟɪɧɚ� ɩɲɟɧɢɰɿ, ɩɪɢ� ɡɛɟɪɟɠɟɧɧɿ� ɫɬɪɭɤɬɭɪɧɨ-
ɦɟɯɚɧɿɱɧɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ�ɬɿɫɬɚ�ɬɚ�ɮɿɡɢɤɨ�ɯɿɦɿɱɧɢɯ�ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ�ɝɨɬɨɜɨɝɨ�ɩɪɨɞɭɤɬɭ�ɧɚ�ɩɪɢɩɭɫɬɢɦɨɦɭ�ɪɿɜ-
ɧɿ, ɚ� ɬɚɤɨɠ� ɩɨɥɿɩɲɟɧɧɹ� ɨɪɝɚɧɨɥɟɩɬɢɱɧɢɯ� ɩɨɤɚɡɧɢɤɿɜ 

ɣɨɝɨ� ɹɤɨɫɬɿ, ɡɨɤɪɟɦɚ� ɧɚɞɚɧɧɿ� ɩɪɢɜɚɛɥɢɜɨɝɨ� ɡɨɜɧɿɲ-
ɧɶɨɝɨ�ɜɢɝɥɹɞɭ, ɩɪɢɽɦɧɨɝɨ�ɫɦɚɤɭ�ɬɚ�ɚɪɨɦɚɬɭ�ɽ�ɪɚɰɿɨɧɚ-
ɥɶɧɢɦ�ɧɚ�ɪɿɜɧɿ 10 % ɞɨ�ɦɚɫɢ�ɡɟɪɧɚ�ɩɲɟɧɢɰɿ [4]. 

əɤ�ɨɛ¶ɽɤɬɢ�ɞɨɫɥɿɞɠɟɧɶ�ɛɭɥɨ�ɨɛɪɚɧɨ�ɪɨɡɪɨɛɥɟɧɢɣ 
ɯɥɿɛ�ɡ�ɰɿɥɶɧɨɝɨ�ɡɟɪɧɚ�ɩɲɟɧɢɰɿ�ɡ�ɜɤɥɸɱɟɧɧɹɦ 10 % ɤɨ-
ɪɟɧɟɩɥɨɞɭ�ɫɟɥɟɪɢ, ɹɤ�ɩɪɨɞɭɤɬ�ɚɧɚɥɨɝ – ɯɥɿɛ�ɿɡ�ɩɲɟɧɢ-
ɱɧɨɝɨ�ɛɨɪɨɲɧɚ� ɜɢɳɨɝɨ� ʉɚɬɭɧɤɭ, ɹɤɢɣ� ɽ� ɧɚɣɛɿɥɶɲ�ɩɨ-
ɩɭɥɹɪɧɢɦ�ɫɟɪɟɞ�ɫɩɨɠɢɜɚɱɿɜ [5]. 

Ʉɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɿɫɬɶ�ɧɨɜɢɯ�ɜɢɞɿɜ�ɯɥɿɛɚ�ɡ�ɰɿ-
ɥɶɧɨɝɨ�ɡɟɪɧɚ�ɩɲɟɧɢɰɿ�ɜ�ɪɨɛɨɬɿ� ɨɰɿɧɸɜɚɥɢ� ɡɚ�ɦɟɬɨɞɢ-
ɤɨɸ�ɦɨɞɟɥɸɜɚɧɧɹ [6,7], ɹɤɚ�ɜɪɚɯɨɜɭɽ�ɩɨɤɚɡɧɢɤɢ�ɹɤɨɫ-
ɬɿ� ɩɪɨɞɭɤɬɿɜ, ɿɧɮɨɪɦɚɰɿɸ� ɩɪɨ� ɚɧɚɥɨɝɢ, ɩɪɢɧɰɢɩ� ɭɜɟ-
ɞɟɧɧɹ� ɿɧɧɨɜɚɰɿɣ, ɩɨɤɚɡɧɢɤɢ� ɧɚɫɬɭɩɧɨɝɨ� ɩɨɤɨɥɿɧɧɹ 
ɩɪɨɞɭɤɰɿʀ.  

Ɏɨɪɦɭɥɚ� ɪɨɡɪɚɯɭɧɤɭ� ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɨɫɬɿ 
ɩɪɨɞɭɤɰɿʀ�ɦɚɽ�ɜɢɝɥɹɞ: 

Ц
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БК ii
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å´=
    (1) 

ɞɟ iigтå  – ɫɭɦɚɪɧɢɣ�ɤɨɦɩɥɟɤɫɧɢɣ�ɩɨɤɚɡɧɢɤ�ɪɿ-
ɜɧɹ� ɹɤɨɫɬɿ, ɹɤɢɣ� ɜɢɪɚɠɟɧɢɣ� ɭ� ɛɚɥɚɯ (mɿ – ɤɨɟɮɿɰɿɽɧɬ 
ɜɚɝɨɦɨɫɬɿ�ɹɤɨɫɬɿ (ɿ�ɬɨʀ�ɜɥɚɫɬɢɜɨɫɬɿ; gɿ – ɩɨɤɚɡɧɢɤ�ɹɤɨ-
ɫɬɿ (ɿ�ɬɨʀ�ɜɥɚɫɬɢɜɨɫɬɿ)); 

ɐ – ɰɿɧɚ�ɡɚ�ɨɞɢɧɢɰɸ�ɩɪɨɞɭɤɬɭ; 
Ȼ – ɛɟɡɩɟɱɧɿɫɬɶ  ɩɪɨɞɭɤɬɭ. Ȼɟɡɩɟɱɧɿɫɬɶ�ɩɪɨɞɭɤɬɭ 

ɜɪɚɯɨɜɭɽ� ɜɿɞɫɭɬɧɿɫɬɶ� ɚɛɨ� ɧɚɹɜɧɿɫɬɶ� ɤɥɿɧɿɱɧɢɯ� ɞɨɫɥɿ-
ɞɠɟɧɶ, ɝɿɝɿɽɧɿɱɧɨɝɨ� ɜɢɫɧɨɜɤɭ. ɉɨɤɚɡɧɢɤ� ɛɟɡɩɟɱɧɨɫɬɿ 
ɩɪɢɣɦɚɽ�ɬɚɤɟ�ɡɧɚɱɟɧɧɹ: Ȼ=0 – ɩɪɨɞɭɤɬ�ɧɟ�ɽ�ɤɨɧɤɭɪɟɧ-
ɬɨɫɩɪɨɦɨɠɧɢɦ; Ȼ=1 – ɩɪɨɞɭɤɬ�ɽ�ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠ-
ɧɢɦ; Ȼ=2 – ɩɪɨɞɭɤɬ� ɦɚɽ� ɥɿɤɭɜɚɥɶɧɨ�ɩɪɨɮɿɥɚɤɬɢɱɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ�ɬɚ�ɜɢɫɨɤɭ�ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɿɫɬɶ. 
Ɂɚ� ɦɟɬɨɞɢɤɨɸ� ɪɨɡɪɚɯɭɧɤɭ� ɩɨɤɚɡɧɢɤɚ� ɤɨɧɤɭɪɟɧɬɨɫ-
ɩɪɨɦɨɠɧɨɫɬɿ� ɩɪɨɞɭɤɬɭ�ɩɨɛɭɞɨɜɚɧɚ� ɬɚɛɥɢɰɹ (ɬɚɛɥ. 1), 
ɹɤɚ� ɜɤɥɸɱɚɽ� ɬɚɤɿ� ɟɥɟɦɟɧɬɢ: ɪɿɜɟɧɶ� ɹɤɨɫɬɿ; ɤɨɟɮɿɰɿɽɧɬ 
ɜɚɝɨɦɨɫɬɿ; ɩɨɤɚɡɧɢɤɢ� ɹɤɨɫɬɿ; ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɪɿɜɧɹ 
ɹɤɨɫɬɿ; ɫɭɦɚɪɧɢɣ (ɩɿɞɫɭɦɤɨɜɢɣ) ɤɨɦɩɥɟɤɫɧɢɣ� ɩɨɤɚɡ-
ɧɢɤ�ɪɿɜɧɹ�ɹɤɨɫɬɿ. 

ɒɤɚɥɭ� ɨɰɿɧɸɜɚɧɧɹ� ɛɭɞɭɜɚɥɢ� ɬɚɤɢɦ�ɱɢɧɨɦ, ɳɨɛ 
ɦɨɠɧɚ�ɛɭɥɨ�ɜɪɚɯɭɜɚɬɢ�ɬɪɢ�ɪɿɜɧɿ�ɹɤɨɫɬɿ: 

– ɞɨɛɪɚ� ɩɪɨɞɭɤɰɿɹ (4 ɛɚɥɢ) – ɤɨɧɤɭɪɟɧɬɨɫɩɪɨ-
ɦɨɠɧɚ�ɩɪɨɞɭɤɰɿɹ�ɡ�ɧɚɣɜɢɳɢɦɢ�ɡɧɚɱɟɧɧɹɦɢ; 

– ɡɚɞɨɜɿɥɶɧɚ�ɩɪɨɞɭɤɰɿɹ (3 ɛɚɥɢ) – ɩɪɨɞɭɤɰɿɹ, ɹɤɚ 
ɦɨɠɟ� ɞɟɹɤɢɣ� ɱɚɫ� ɤɨɧɤɭɪɭɜɚɬɢ� ɡ� ɤɪɚɳɢɦɢ� ɡɪɚɡɤɚɦɢ, 
ɚɥɟ�ɧɟɞɨɜɝɨ; 

– ɧɟɡɚɞɨɜɿɥɶɧɚ� ɩɪɨɞɭɤɰɿɹ (2 ɛɚɥɢ) – ɩɪɨɞɭɤɰɿɹ, 
ɹɤɚ�ɦɨɠɟ�ɤɨɧɤɭɪɭɜɚɬɢ�ɡ�ɤɪɚɳɢɦɢ�ɡɪɚɡɤɚɦɢ�ɭ�ɧɚɣɛɥɢ-
ɠɱɢɣ�ɱɚɫ, ɚɥɟ�ɧɟ�ɜ�ɦɚɣɛɭɬɧɶɨɦɭ. 

ɋɥɿɞ�ɡɚɡɧɚɱɢɬɢ, ɳɨ�ɩɪɢ�ɨɰɿɧɸɜɚɧɧɿ�ɤɨɧɤɭɪɟɧɬɨ-
ɫɩɪɨɦɨɠɧɨɫɬɿ� ɨɞɧɿ� ɩɨɤɚɡɧɢɤɢ� ɽ� ɨɫɧɨɜɧɢɦɢ, ɚ� ɿɧɲɿ 
ɦɨɠɧɚ�ɜɿɞɧɟɫɬɢ�ɞɨ�ɞɪɭɝɨɪɹɞɧɢɯ.  ɍ�ɡɜ¶ɹɡɤɭ�ɡ�ɰɢɦ,  ɞɥɹ 
ɨɛ¶ɽɤɬɢɜɧɨʀ� ɨɰɿɧɤɢ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ� ɤɨɟɮɿɰɿɽɧɬɢ� ɜɚ-
ɝɨɦɨɫɬɿ, ɹɤɿ�ɭ�ɫɜɨʀɣ�ɫɭɦɿ�ɩɨɜɢɧɧɿ�ɛɭɬɢ�ɤɪɚɬɧɢɦɢ 10,  


